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MEDICAL ASPECTS OF SURGERY 


“ Surgery is tlie strongest of all research weapons in the hands of the physician, 
and posterity, I fear, will not hold us guiltless of the sin of allowing hostility, or 
imperfect understanding, to grow up between physician and surgeon in this great 
creative period in the science and the art of medicine. How much more rapid 
our progress would have been, how much more accurate our labours, what waste 
of time and effort would have been spared, if, instead of living each inside his 
own impenetrable ring fence, the physician and surgeon had met on common 
ground in the interest of the patient. Our only excuse, tlie only condonation, is 
that the sin was not so much of our own creation as hereditary.” (Moynihax, 
“ Essays on Surgical Subjects.”) 

There is little need at the present time to stress the interrelationship 
and common aim of medicine and surgery. Every surgeon will agree 
that they are fundamentally inseparable, supplementary tlie one to 
the other, and but differing aspects of the same broad general study 
of disease. It follows, then, that each patient upon whom an operation 
is contemplated is to be regarded not merely as the possessor of a surgical 
lesion to be removed or remedied, but as an individual whose other 
systems merit investigation and assessment of their ability to withstand 
successfully the surgical measures proposed. It is in evaluation of this 
*' surgical risk ” and adoption, where available, of means whereby it 
may be diminished that the physician can most usefully serve his 
surgical colleague. 

From a still broader standpoint, the risk in operating in a given case 
is dependent upon other factors besides the physical condition of the 
patient and the procedure to be carried out, namely, the surgical 
wisdom, competence and technique of the operator, and the surround- 
ings and facilities under which the operation is to be performed. For 
the purpose of this survey, the latter factors may be accepted as 
adequate, and consideration be reserved for the former. 

Again speaking generally, operations fall into three groups. In 
the first, the indications for operation are absolute and beyond question , 
as, for example, in perforated duodenal ulcer or strangulated gut, 
and whatever the patient’s condition and circumstances surgery must 
be attempted as a life-saving measure. Here, consideration of operative 
risk is purely an academic question with no practical influence upon 
3575 
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procedure. The risks, however high, must be taken, in that those of 

abstension are yet higher or even hopeless. 

The second group concerns minor operations done at a convenient 
time to surgeon and patient and upon a healthy subject, as, for example, 
the removal of a lipoma or s imil ar localised condition. In this type the 
operative risk should be so slight as to be negligible, and therefore one 
hardly possible or necessary to assess. 

It is with the third or intermediate group, involving all other cases, 
that the practical issue is concerned and decision made for or against 
operation. 

This group includes the ordinary type of major operation, carried out 
not necessarily upon an othericise fit subject , but in enforced association, 
perhaps, icith other degenerative changes or disease conditions. The 
patient may, for example, be elderly, obese, or unfit from preceding 
illness. The choice may be between an operation, which, though 
desirable from the standpoint of final recovery, cannot be called essential 
to life and is certainly not free from risk, and, on the other hand, a 
continuance of medical treatment, with avoidance of immediate 
danger though with less complete benefit or relief than that afforded 
by operation if successfully withstood. The gall-bladder, for example, 
may frequently be the seat of such a choice. An error in judgment may 
mean an unnecessary death, however good the intention. A great 
responsibility falls, therefore, upon those charged with assessing the 
risk and advising as to operative interference. 

The factors may now be considered which combine to make a 
given person either a good or a bad “ surgical risk,’’ the latter being 
defined as one in whom the chances of recovery from operative treat- 
ment of his condition fall well below the average. 

A. Physiological Considerations 

(1) Age. The added dangers of operation at the extremes of life 
are well recognised. Operations, for example, within the first few 
days of birth, as for congenital deformities, carry a heavy risk, although 
in later infancy these may be minimised by special care and preparation. 
Dehydration, hemorrhage, alkalosis, acidosis, and liability to pulmonary 
complications are amongst the special dangers in child)] ood, the risks 
of these being proportionately greater after abdominal, and particularly 
intestinal, interference. Speed (but not haste) of surgical measures, 
maintenance of warmth during and after operation, free supply of body 
fluids and carbohydrates, and suitable choice of anesthetic combine 
to keep mortality at a minimum. "With regard to the last point, the 
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use in the main of nitrous oxide-oxygen inhalation, together with 
local analgesia when indicated, has been found the most useful 
combination. 

Old age similarly has its dangers for surgery, although senile 
degeneration is to be estimated not so much from years as from objective 
vascular and other demonstrable changes. Liability to pulmonary 
events — bronchitis, hypostatic collapse and pneumonia — and to 
thrombosis of essential arteries is proportionately greater and will 
need appropriate prophylactic measures. Moreover, the anxieties of 
middle age, especially as regards continued wage-earning capacity in 
the hospital patient, are factors increasing surgical risk in the restless- 
ness and economic worry apt to ensue. 

The most favourable period for operation is then the intermediate 
decades, when physique and resistance are good, powers of recovery 
unimpaired and operative trauma well withstood. 

(2) Sex. In general, women are better operative risks than men 
where major surgery is concerned. Liability to shock appears less 
and resistance to liEemorrlmge greater, while pelvic operations in 
particular arc more readily withstood. When possible, it is desirable 
to avoid the times of menstruation on account of associated metabolic 
and nervous disturbances. The changes associated with the menopause 
— nervous, vascular, and endocrine — necessarily carry some increase 
in general operative risk. 

(3) Physique and bodily conformity . The unduly thin and the unduly 
fat are both poor candidates for surgery, the former from lack of 
nutritional reserve, the latter from mechanical difficulties and impaired 
resistance. Of the two the fat subject is the greater risk, especially 
with an abdominal operation. The wound is deep, access to structures 
restricted, tissues friable and slippery, and differentiation of organs more 
difficult. Operation-time is thereby prolonged. Fatty infiltration of 
the heart and pericardium diminishes cardiac reserve, and the added 
weight of the parietes and fulness of the abdomen hamper the dia- 
phragm. Respiratory complications are correspondingly more frequent. 
The danger of fat embolism has to be considered ; venous thrombosis 
is commoner ; and among late sequelae ventral hernia is a possibility. 

Heavy muscular build may sometimes be a drawback and increase 
difficulty of approach, e.g. to the kidney, and the lighter, more wiry 
build is on the whole a lesser risk. 

Where operation is not urgent, these risks may be diminished by 
appropriate dietary measures. The obese are encouraged to reduce 
weight, and the thin to build up nutrition before the chosen date. 
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{4) Habits. The added risks of the heavy drinker need no emphasis ; 
repeated saturation with alcohol is responsible for his frequent resistance 
to anesthetics, while obese build, cardio-vascular degeneration, and 
hepatic damage carry further dangers. Liability to delirium tremens in 
the post-operative phase is marked and affords good reason for continuing 
to give some alcohol throughout this period. The risk of hepatic 
inadequacy is lessened by the free administration of glucose. Prolonged 
anaesthesia and diminished resistance to bacterial infection make post- 
operative pneumonia a complication especially to be feared. Evidence 
of developed cirrhosis of the liver should be considered a bar to all but 
essential operations. 

The heavy smoker has the scales weighed a little against him as 
regards irritability of the pharyux and upper respiratory passages and 
added liability to cough for some days after operation, and it is well for 
him to cease or at least reduce his smoking for a few days previously. 

The drug addict as commonly understood, e.g. the chronic taker of 
morphia, cocaine or barbiturates, is a subject on whom to avoid opera- 
tive measures whenever possible. Resistance to aucestliesia and suscept- 
ibility to infection and to major mental derangement are marked. 
'When operation is essential, the usual supply of the drug must be 
continued throughout the period of illness. 

(5) Occupation and social status. These are to some extent included 
in the previous considerations. Occupation involving regular exercise 
and good muscular tone clearly makes for a safer operative risk than 
the overfeeding of idleness or the coercion of habit and diet associated 
with particular occupations, such as that of publican, commercial 
traveller, or some walks of business life. Those subject to constant 
rush and tear and more than their quota of anxiety are not the best 
subjects for operation. The added concern when medical men arc 
patients is more than a myth. .With this are linked up factors of tem- 
perament and emotional type. The phlegmatic is the better risk, being 
less liable to shock ; the apprehensive or nervous type, especially the 
true neurasthenic, is a poorer risk. He lias less faith, less ability to rest 
and submit to treatment, approaches operation in a mental tumult 
and often desires in the post-operative stage to direct his own regime 
instead of leaving it to others. Major mental disturbance, especially 
of the maniacal form, is not very infrequent after operation in this 
type, though usually but temporary in duration. 

No generalisation can fairly be made as regards racial factors, but 
these clearly come into consideration with those outlined above. 
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B. Factors of Previous or Associated Disease 

Apart from physiological considerations in assessing chances of 
recovery from operation, the influence of previous illness or of accom- 
panying defects in other organs or systems than that of the surgical 
lesion in question must naturally be considered. The effect on the 
surgical risk will, of course, vary with their nature and severity. A 
compute examination will .alone reveal such associated conditions, 
especially if they be latent before operation, as with some pulmonary 
lesions. A convenient method of review of the main systems concerned 
will be on an anatomical basis : 

( 1 ) Card io-vascuhr d iscasc. 

Of associated medical conditions, one of the chief to nrouse doubt 
in the mind of the surgeon as to operability is the presence of known or 
suspected heart disease, although anxiety is frequently greater than 
need be. It is without question a sound procedure that ever)’ patient 
prior to operation should be critically examined as to his cardio- 
vascular system, but limitation of this survey to the customary stetho- 
scopic examination immediately before anresthesia is of negligible value 
and is to be strongly condemned. To be of real help in decision, 
investigation must be made on a definite plan. 

The patient is first interrogated for history of previous cardiac 
illness, and for symptoms pointing to myocardial weakness ; of these 
the most important is inquiry for undue dyspnoea on exertion, with an 
estimate of the degree of effort needed to produce it, whether this be 
walking on the level, on an incline or upstairs, or only strenuous hurry- 
ing. Alternatively, dyspnoea may be of nocturnal or “ cardiac asthma ” 
type. In the same way, inquiry is made as to precordial or substernal 
pain, with its degree, if present, from tightness or discomfort to true 
anginal features. If the patient’s condition allows, an estimate of 
exercise tolerance should be made to assess the cardiac reserve ; if 
this be satisfactory, the pulse-rate should return to its resting level 
usually within one, and certainly within two, minutes. 

On examination of the heart, the points to be noted are the size of 
the heart, the rate and rhythm, the presence of valvular lesions and 
the tone of the myocardium. The latter will be indicated by the force 
of the impulse, together with the length and pitch of the first sound at 
the apex. Signs of ill omen are a diffuse cardiac impulse and a short 
high-pitched or reduplicated first sound, with tic-tac or gallop rhythm. 
The need for accurate interpretation of cardiac murmurs, organic or 
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functional, need not be stressed. Estimation of tbe pulse and the 
condition of the arteries, and recording of the systolic and diastolic 
blood-pressure, should always be made. Cyanosis or distension of 
veins is noted, and search made of the extremities, lung bases and 
sacrum for oedema, and for signs of passive congestion of abdominal 
organs. Where the circumstances will allow, and especially where doubt 
is aroused by clinical examination, an electrocardiographic record 
and an orthodiagram or teleradiogram of the heart should be made. 
Evidence of myocardial damage, not patent on ordinary clinical tests, 
may by these means not infrequently be revealed, and warning be 
given against the advisability of operation. 

With these data, and bearing in mind the nature of the operation 
proposed, the surgical risk may be reasonably assessed. For 
purposes of discussion, the following simple classification may be 
adopted : 

(a) Rheumatic heart disease. Acute rheumatic carditis, as with any 
other actively toxic condition of the heart muscle, is a bar to operation 
involving general anresthesia. Perhaps one of the most frequent errors 
is the too-early removal of tonsils, with recrudescence of endocarditis 
and joint inflammation. Chronic rheumatic heart disease, however, 
when well compensated and where the tone of the heart muscle is good, 
carries little if any added risk, especially in adolescence and early 
adult life. The mere presence of a valvular lesion need not be feared 
so long as tbe patient has no symptoms of undue dyspnoea or fatigue 
and shows no signs of congestive failure. An essential operation is 
never contra-indicated, and seldom one of choice, while selection of 
anresthetic is not greatly affected. Where time allows, benefit may 
accrue from a preliminary period of rest in bed before operation, and 
where the patient is nervous on account of his heart simple sedatives 
will save the unnecessary work of the heart resulting from emotional 
tachycardia. There is no call for digitalis in the absence of failure. 
Similarly it is wise that convalescence should not be hastened. Of the 
slightly greater risks associated with rheumatic valvular lesions, in 
particular with mitral stenosis, perhaps the most important, though 
unavoidable when it occurs, is an added liability to post-operative 
embolism — arterial from blood clot in the left auricle, or venous 
from stagnation in the great veins. Pulmonary infection and hremo- 
rrhagic infarction are also somewhat more common. 

The presence of cardiac failure, however, radically alters the 
prognosis. Wherever possible, operation upon patients with cardiac 
cedema or gross signs of congestive failure should be avoided, or at 
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least delayed until tlio maximum of compensation is restored by 
adequate Test in bed and digitalisation. 

Abnormalities of rhythm are of importance in this respect. Occa- 
sional premature beats may be disregarded in the absence of more 
definite contra-indications. Their occurrence during anaesthesia is in any 
event very common. Auricular fibrillation in rheumatic cases, if well 
controlled by digitalis and unaccompanied by failure, carries no great 
risk and should not deter from operation ; it is essential to give adequate 
preliminary treatment so as to bring the ventricular rate within normal 
limits. Auricular flutter likewise calls for preliminary digitalisation. 
Liability to attacks of paroxysmal tachycardia should be a warning 
feature, since a prolonged attack during or after operation might well 
be terminal. Attempt should be made, where the liability is known, 
to control or abolish the attacks by quinidine in the pre-operative 
period. The value of an electrocardiogram in interpreting such 
irregularities is clear. 

(6) Arteriosclerotic arul degenerative heart disease. In this wide 
group the risks of surgery are far greater. The patient is usually older, 
and there is fault with the vital myocardium rather than any mechani- 
cal valvular difficulty. Where examination points to a widespread 
degeneration of the heart muscle and presumptive interference with 
its own blood supply, any non-urgent or non-essential operation is 
to be avoided. Alternatively, where there is no other choice, special 
care and precautions are to be adopted. Decision is often made 
easier by the circumstance that many operations at this age are of the 
latter type, and the risks although great are legitimate. 

Syphilitic heart disease with aortitis, aneurysm or aortic regurgita- 
tion, in contrast to the rheumatic group, is a bad risk. Sudden death, 
during or shortly after operation, is not uncommon, hence only essen- 
tial surgery should be performed in such cases. Similarly, patients 
with angina pectoris, signs of coronary atheroma, or previous coronary 
infarction are undesirable subjects for elective surgery. The factors 
must be weighed of the urgency of operation against the degree of 
dyspncea, fatigue or chest pain present. Some disorders of rhythm and 
action, such as heart block or pulsus alternans, indicate profound exhaus- 
tion of the heart muscle and diminished reserve, and the risk is then so 
great as to permit of imperative operation only. The presence of acute 
coronary disease (apt to be confused with some acute abdominal 
lesions such as cholecystitis) is an absolute bar to operation. 

With regard to hypertension, a persistently raised diastolic pressure 
is of more adverse significance than a corresponding rise of systolic 

VOL. HI. — B * 
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the added rise of pressure produced. With nitrous oxide, cyanosis 
and venous congestion are to be avoided ; with ether, so great a 
concentration as would irritate the respiratory passages. 

Similar care is needed in the stage of recovery from operation. 
Mental rest and relief of pain are important in their reflection upon the 
heart’s action. Convalescence must not be hastened, as it is usually 
found that the cardiac reserve is to some degree lessened by a major 
operation. 

In assessing cardiac risk, the need must not be overlooked of simul- 
taneous investigation of correlated systems, such as the renal or hepatic, 
for adequacy of function. 

(2) Respiratory affections. 

As with the heart, the respiratory tract can never safely be omitted 
from a review of operative risk. The question of pulmonary complica- 
tions having already been considered in some detail (see Vol. II, page 
2001), only a brief outline of the main factors concerned need be given. 

Failure of recovery from operation through a respiratory disaster 
is most often brought about by the development of on intercurrent 
broncho-pneumonia ; less often pulmonary suppuration is the cause, 
and occasionally a severe embolism. In some circumstances, the 
possibility of these dangers may be recognised beforehand from a 
knowledge of preceding or accompanying pulmonary disorder or other 
predisposing factors. These may lead to postponement or avoidance of 
non-urgent operation, or to adoption of special precautions in anaesthesia 
and post-operative conduct of the case. Factors adversely influencing 
surgical risk from the pulmonary aspect include the following : 

(a) Age. There is a special liability in the veiy young and in the 
aged to bronchial and pulmonary infection. Maintenance of body 
warmth is the best safeguard. 

(&) Habitus. Obesity is an added liability, in virtue of its mechanical 
burden upon respiration, with impaired mobility of the diaphragm 
and ineffectiveness of cough. 

(c) Previous respiratory affection. No patient with a common cold 
or active bronchitis should be operated upon except in emergency. 
The risk is definite and neglect may be serious. Anaesthesia is less 
well borne, danger of downward spread of infection to the lungs not 
inconsiderable, and the strain of coughing may cause stitches to burst 
or hfematomata to form, and in any case rest and recovery are impaired 
by the pain and discomfort produced. When operation is essential, 
irritant anaesthetics are to be avoided. 
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The patient with asthma and chronic bronchitis, usually with 
associated emphysema, should, where possible, be operated upon in 
the summer rather than the winter months to diminish the chances of 
superadded infection. Where feasible, preliminary respiratory exer- 
cises and massage, aimed at mobilising the thoracic cage and improving 
diaphragmatic excursion, will repay the patient in lessening his handi- 
cap and the risk of post-operative chest troubles. Severe emphysema 
may be an indication for local or spinal anrestliesia. 

As regards operative technique, the insertion of additional support- 
ing sutures in such subjects is a wise precaution, together with their 
retention for an added period to minimise the risk of their yielding 
from cough. Post-operative care will include the use of suitable 
stimulating expectorants and the avoidance of depressing drugs ; 
atropine especially is of prophylactic and therapeutic value. 

Reactivity of latent phthisis after operation is still a cause of 
disappointment, or worse, as regards the final result. Where suspicion 
is aroused from the previous history, skiagrams of the lungs will indicate 
need for suitable anaesthesia if operation is still desired. Inhalation 
anaesthesia may be replaced by basal narcosis or spinal analgesia, or 
irritant vapours at least avoided. Similar precautions will be required 
in the presence of chronic non-tuberculous lung disease, such as pul- 
monary fibrosis or bronchiectasis, where this complicates, say, an 
abdominal case. 

(d) Nature of proposed operation. The nearer the site of operation 
to the diaphragm, as with a high abdominal section, the greater the 
risk of pulmonary sequela) from trauma and inhibition of its move- 
ment. Thus pulmonary collapse and broncho-pneumonia occur most 
frequently after such operations as cholecystectomy or gastrectomy. 
The need is evident, therefore, for avoidance of unnecessary bruising 
or stretching of tissues, and for promoting free basal expansion in the 
post-operative stage. In this respect carbon dioxide is the most valuable 
stimulant to respiration available, while mechanical restraint from 
bandaging must be minimised. 

(e) Aspiration of infective material . Inhalation of contaminated 
secretions under anesthesia is the chief cause of post-operative abscess 
of the lung, and a contributory cause of broncho-pneumonia. Any 
obviously septic lesion in the mouth or throat, such as infected teeth or 
tonsils, should, wherever possible, receive attention and be eradicated 
before a major operation is performed. When the operation field is 
itself in the region of the upper respiratory tract, blood or infective 
material must be prevented from entering the bronchi by means of 
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suitable posture of the patient, and by the adaptation of anesthesia to 

include removal of all local secretions by mechanical suction. 

The above considerations apply to the risks of general surgery 
from thoracic complications. A review of the subject would be incom- 
plete without mentioning another aspect, namely, the question of 
operative risk as applied to thoracic surgery itself. Perhaps this 
generalisation may be allowed — that if thoracic surgery is to make its 
legitimate progress and to keep pace, say, with the advances of abdom- 
inal surgery, then risks must be expected and braved in this developing 
stage of its history. The possibilities of surgery have recently been 
directed to a number of formerly incurable medical conditions of the 
chest, such as unilateral bronchiectasis or fibrotic phthisis with per- 
sistent cavitation, and some cases of pulmonary new growth, and by 
well-designed tlioracoplastic or lobectomy operations dramatic cures 
have ensued. In such established states the outlook from medical 
treatment is so poor and life so restricted that it is justifiable to take 
the risk, assuming that the case conforms to certain requirements. 
It is reasonable, moreover, to expect that with further advances in 
surgical and anaesthetic technique these risks, now admittedly great 
in many instances, will be progressively lessened. Such aids as the 
oxygen-tent are already not without effect. 

Medicine and surgery in chest diseases are rapidly becoming more 
and more complementary to one another. Thoracoscopy, division of 
adhesions, bronchoscopic diagnosis and therapy, adaptations of tech- 
nique for empyema treatment, all instance the close interrelation of 
medicine and surgery in this sphere. 

C. Risk from the Renal Aspect 

Turning attention from the chest to the abdomen, the state of the 
kidneys as regards functional efficiency must pass the surgeon’s survey, 
both from the general aspect and more particularly where a genito- 
urinary operation is contemplated. The simplest observations, never- 
theless of great value, are made from a careful examination of the urine, 
noting especially the amount passed, specific gravity, and presence of 
albumen, pus cells, red blood cells or casts. This examination, which 
should be an invariable routine before any operation, would at once 
exclude from the danger of elective surgery cases of active nephritis 
or gross urinary infection. 

In gross renal disease the operative risk is high, and the means 
available to Tetluce it are but meagre. In acute nephritis any operative 
procedure is undesirable, since the degree of renal damage is thereby 
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sure to l>c further increased. A word of caution is needed here, as until 
acute rheumatic infection, against the too hasty removal of tonsils 
after acute inflammation, or a vigorous or extensive eradication of 
septic foci, dental or otherwise, procedures liable to be followed by 
diffuse or focal inflammation of the kidney in its attempt to excrete 
organisms or their toxins swept into the blood stream at operation. 

Chronic parenchymatous nephritis constitutes a risk so grave that 
wherever possible alternative means of treatment to operation should 
be adopted. Renal oedema and susceptibility to infection go hand in 
hand, and acute pericarditis, pleurisy or pneumonia is a not unlikely 
sequel, if the other danger of anarsarca and suppression of urine is 
escaped. 

Chronic interstitial nephritis is a less serious risk, the dangers in 
marked cases being from unemia or from vascular accident such as 
cerebral hiemorrhagc. 

AVhcrc operation must bo performed in spite of the handicap of 
nephritis, the renal function must be improved as far as possible by 
adequate rest, removal of toxic contributory causes, restriction of 
protein intake, giving of alkalis and liberal fluids (apart from (edema), 
and free excretion by the bowel. 

Operation on one kidney, c.g. for calculi, demands, first of all, 
separate investigation of the function of both kidneys, as by collection 
of ureteric specimens of urine, cystoscopic inspection of the passage 
of special dyes from each ureteric orifice, or X-ray examination after 
injection of radiologically opaque substances (e.g. uroselectan-B) 
excreted by the kidney. One sound kidney is adequate to withstand 
any ordinary surgical risk ; a previous nephrectomy for accidental 
injury, for example, need not be considered a bar, such is the normal 
renal reserve. 

Cases of enlarged prostate with retention of varying degree, upon 
whom operation is contemplated, need perhaps the greatest care in 
determining as far as possible the renal reserve. How meagre at best 
are the available methods is well recognised, and linked up with the 
vast normal reserve of the organ. The urea-concentration test is on this 
account of little value. Estimation of the blood urea is of somewhat 
greater reliability, though still capable, by an apparently normal result, 
of giving a misleading prognosis in some cases. A figure above 40 mg. 
per 100 cc. indicates some renal damage, while above 60 mg. the 
surgical risk of a one-stage operation is high, and preliminary bladder 
drainage indicated. The most satisfactory test available is estimation 
of the Blood Urea Clearance (Yan Slyke), any reading below 60 per cent 
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of normal signifying damaged renal function and carrying witli it a 
poor surgical risk (see Yol. I, page 135). 

The value of the much-neglected ophthalmoscopic examination of 
renal cases may be mentioned. The presence of albuminuric retinitis 
may indicate more clearly than any chemical test an impending uremia. 
As already pointed out, the cardio- vascular system cannot be divorced 
from the renal and must be simultaneously investigated. 

A few points are worthy of consideration relating to medical aspects 
of primarily surgical conditions of the renal system. In connection 
with genito-urinary tuberculosis, the frequency should be borne in 
mind with which these lesions are secondary to pulmonary tuberculosis, 
and an X-ray examination of the chest never omitted, even in the 
absence of physical signs. Both as regards anresthetic precautions and 
possible tuberculin treatment, this investigation is of value. In the 
former case lighting up of disease may follow ether inhalation ; in 
the latter a great risk is present of an acute allergic dare of activity in 
the lungs, and tuberculin injections should he sedulously avoided. 

In any condition of apparent unilateral hydronephrosis the pos- 
sibility is to be remembered of its being in fact a congenital cystic 
disease of the kidney confined in the early stages, as is not very 
uncommon, to one OTgan only. The symptoms in polycystic disease 
are those of chronic interstitial nephritis, as are the urinary and cardio- 
vascular changes. Removal of the one kidney will but shorten the 
resistance of the other, should this subsequently become affected. 

Chronic cystitis or pyelitis, under-explained from the surgical 
aspect, should always cause attention to be directed to the nervous 
system, to exclude its being a trophic lesion associated with spinal 
cord disease, such as tabes dorsalis, myelitis or disseminated sclerosis. 
A similar cause may account for obscure bladder pain, strangury, and 
delayed or precipitant micturition. 

A point of difficulty sometimes met with in differential diagnosis is 
worthy of note. Renal embolism in medical conditions is apt to be 
confused with renal colic, each being associated with shock, sudden 
pain in the loin, and hrematuria. Investigation of the heart will indicate 
the source of infarction. The not uncommon occurrence of renal pain 
and hrematuria from passage of oxalates is another source of confusion, 
and an inquiry as to the taking of strawberries, rhubarb, spinach or 
tomatoes may give the clue in diagnosis. 
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D. Surgery of the Biliary System 

If roniil function is difficult to determine, hepatic function is doubly 
so. The known tests have on occasion failed to demonstrate damage 
when post-mortem examination has revealed, for example, replacement 
of two-thirds of the organ by growth. 

The clinical condition is the best guide where the safety or otherwise 
of operation is at issue. Chemical tests of the urine for bile-salts and 
pigments and for urobilin may, if required, be supplemented by 
examination of the blood for its Van den Bergh Reaction and Icterus 
Index. The ability of the liver to store lccvulosc and galactose may be 
determined, together with its capacity to eliminate special dyes by the 
biliar}* passages, cholecystography being a special application of this 
method. Finally, where desired, the secretion of the liver may be 
directly examined by duodenal intubation. 

The main risks to the surgeon arise in conditions of obstructive 
jaundice, when the hepatic metabolism is upset by damming-up of the 
liver cells with bile. Other conditions where operation is dangerous 
include cirrhosis of the liver, with portal obstruction and its accom- 
panying venous stagnation and ascites, and states of toxic hepatitis, 
whether from drugs, chemical poisons or infection. 

The risks of jaundice are chiefly two-fold, namely, haemorrhage and 
post-operative acidosis or cholccmia, described in a previous section 
(see Vol. I, page 748). Estimation of coagulation-time of the blood 
gives some index of the former risk. 

Chronic obstructive jaundice is of itself an indication for surgery 
when it may by such means be relieved, so great is the danger of liver 
failure if obstruction be allowed to remain. Preliminary treatment will 
be dietetic, by restriction of fats and giving of abundant bland fluids 
and glucose, with cholagogues and saline aperients, simple diuretics and 
alkalis. Glucose may, if desired, be given by the bowel, or intraven- 
ously in 5 to 10 per cent solution in saline, while its rapid utilisation is 
aided by giving 10 to 20 units of insulin at the same time. The danger 
of hcemorrhage at operation is lessened by administration of citrates 
in full doses for a few days previously, with injections of calcium 
gluconate, while a pre-operative blood-transfusion is also of value. 
Shock is common with liver damage, owing to the reduced ability of the 
organ to detoxify the histamine-like substances produced by trauma, and 
intravenous injection of 6 per cent gum saline may help to counteract 
its effects. The choice of anaesthetic must be that least toxic to the 
liver cells and least disturbing to their carbohydrate metabolism, 
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preferably ether or gas and oxygen in conjunction with a local 

anaesthetic. 

The gall-bladder is an organ of both medical and surgical interest. 
From the medical standpoint it is probably one of the most frequently 
overlooked foci of general intoxication. Its affections are, moreover, 
not always easy to diagnose from thoracic disease. The ease with which 
the pain of chronic cholecystitis may be mistaken for angina deserves 
special recognition, while the reverse is also true in that an apparent 
biliary colic may, in fact, originate from coronary infarction. The 
liability of a tender, congested liver being interpreted in error as chronic 
cholecystitis may also be mentioned. 

There is, moreover, a special tendency for clironic infections of 
the gall-bladder to bring about a toxic degeneration of the heart 
muscle. Care of the heart in gall-bladder operations is thus particularly 
indicated. 

With regard to cirrhosis of the liver, the need for its exclusion is 
evident before any operation is carried out for haemorrhoids or haemat- 
eraesis. Treatment, moreover, of ascites from this cause by short- 
circuit operations is seldom a justifiable undertaking. The risks of 
infection, portal thrombosis and cholsemia are grave. 

E. Metabolic Disturbances : Diabetes Mellitus 

The surgical risks peculiar to the diabetic subject are of two kinds. 
In the first place, there is in this disease a special liability to a group 
of complications of surgical significance, dependent upon a combination 
of vascular or trophic disturbance with metabolic upset. These 
include gangrene, skin sepsis, trophic ulcers, and cataract, each of 
which needs appropriate modifications of treatment. 

The second group concerns the added risk of diabetes as it affects 
general abdominal or major surgery. This has already been reviewed 
in a previous section (see Yol. I, page 7 90), and a brief summary will 
therefore suffice. Whereas prior to the discovery of insulin the 
dangers of surgery were maximal, it may now fairly be said that, given 
reasonable facilities and time for pre-operative treatment, the additional 
risk is slight. 

The principle in operations of choice is that the patient should, by 
generous feeding and liberal use of insulin, be got into the best physical 
condition to withstand operation, with carbohydrate metabolism so 
balanced that no glycosuria or acidosis is present and the blood sugar 
is at a normal level. Any preliminary septic factor is treated where 
possible. 
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Immcdiatel}' before operation is carried out, an adequate reserve 
of sugar in the liver is ensured by giving glucose and insulin in appro- 
priate amounts, continuing the same care in the post-operative phase, 
controlled throughout by blood-sugar and urine tests. Operative 
trauma is reduced to a minimum and a suitable choice of anaesthetic 
made, commonly gas and oxygen, with basal, spinal or local anaesthesia 
also if desired. Special watch is made for hypoglycccmia in the recovery 
stage. 

Acute abdominal (or other) surgical emergency in the diabetic 
produces more profound disturbance of metabolism — perhaps coma, 
and the dangers and diflicultics of treatment are correspondingly 
mcrcased. Diagnosis itself may be obscured. Necessary surgery is not 
to be shirked or postponed, even in the presence of coma. The prin- 
ciples of conduct of the case arc essentially as outlined above, except 
that far larger doses of insulin and glucose are required. It is also no 
less important to give abundant fluids, in order to counteract 
previous dehydration. 

F. Endocrine Disorders 

(1) Surgical aspects of hyperthyroidism. Whether or not in toxic 
goitre the primary disturbance is within the thyroid gland, the most 
successful means of treatment available still remains a partial thyroid- 
ectomy. The proportion of established cases permanently restored to 
health by medical treatment alone is small, and the recent trend of 
opinion is to refer an increasing number of cases to the surgeon, and at 
an earlier stage of illness. The risks of permanent cardiac incapacity 
from thyrotoxicosis and the dangers of operating on the desperately 
advanced case are both thereby avoided. Milder cases may not, how- 
ever, require the aid of surgery, and decision where and when to operate 
is an eminently suitable circumstance for consultation between physician 
and surgeon. 

The previously high mortality of thyroidectomy has been greatly 
reduced by careful choice of case, preliminary medical treatment, 
suitable premedication and anaesthesia, and skilful operative technique, 
the death-rate being now as low as 1 per cent in competent hands. 
Every thyrotoxic patient should first pass through the physician’s 
hands. Before operation is decided upon, complete rest in bed 
should be enforced for at least a month, and contributory sepsis as 
in teeth or tonsils eradicated. The maximum of mental and physical 
rest is obtained with the help of sedatives such as bromide and 
luminal, and an attempt is made to improve the patient’s nutrition by 
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dietary measures. If, ns is not infrequently the ease, auricular 
fibrillation is present, digitalis is given in sufficient amount to 
control the irregularity, larger doses often being needed than those 
customarily adequate in non-toxic fibrillation. An estimation of the 
basal metabolic rate at progressive stages of treatment affords one of 
the most valuable guides to improvement. 

Where the results of preliminary rest and medical treatment point 
to the need for surgical intervention, the B.M.R., for example, remaining 
above 50 per cent of normal, the patient is given iodine by mouth to 
produce a phaso of remission optimum for surgery. The giving of 
LugoTs iodine (6 per cent iodine with 7*5 per cent pot. iodide in distilled 
water) in doses of 5 minims t.d.s. in milk, for a period of two to three 
weeks, ensures the maximum of remission. This is the correct use of 
iodine in toxic goitre, and.not indiscriminate dosing for months or years 
on end. On the day prior to operation, and on the subsequent two dap, 
double this dosage is given by mouth. 

Apprehension on the part of the patient is minimised by basal 
premedieation, while the most satisfactory anrcsthetic is gas and 
oxygen combined with local infiltration of novocainc. Immediately 
after operation one drachm of Lugol’s solution is given per rectum in a 
glucose-saline enema and repeated at intervals as may seem necessary. 

Occasionally, operation is followed by an acute thyrotoxic crisis, 
shown by restlessness, delirium, rising temperature, extreme tachy- 
cardia, and sometimes vomiting and diarrhoea. In these circumstances, 
drachm doses of Lugol’s solution may bo repeated six-hourly by the 
rectum, or in emergency 20 minims of the solution given intravenously 
at the same interval, diluted in 10 cc. of saline or given with n 5 per cent 
glucose-saline infusion. Rapidly acting cardiac stimulants such as 
coroutine, with digitalin, may be required, and full doses of sedatives ; 
if bromide and chloral hydrate are inadequate, morphia should be given 
without hesitation. 

After the operative phase, iodine by mouth should he continued for 
two to three months in the form of Lugol’s solution, 5 minims twice 
daily, A spontaneous return of the fibrillating heart to normal rhythm 
is frequent ; if necessary, quinidinc may be given. Abnormal rhythm 
is never a contra-indication to surgical treatment, nor even heart 
failure if due primarily to the goitre. 

Consideration of the thyroid gland in its relation to medicine and 
surgery would be incomplete without reference to the value, in some 
cases of gross congestive heart failure unresponsive to medical treat- 
ment, of total removal of the thyroid gland. The lowering of basal 
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metabolism so obtained gives the circulation in such cases a further 
chance of improvement. 

(2) Other endocrine disturbances. With other endocrine glands 
questions of medicine and surgery overlap to a much less extent. 
Suprarenal tumours may masquerade ns medical cases and come under 
observation for obesity or hirsutism, while removable tumours of the 
pituitary are generally first seen by the physician. In both instances, 
although the risk is high, operation is the correct advice. 

Tetany sometimes occurs after operation for removal of a para- 
thyroid tumour, anti treatment consists in administration of para- 
thyroid extract and of calcium salts by intravenous injection. 

Unexplained surgical death is sometimes attributed to status 
lymphaticus and the blame placed upon a supposed thymic disturbance ; 
the significance or otherwise of such deductions is reviewed on 
page 4257. 


G. Medical Considerations in Gastric Surgery 

No attempt is made here to review this vast and interesting subject. 
In no section of therapeutics is a greater co-operation to be desired 
between physician and surgeon. One would make the general plea, in 
these days of rapid change, for peptic ulcer still to be regarded as a 
medical disease, in which surgical co-operation is to be desired in well- 
defined circumstances. While not doubting the successful progress of 
gastric surgery, every case should nevertheless be given the opportunity 
of an adequate trial of medical treatment in the first instance. Failure 
of such medical treatment to make the patient’s life bearable, 
doubt as to malignancy, or the occurrence of special complications 
may then all severally justify surgical intervention. (See also Vol. I, 
page 2D7.) 

The value and place of histidine in the treatment of peptic ulcer 
awaits further trial, but the results so far have proved disappointing. 

A second plea is for torrential hsematemesis to be treated invariably 
by medical rather than by suTgical means. Operation at such a stage 
of illness is fraught with danger. 

In evaluating the operative risk in any given case of chronic peptic 
ulcer, the factors to be borne in mind are the duration, position, size, 
and fixity of the ulcer, and any doubt present as to its possible malig- 
nancy. The general condition of the patient is a further deciding factor, 
and should always be improved as much as possible before operation 
is undertaken. Special knowledge of gastric surgery, skill in technique 
and care in anesthesia frequently determine the issue. 
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in haemorrhagic purpura is usually followed by recrudescence, perhaps 
with fatal haemorrhage — a further reason against delay. 

(4) Ollier conditions t cith splenomegaly. Gaucher’s disease in infants 
has sometimes been treated by splenectomy, but the late results are 
disappointing, as shown by Pick and Maingot. In other conditions 
associated with enlargement of the spleen and blood changes, including 
leukaemia, pernicious anaemia, and lymphadenoma, no lasting benefit 
has been shown to accrue from removal of the spleen. In doubtful 
cases of glandular enlargement, surgical biopsy of a gland may, however, 
be of great value. 

In conclusion, and reviewing the question of surgical risk as a whole, 
the lesson of history must not be forgotten. Fifty years ago it was 
generally fatal to open the abdomen. A craniotomy for cerebral tumour 
provided a short-cut to the post-mortem room. Now recover}' has 
followed the removal of the entire stomach, the whole of one lung, or 
an entire lobe of the brain. Although, alas, we are told by some that 
surgical technique has reached its zenith of achievement, it is, however, 
scarcely conceivable that either surgical or anaesthetic skill has attained 
a stage no longer consistent with further progress. 



PART XVIII 

HERNIA 


by 

\V. Heneage Ogilyie 

CHAPTER I 
Introduction 

Chapter II 
Inguinal Hernia 

Chapter III 
Femora! Hernia 

Chapter IV 

Hare Hernia? in the Pelvic Hegion 

Chapter V 
Umbilical Hernia 

Chapter VI 
Incisional Hernia 



HERNIA 


CHAPTER 1 
Introduction 

A heunia is the displacement of an organ from the cavity in which it is 
normally contained through an opening in the walls of that cavity. 
l*or the present purpose herniation of the abdominal contents only 
will be considered, and discussion will be limited to the more common 
and important varieties. The opening through which a hernia occurs 
is usually cither a natural foramen or channel through which blood- 
vessels or other structures leave the abdomen, or the site of some 
injury. Tims the common sites are the inguinal and crural canals, the 
umbilicus, and the scars of operations. Under conditions, however, 
in which prolonged or repeated increase of abdominal pressure coincides 
with general wasting, almost any of the fibrous junctions in the 
abdominal wall may give way. Such anomalous hernias may be found 
in the very old and debilitated inmates of public institutions, who throw 
the strain of constant coughing on abdominal walls shrunken to paper 
thinness ; in such it is not uncommon to find four distinct hernire 
in each groin, protrusions through the linea semilunaris and under 
Poupart’s ligament lateral to the femoral artery, in addition to the 
more common inguinal and femoral ones. 

A patient will sometimes present himself with a large hernia which 
has clearly been in existence for a considerable time, but which has only 
been noticed accidentally by him within the last few days. Another will 
say that he lias known of the swelling for several years but it has given 
him no trouble whatever, and he has only sought advice because his 
employers insisted on it or his friends advised it. Usually, however, 
some disability is occasioned from the start. But in any case, whether 
the hernia is causing trouble or not, when a surgeon discovers it, he is 
bound to advise control or cure, that is, some retentive or protective 
apparatus or an operation. For no hernia left to itself will undergo 
cure, remain stationary, or even be tolerable for any length of time. 
The hernia itself is the result of abdominal pressure acting on a weak 
spot, and abdominal pressure is a constant force, maintaining the 
position of the viscera, keeping up the flow of blood in the great veins, 
and aiding the return of the diaphragm after its descent. Ifc is increased 
3599 
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to expel the contents of the abdominal or thoracic viscera, or to fix the 
trunk as a base for the limbs — that is, in vomiting, micturition, defeca- 
tion, parturition, coughing, or muscular work. With this force con- 
stantly acting, any hernia is hound to increase in size, while the hernia 
in turn will tend to inhibit and interfere with abdominal movements and 
give a feeling of insecurity during any strenuous exertion. To these 
disabilities is added the danger of strangulation, present at all times in 
some hernia?, but only appearing later in others. No hernia, therefore, 
may safely be disregarded, and some form of treatment should be 
insisted upon as soon as the diagnosis is certain. 

Because it is inherent in human nature to avoid any course of action 
which involves risk, pain, or loss of time, a great many patients will 
wish first to discuss the question of a truss. The brilliant results of 
operative repair in hemire of moderate size are sufficiently well known 
to-day to induce the majority of young and active men to demand 
surgery, but on the other side are the skilfully worded advertisements 
of those who claim to “ build up the tissues ” by simple apparatus, 
so that very often the surgeon is called upon to state simply the pros 
and cons of treatment by apparatus. In very general terms it may be 
said that apparatus is not curative but merely retentive, and must 
therefore be worn permanently, not merely all the patient’s life, but 
at all times of the day and night. It is therefore irksome to an extent 
that varies with the sensibility of the patient, the type and strength 
of the apparatus that he requires, the nature of his work, and the 
delicacy of his skin. It is only effective if it is made exactly, worn 
constantly, kept in repair, and renewed when weak. It is more effective 
in some type of hernia? than others, but in all it is liable to produce some 
degree of pressure atrophy in the tissues upon which it rests, and 
therefore to become less effective with time. On those general grounds 
alone, the adoption of apparatus should be strongly discouraged 
in the young and healthy. 

Two particular questions aTe often asked : “ Can a truss cure a 
hernia ? ” and “ Can a truss retain a hernia, prevent it enlarging, 
and allow work in reasonable comfort and without the risk of 
strangulation ? ” 

Cure is possible in the inguinal or umbilical hernia? of infants, but 
in these alone. A congenital inguinal hernia is due to persistence, in 
whole or in part, of the processus funicular! s or the canal of Nuck, 
diverticula from the cmlomic cavity which normally remain patent till 
just before birth. Their persistence after this somewhat arbitrary 
date is evidence of delay, but not necessarily of failure in the process of 
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obliteration, which may still take place naturally some weeks or even 
months later if allowed to do so. For such a natural cure it is necessary 
that the sac should bo, and remain, empty. A tmss must, therefore, be 
worn continually day and night for the first year. If the hernia comes 
down during this trial period, any possibility of closure is probably lost, 
and if it appears after the end of a year when the truss has been left 
off, it is highly improbable that natural closure can then take place. 

An infantile umbilical hernia is an acquired defect, due to stretching 
of the newly formed cicatrix. If protrusion of abdominal contents is 
prevented by a suitable binder and pad, the scar tissue will contract 
once more and become strong, and a natural cure will result. Such a 
cure may confidently be expected by the end of six months in the great 
majority, but may take place up to eighteen months. After this time 
it is, however, unlikely. 

It is theoretically possible that the prolonged wearing of a tmss 
might bring about the natural cure of an oblique inguinal hernia, even 
in adult life, by the formation of adhesions between the walls of the 
sac at i ts neck obli tcrating the internal ring. 1 1 is, however, excessi vely 
unlikely that such adhesions would occur exactly at the ring or that they 
would completely obliterate the lumen. They are usually between the 
sac wall and its contents, and not at the commencement of the sac, but 
half an inch or so further down, where its walls arc pressed together 
by the pad ; further, they are usually bands or partial adhesions. Such 
attempts at repair have no value in preventing the entry of the 
abdominal contents into the sac, but rather favour strangulation 
when they do come down. 

The second question, whether a truss can retain a hernia with 
comfort and safety, can only be answered with regard to particular 
hernia*. 

OBLIQUE INGUINAL HERNIA 

If the hernia is an early one, that is, whatever its size, if the neck is 
small, the internal ring neither stretched nor displaced inwards, and 
the muscles good ; in other words, if the hernia, when reduced with the 
patient standing, will not come down again unless he coughs, strains, 
or walks about, it can be retained with certainty by a well-fitting truss 
against any but the most violent straining efforts. On the other hand, 
this type of hernia is usually seen in young healthy men, and is one for 
whose cure only a simple type of operation is necessary, and in which 
a permanent cure is almost certain. In proportion as the hernia is old, 
the internal ring enlarged, the muscles weak, or the patient’s occupa 
tion strenuous a tmss will be less effective. The continual wearing of 
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a truss over an oblique inguinal hernia tends in time to produce atrophy 
of the inguinal muscles, thickening of the sac near the internal ring, 
and adhesions between the sac and its coverings and contents. Such 
changes have two results. Abdominal contents coming down into a 
hernia pressed on bv a truss are much more likely to become strangu- 
lated than where no truss has been worn ; and an operation when it is 
required cannot rely upon simple removal of the sac, but must include 
some plastic manoeuvre to strengthen the inguinal canal. 

DIRECT INGUINAL, HERNIA 

A direct hernia, unless it is really large, is particularly suitable for 
a truss. It appears late in life, it tends to enlarge very slowly, and it 
can be retained by the simple backward pressure oi a pad, and when 
retained will not increase appreciably over many years. The sac is 
wide-mouthed, and there is no tendency for adhesions to form in or 
around it, or for contents to be trapped in it. It will be foimd that 
many seamen and general labourers are able to carry out their strenuous 
callings wearing double inguinal trusses for direct hernia without any 
appreciable loss of efficiency. Here, then, a truss is effective and 
safe. Operative repair, on the other hand, implies some fairly elaborate 
method of reconstruction, whose permanent success cannot be 
assured with complete certainty. 

FEMORAL HERNIA 

While in inguinal hernia a truss is usually effective, and is merely 
discountenanced in many cases because it is unwise, in femoral hernia 
it should only be recommended for most exceptional reasons. The 
hawker of patent apparatus will shout his ability to cure all feinond 
hern'ue ; the instrument maker is always ready to make a femoral 
truss. But a survey of the anatomical factors concerned will throw 
considerable doubt upon the efficiency of any mechanism to control 
such a hernia. The inguinal canal belongs to the trunk, and a well- 
made truss embracing the pelvis will lie securely during all movements, 
and maintain an even pressure on the weak spot. The femoral canal 
is in the tliigh, and all movements at the hip must necessarily displace 
a pad lying over the saphenous opening and attached to a spring or 
girdle encircling the trunk. Even were it possible to maintain even 
and continuous pressure on the crural canal (as it would be, for instance, 
in a patient with an ankylosed hip-joint) such pressure would only be 
effective on tbe fundus of the sac and the distal half of the canal- 
1 The neck of the sac and the abdominal end of the canal lie behind and 
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above Poupart’s ligament, where any pressure, short of that which will 
rupture Poupart’s ligament and obstruct the femoral vein, is powerless 
to prevent the entry of abdominal contents into the hernia. The 
potential dangers of a femoral hernia are far greater than those of any 
other type. Strangulation is commoner, progresses more rapidly to 
gangrene, and is more fatal in its outcome. A truss should never be 
ordered, or countenanced if the patient suggests it, except in those 
rare wide-mouthed and easily reducible swellings, where the age or 
health of the patient prohibits an operation even under local 
antesthesia. 

UMBILICAL HERNIA 

In the umbilical hernia) of infants, a belt with a pad, or even a 
home-made retentive apparatus of strapping, will usually retain the 
protrusion, and will effect a cure by the end of the first year in the 
majority of cases. Here the abdominal wall is normal and unstretched 
right up to the edge of the orifice, there is little subcutaneous fat, and 
the pad will remain in position over the opening and keep the sac 
empty. In adults the state of things is usually different. The whole 
abdominal wall is sagging, the linea alba stretched, the hernial orifice 
a somewhat indefinite opening lying beneath a thick layer of sub- 
cutaneous fat, the sac loculated, and the contents usually reducible 
in part only, if at all. It is difficult to maintain a pad in the correct 
position or to apply its pressure to the ring, and even if the hernia can 
be reduced and kept back, it will slip past the pad with any extra 
exertion or sudden movement of the abdominal wall. Because of the 
liability of these hernise to strangulate, and the high mortality of the 
complication, a truss should only be advised for small and completely 
reducible swellings where the risk oi operative repair is considered 
prohibitive. 

INCISIONAL HERNIA 

The efficacy of a belt depends entirely upon the size and character 
of the hernia. A wide bulge involving the whole scar can usually be 
retained well by a belt alone, or by a belt with a pad over the protrusion ; 
it will not increase in size, and the belt will allow a fairly normal life 
and a considerable degree of exertion. When, on the other hand, the 
sac has a large fundus, with a narrow neck passing through a small 
aperture in rigid scar tissue, control by any form of pad is imeertam, 
and strangulation, on account of the deficiency in the peritoneal lining 
and the many adhesions, is extremely likely. 



3604 


POST-GRADUATE SURGERY 


THE PLACE OF APPARATUS IN THE TREATMENT OF HERNIA 
The foregoing remarks may be summed up as follows : 

(1) A truss should be ordered : 

{a) As a possible method of cure in all inguinal and umbilical 
hernire of infants during the first year of life. Operation 
should only be undertaken during this period for progressive 
increase in size in spite of conscientious use of the truss 
by the mother; for inability to wear the truss owing 
to skin soreness or other reasons; or for threatened 
complications. 

(6) To prevent increase in size and avert the risk of strangulation 
in a ease where operation will be undertaken at a later date. 
In inguinal and umbilical hernia; of infants from the end 
of the first year (after which a cure can no longer be expected) 
till the earliest suitable age for operation (in my opinion 
four years for inguinal, two years for umbilical hernia). 
In oblique hernia in adults, when operation is advised, but 
postponed for social or economic reasons, or on account of 
general or local disease. 

(c) Js a safeguard after an emergency or limited operation, 
which cannot be regarded as a radical cure. In many 
operations undertaken for strangulation, or in the aged 
for threatened strangulation, the sac is removed, but the 
measures that would appear necessary to render the canal 
proof against yielding in the future have not been carried 
out because of the condition of the patient. In such cases 
a truss with quite light pressure is usually sufficient to 
prevent a recurrence. 

(</) As the only jx)ssiblc safeguard in all reducible hernia; when 
operation is out of the question. 

(2) A truss may be permitted iu most direct inguinal and many 
incisional herni®, and in oblique inguinal hernia where the 
patient is a poor operative risk. 

(3) A truss should be discouraged in oblique inguinal hernia if the 
patient is healthy. 

(4) .1 truss is dangerous in femoral hernire, in the umbilical hernue 
of adults, and in incisional hernia; with a small rigid opening and 
a large sac. 



HERNIA 


3005 


GENERAL PRINCIPLES IN THE OPERATIVE REPAIR OF HERNIA 

Tile basic principles of hernia surgery are simple — the removal of 
the sac at its neck, and the closure of the hernial canal at its commence- 
ment. Of these two demands the second is the more important. There 
may be no sac, the sac may have no neck, or it may be so short and 
wide that its removal is unnecessary ; but, except in certain instances, 
secure closure of the hernial orifice is an indispensable step without 
which the removal of the sac is of no more than temporary value. 

The chief exception is an oblique inguinal hernia with a congenital 
sac into which contents have only recentlj' and occasionally descended. 
In such there is no “ hernial canal ” or hernial orifice ” in the sense 
of an abnormal opening. The internal inguinal ring is a normal 
aperture and only becomes abnormal when it is stretched. In a hernia 
of the type under discussion the only abnormality is in the structures 
passing through the ring; there should be vas, vessels and nerves 
only, but in such a case there is, in addition, a collapsed peritoneal 
pouch. If the pouch is entirely removed, all abnormality is removed 
with it, and the inguinal region becomes normal. 

In all other cases, however, the opening is an abnormal one, which 
must be securely closed after removal of the sac. The method required 
for closure will depend upon the size of the opening and the nature 
and power of repair in the tissues which bound it. In some cases the 
tissues in the neighbourhood, drawn together by absorbable sutures, 
will provide satisfactory repair ; in others, some such closure must be 
reinforced by drawing down adjacent tissues or turning in flaps from 
structures in the neighbourhood : in others, free transplants of living 
connective tissue from some other part oi the body may he used to 
repair the defect ; in others again, unabsorbable foreign material 
may be used. The principles alone of these different methods can be 
discussed here ; their detailed application must be left to the considera- 
tion of individual her nice. 

In most surgical operations catgut is used to-day for all deep 
sutures. Its value is that when its work is done it is entirely absorbed, 
leaving nothing but living tissues at the site of operation. It must 
be remembered, however, that the work of catgut, indeed of all sutures, 
is one of approximation only. No sutures, even unabsorbable ones, 
can keep tissues together against tension tending to separate them, 
for more than a short time. In the face of continued tension, sutures, 
if not absorbed, will cut out, and the parts will return to their original 
site unless they are fixed by the permanent agency of living connective 
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tissue. Thus there is little value in the stouter sizes of catgut ; indeed, 
in this material size is little indication of strength. In my experience 
No. 0 and even No. 00 is usually as strong as No. 1, and the sizes above 
No. 1 are often weaker and more unreliable than the finer ones. 
Moreover, catgut, though it can be absorbed, is a material not received 
kindly by tissues. It produces considerable reaction, as any surgeon 
who has been obliged to reopen a wound for any purpose during the 
first ten days after suture will have been able to ascertain for himself. 
In the presence of infection, it resists absorption, and prolongs local 
sepsis till it is discharged. 

Kangaroo tendon provides an absorbable suture material of greater 
strength than catgut. While this strength gives it a place in bone 
surgery, it is very doubtful, for the reasons given above, whether the 
parts concerned in hernia repair should ever be subjected to a tension 
which cannot be exerted by sutures of No. 1 catgut. In my opinion 
the bulk of kangaroo tendon, and the insecurity of knots made with it, 
prohibit its use for this class of work. 

The use of free transplants of connective tissue is old in surgery, 
but the investigation of factors concerned in their successful application, 
and the development of a satisfactory technique, is the work of Gallie. 
He showed that connective tissues, when transplanted free to another 
part of the body under aseptic conditions, remain alive, and after 
undergoing a transient inflammatory reaction, regain their original 
microscopic appearance. Thereafter they remain unchanged, retaining 
their strength and structure indefinitely. They become united to 
their surroundings by fibrous tissue. If this is abundant, as when the 
edges of the transplant and its bed are scarified or when non-absorbable 
sutures are used, the union will be firm ; if the connective tissue is small 
in amount and subjected to strain, the union between the graft and its 
bed will become stretched. By using strips of fascia woven into the 
receiving tissues instead of patches stitched to them, the graft becomes 
incorporated with its bed by a living union and displacement is 
impossible. 

Gallie sutures are usually taken from the fascia lata on the outer 
side of the thigh. The original technique is to make an incision about 
12 inches long down to the fascia lata, reflect the superficial fascia back- 
wards and forwards for the requisite distance, and cut parallel strips 
J-inch wide from the fascia. When the gap following removal is not 
much over an inch wide, it may be closed with interrupted stitches of 
catgut. If, however, the edges can only be got to meet with considerable 
tension they should be left unclosed. Direct exposure of the fascia is 
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time-consuming, anil occasions a certain loss of blood. By transferring 
this part of the operation to an assistant, who cuts the strips while the 
surgeon prepares the hernia, and closes the thigh while he inserts them, 
both disadvantages are minimised, but a large scar remains in any case. 
Instruments whereby the strips can be cut through small transverse 
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incisions at either end of the ilio-tibial band arc the most obvious 
solution. The difficulty to be overcome is that, unless the fascia is 
cleared of other tissues on both its surfaces, it will not separate easily 
into neat parallel strips. The early fasciatomes used to bring out 
ragged irregular wisps with fat and muscle adhering ; modern ones, of 
which Small’s (fig. 1981) is an excellent example, are entirely satisfac- 
tory. Clean regular fascial sutures of full length can thus be cut with a 
minimum of trauma, and open exposure will only be used when the 
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surgeon is not provided with the apparatus, or when he wishes to get 
the maximum number of strips from one limb, or one or more of 
extra width. There is, of course, no particular merit in the fibres of 
the ilio-tibial band, beyond their length and number. For limited opera- 
tions, suitable aponeurotic strips may often be cut from tissues in the 
immediate neighbourhood of the operative field. In the repair of 
inguinal hernife such strips may often «be obtained from the external 
oblique aponeurosis. The fascial strips are used with special needles. 
Gallie’s (fig. 1982) are flat needles with a half-circle curve and a wide eye 
to take the suture ; Lane’s are of lesser diameter, the eye being replaced 






knot (fig. 1983). AVe usually combine a single loop-knot with trans- 
fixion. When the first suture has been used up a second may be attached 
to it in the same way as pieces of tennis gut are fastened together, and 
the sewing continued. In this way one suture after another may be 
inserted until the opening is completely closed. The suture is finally 
ended by splitting its terminal portion into two strands which are tied 
together about the suture in a triple knot. This knot should be made 
secure by transfixing it with a catgut ligature which will bold its loops 
in contact until they become firmly healed together.*’ 

While fascial suture will solve most of the problems that can possibly 
confront the surgeon in the way of repair, it must be remembered that 
fascia lata, or any aponeurosis transmitting the piill of a muscle, is 
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strong only in the direction of that pull. Its longitudinal fibres are held 
together by very few transverse ones, and large patches, even when 
securely anchored all round, are quite unfitted to take a strain applied 
equally to all their margins. The body, however, possesses in the 
derma a connective tissue sheet of almost unlimited size and strength, 
a felt-work of tough interlacing fibres equally strong in all directions. 
We use derma to sole our boots, cover our saddles, drive our machinery ; 
paraphrased, one of the oldest sayings runs *’ there’s nothing like 
derma.” Relin of Freiburg has shown the many uses to which dermal 
transplants may be put, among others for reconstructing the capsules 



of joints and repairing really large defects in the abdominal wall which 
may follow severe sepsis in operation scars, or the excision of large 
areas for malignant disease. 

A dermal transplant should be cut the size of the defect to be 
covered. After the defect has been defined, a template may be cut in 
sterile jaconet. With a skin-graft razor, of which Htmiby’s pattern is 
the most reliable when large areas are concerned, a Thiersch graft, 
somewhat longer than the dermal patch required, is cut from the outer 
side of the thigh, but left hinged at one end (fig. 1984). The jaconet 
template is applied to the denuded derma, and the required patch cut 
round and dissected off with some underlying fat. The Thiersch flap 
is laid back on the raw surface which remaius, retained in position with 
three or four marginal stitches, and pressed down with a firm dressing. 
The dermal patch is transferred to the defect, the fatty layer towards 
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the surface, the superficial layer downwards, being stitched in position 
with interrupted sutures of silk, or fascial strips. Being to some extent 
elastic it will overlap the margins of the defect all round, and afford 
a wide area by which it will adhere to the underlying tissues. 

Many unabsorbable materials have been used from time to time 
in the repair of hernia, but the majority are of no more than historic 
value. Two only merit discussion at the present time — silver-wire 
used in the form of a filigree, and silk. The silver-wire filigree can he 
obtained in any size ot strength, and may easily be made by the 
surgeon himself, from materials that are everywhere available, to suit 
the needs of a particular operation. It is easily sterilised, is usually 
well tolerated by the tissues, and becomes in time incorporated in a 
dense web of fibrous tissue of which it forms a strong framework. The 
disadvantage of such a filigree is that it is rigid and therefore cannot 
move with parts which, in all hemice, are subjected to movement. 
It is true that in the great majority of cases such rigidity causes no 
recognisable trouble. But, like all unabsorbable materials, silver-wire 
will, in the presence of infection, whether present when it is inserted 
or arriving later by the blood stream at the site of operation, keep up 
the infection indefinitely. The damage which a rigid material may cause 
among moving tissues makes such infection commoner with wire than 
with silk. Sepsis will persist till the foreign body is removed or 
eliminated ; but whereas silk under such circumstances can be dis- 
charged piecemeal through a very small sinus, a silver-wire filigree can 
only come out as a whole. Till this happens it will lie in an abscess- 
cavity, and may cause serious or even fatal damage by eroding a large 
vessel or a loop of intestine. In my opinion the perfection of modern 
methods which depend upon the use of fascial or silk sutures or large 
dermal transplants has left no place for the filigree. It must be admitted, 
however, that some surgeons are very satisfied with the method to-day. 
Any who consider that the use of a filigree may solve some problem in 
the repair of hernia with which they are faced would do well to consult 
the article by Laurie McGavin in the first edition of Choyce’s System 
of Surgery, Vol. II, Chapter II. 

Silk is used much more widely as a suture material on the continent 
of Europe than in England and America. Yet it has very much to 
recommend it. It is more pliable and more than twice as strong as 
catgut of the same diameter. It knots securely ; silk ligatures may be 
cut “ on the knot,” whereas catgut must be cut two or three millimetres 
beyond the knot, which even then will often come undone if subjected 
to intermittent strain. Because of its security, fine silk is employed by 
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many surgeons for the ligature of vascular structures subjected to 
constant movement — notably in thyroid work. Silk, again, is received 
by the tissues much more kindly than catgut, producing no appreciable 
reaction. For this reason it is used almost universally in the exacting 
technique of neuro-surgery. In common with all unabsorbable foreign 
materials, it will keep up any infection which is present when it is 
introduced. Silk should never be applied to any operation where 
infection is feared, as in those on hernise where the skin is sore from the 
pressure of a truss, or excoriated in the folds of a pendulous groin. When 
it is used, special care should be exercised in the arrest of haemorrhage 
and the obliteration of dead spaces in the wound during closure, to 
prevent any blood-borne infection of the tissues later. With these 
precautions silk will be found an excellent servant in hernia surgery. 
Should infection supervene, silk does not aggravate it, but merely 
prevents the healing of the wound. Once an opening has appeared, 
it settles down to a small sinus with none of the signs of inflammation, 
and through this the silk is quietly and painlessly extruded, having 
usually in the meantime done the work for which it was inserted. 

Fascial sutures and silk compete for the surgeon’s patronage when 
he desires to bridge a weak area with a firm sheet of connective tissue 
which cannot yield. Fascial suture may appear to the scientific surgeon 
to have a sounder claim. The material is an autogenous transplant, 
which retains its strength and microscopic structure unimpaired, and 
which is woven into the tissues and becomes incorporated by living bands 
into their substance, which when so incorporated becomes part of them 
and therefore shares their resistance to later infection. The practical 
operator, who is forced to admit that even the teaching of experimental 
animal surgery must be correlated with clinical experience, will also 
remember disadvantages. Fascial suture always adds an operation on 
the leg to one on the hernia ; it adds its time and severity, and almost 
prohibits the use of local anesthesia. In post-operative infection fascial 
strips will slough like any other suture material. Perhaps the most 
obvious disadvantage is the size of the sutures themselves, which must 
be |-inch in diameter. These strips, and the coarse needles required to 
carry them, make a sorry mess of the delicate structures of the inguinal 
canal, particularly Poupart’s ligament, which is very easily separated 
thereby into disconnected longitudinal strips. While admittedly no 
harm appears to result in most cases, the job is not one to please the 
surgeon whose ideal is atraumatic surgery. In my own opinion fascial 
suture is excellent for the repair of tendons, ligaments, and the capsules 
of joints, and of those abdominal defects whose margins are scar tissue 
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or felted aponeuroses — namely, umbilical or incisional liemuc. Where 
any such plastic reconstruction is required in the inguinal and femoral 
canals, I very much prefer silk, used in the same manner as fascial strips — 
that is, as a protecting lattice work and not as an approximating suture. 

I always use Pearsall’s No. 4 Chinese twist silk. This is boiled for 
ten minutes with the instruments, and the length to be used is put 
in 1( ftio flavine solution till it is required. Some surgeons prefer silk 
in paraffin ; because I wish the fibroblasts to work freely between the 
fibres of the silk, and because paraffin is known to give rise to granu- 
lomata and occasionally to sarcomata, I never use this preparation. 



CHAPTER II 
Inguinal Hernia 


THE INGUINAL CANAL 

The post-graduate student is already familiar with the anatomy of the 
inguinal region, and it is only proposed to discuss here those points 
which have a bearing on the principles or technical details of the 
operations which will be discussed later. 

The inguinal canal lies above the inner half of Poupart’s ligament. 
The skin is smooth over the outer part, hairy towards the pul is, 
and at the level of the pubic spine has the rugose surface and large 
sebaceous glands of the scrotum and labium majus. The superficial 


fascia shows the layers of 
Camper and Scarpa ; the latter, 
which is attached to the fascia 
lata of the thigh, must be 
divided with the knife before 
the femoral opening can be 
explored through an inguinal 
incision. A well-marked and 
constant flexure crease caused 
by the flexion of the trunk and 
thighs, and called by the old 
anatomists the line of Venus, 
is seen in this region. It crosses 
the mid-line at the hypogastrium 
about 1 1 inches above the pubis, 
and on each side it curves up- 
wards as it passes out, crossing 
the line of Poupart’s ligament 
in its outer fourth, and fading 
away on the outer side of the 
thigh just below the anterior 
superior spine (fig. 1985). I per- 
sonally prefer to use this crease 
for the incision in all operations 
for inguinal and femoral hernia. 
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It will rightly be urged that cosmetic surgery has no place in the pudendal 
region. But a good scar is more than a matter of appearance ; it is a 
guarantee of comfort to the patient, and an aid to the surgeon who may 
have to operate again in the same region. The standard inguinal 
incision leaves a scar which is rarely sightly, sometimes keloid, and 
occasionally painful ; these drawbacks are partly the result of its direc- 
tion being in the line of tension of the skin, instead of in the line of rest 
as is a crease incision, and partly due to its encroachment at the 
lower end on skin that is sterilised with difficulty. In children the 
crease incision, by removing the stitches and dressings a further f -inch 
from the area of soiling, has very real advantages. 
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The external oblique aponeurosis by its upturned lower border 
forms Foupart’s ligament (fig. 1986), and above this splits to allow the 
passage of the cord into the scrotum. The gap between its fibres is 
usually visible right up to the muscular part, whose margin extends 
horizontally inwards from the anterior superior spine. The pillars 
of the external ring are loosely held together by inteTcolummr fibres, 
hut these are usually weak, and when there is a hernia in the canal, 
both they and the less obvious transverse fibres holding the aponeurosis 
together higher up are stretched. For this reason I have always 
disliked those methods of approach to the inguinal canal which make a 
point of leaving the external ring untouched. I believe that opening 
of the ring by dividing the intercolumnar fibres is necessary, not only 
for atraumatic reflection of the cremaster afterwards, hut also to allow 
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the stretched ring to be sutured back to its normal size. Medially the 
external oblique aponeurosis joins the anterior rectus sheath, but it 
does so a full inch inside the outer border of the rectus muscle, so that 
for this width the sheath is formed by contributions from the internal 
oblique and transversalis only. The internal oblique springs from the 
outer half of Poupart’s ligament, the transversalis from its outer third. 
Both muscles fuse to form the conjoined tendon, which arches over the 
cord to be inserted into the pubic crest and inner inch of the ilio- 
pectineal line. The cremaster arises from the inner half of Poupart’s 
ligament and the lower border of the internal oblique, and descends 
over the cord as far as the testicle in the form of loops. Such is the 
text-book description. In practice these three muscles appear to form 
one system, through which the descending testis has thrust its way, 
carrying an abundant covering of muscle-fibres with it. The internal 
oblique and transversalis cannot be recognised as separate structures 
where they adjoin the inguinal canal, the conjoined tendon is not 
tendinous, and it is impossible to say where the lower border of this 
structure lies or where the cremaster begins. The differing origin of the 
two deeper muscles from Poupart’s ligament appears merely as an 
overlaying of the cord as it emerges from the internal ring by their 
more superficial fibres. The cremaster is that part of the system which 
sweeps over the cord rather than gains insertion into the pelvis. If the 
conjoined tendon is unduly elaborated by descriptive writers, the 
cremaster receives insufficient attention. When this is carefully reflected 
in the inguinal canal of a healthy young man, it is found to be a well- 
developed muscle nearly £-inch in thickness which completely surrounds 
the cord (fig. 1986), not merely covering, but intervening between it 
and the fibrous posterior wall of the canal. The posterior wall of the 
inguinal canal is again a more real structure than text-book descriptions 
allow us to imagine. The transversalis fascia, elsewhere a thin 
membrane, is here a tough sheet which is firmly attached to Poupart’s 
ligament and the ilio-pectineal line. Superficial to the fascia is a 
continuous sheet of muscle, the conjoined tendon medially, the posterior 
fibres of the cremaster laterally. The internal ring itself is no descriptive 
figment, but a strong fibrous opening in the fascial sheet, which in the 
undamaged canal has well-marked margins of considerable strength. 
On its medial side the deep epigastric artery forms a landmark, but is 
of no structural importance. 

These anatomical points are all of importance when we come to 
consider the normal defences of the inguinal canal and the principles of 
repair when they have become effete. Any sub-division of the posterior 
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testis ; the effaced segment can usually be traced as a fibrous band 
muting the fundus of the sac to the summit of the tunica vaginalis. 
The retro-funicular and intra-funicular hemire, grouped together as 
infantile, are of more uncertain origin. The explanation which is usually 
given in text-books, and the least likely, is that the funicular process is 
closed at the internal ring, remaining patent distally, and that an 
acquired sac is later pushed down behind it or into its lumen. Every 
stage intermediate between the funicular and retro-funicular varieties 
is met with, the tunica vaginalis extending up into the inguinal canal 
for varying distances in front of the sac, so that the infantile varieties 
are probably due to irregularities in the descent or obliteration of the 
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vas deferens, from which it can bo separated only with difficulty. In 
hernia} associated with imperfectly descended testes, this sheathing of 
the cord by the sac is so intimate as to render separation and closure 
of the peritoneal process a matter of real difficulty. The sac bears 
further traces of its congenital origin in numerous bands of fibrous, 
muscular, and nerve tissue which streak its outer surface, and in the 
occasional presence of small rests of adrenal cortex in its walls. In 
most cases the process of peritoneum is a simple tube. Occasionally 
the distal part is divided by septa into a series of compartments, which 
may be distended with fluid ; incomplete septa and diverticula from 
the main channel are also found. These irregularities are in most 
cases of developmental origin, but they may be the result of pressure 
by a truss. 

The extra-peritoneal fat usually ceases at the internal ring, and in 
the operation for hernia its appearance is an indication that the ring 
has been reached. The fat may, however, invade the cord, particularly 
in the inguinal canal of adults. Two conditions are seen : In one 
the fat extends down the cord distinct from the vessels and sac as 
a lobulated finger-like process carrying an obvious blood-vessel 
with it ; in the other the fat is invaginated into the neck of the sac, 
and bears, when seen from the inside of its cavity, a very striking 
resemblance to a loop of small intestine protruding through the 
opening. 

A direct hernia is merely a bulging of the posterior wall of the 
inguinal canal. This portion of the abdominal wall, when viewed from 
the inside, has been sub-divided artificially by Hesselbach’s triangle, but 
this nomenclature is of no direct interest to the surgeon and of no par- 
ticular significance. The portion which yields first is that which is 
formed by the transversalis fascia alone, that is, the part medial to the 
epigastric artery, below the arched fibres of the conjoined muscle, and 
lateral to their insertion into the ilio-pectineal line. The bulge is a 
general one, roughly hemispherical in shape, and the sac, which hardly 
merits such a name, has no obvious neck. It is covered by fascia 
throughout. As the hernia enlarges, it spreads upwards and outwards. 
The epigastric artery becomes arched over it, and in a larger hernia may 
appear to separate the swelling into a bilobed one. The lower fibres of 
the conjoined muscle and the cremaster become stretched, and the 
external aponeurosis becomes thinned. A direct hernia does not come 
through the external ring in the sense that an indirect one does, but 
when increasing in size it finds less resistance in the intercolumnar fibres 
than in the more fully developed parts of the aponeurosis, and may well 
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testis ; the effaced segment can usually be traced as a fibrous band 
uniting the fundus of the sac to the summit of the tunica vaginalis. 
The retro-funicular and intra-funicular hemise, grouped together as 
infantile, are of more uncertain origin. The explanation which is usually 
given in text-books, and the least likely, is that the funicular process is 
closed at the internal ring, remaining patent distally, and that an 
acquired sac is later pushed down behind it or into its lumen. Ever}* 
stage intermediate between the funicular and retro-funicular varieties 
is met with, the tunica vaginalis extending up into the inguinal canal 
for varying distances in front of the sac, so that the infantile varieties 
are probably due to irregularities in the descent or obliteration of the 



Fij 19^i7. — Djrrnxintr-iTiL *i«o*MurrlC4 n 

tb* nxlcrl-iB rtorm 
I. Tax rrrirnJl ntociss Jrsr iefoee 
I. XoRViL nairm* or rue n-'i(Tu» rxocrm. 

3. COSOESTTII. BILK XU • * HMtSTTrCT Of TB* COT* 
DtTKH IIB IT (1). 

4 . FcMCCU* 1TCB5U. 

3. HttTU KtCTt. 

6. BruicrXiB HTOROcnjc. 

T. Itiwunicnji hb-ui. 

8. l<mu Irxicn-l* all'll. 


funicular process, and have no acquired element. The distinction is of 
academic interest only, and affects neither the diagnosis nor the treat- 
ment of these hernia?, unless the possible confusion of an inexperienced 
surgeon on finding two serous cavities be taken into account. 

The testicle is formed in the lumbar region, descends during foetal 
life behind the peritoneum of the posterior abdominal wall and iliac 
fossa to the internal ring, and then traverses the abdominal walh 
taking its vessels with it and maintaining the same relationship to the 
peritoneum which has preceded it into the scrotum. The sac of a con- 
genital hernia therefore lies in front of the cord, or rather surrounds 
it in front, above, and below, so that in transverse section it shows as 
a horseshoe-shaped slit into which the cord is invaginated, much as the 
testicle appears to be • into the tunica vaginalis. The sac is 
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vas deferens, from which it can be separated only with difficulty. In 
hernke associated with imperfectly descended testes, this sheathing of 
the cord by the sac is so intimate as to render separation and closure 
of the peritoneal process a matter of real difficulty. The sac bears 
further traces of its congenital origin in numerous bands of fibrous, 
muscular, and nerve tissue which streak its outer surface, and in the 
occasional presence of small rests of adrenal cortex in its walls. In 
most cases the process of peritoneum is a simple tube. Occasionally 
the distal part is divided by septa into a series of compartments, which 
may be distended with fluid ; incomplete septa and diverticula from 
the main channel are also found. These irregularities are in most 
cases of developmental origin, but they may be the result of pressure 
by a truss. 

The extra-peritoneal fat usually ceases at the internal ring, and in 
the operation for hernia its appearance is an indication that the ring 
has been reached. The fat may, however, invade the cord, particularly 
in the inguinal canal of adults. Two conditions are seen : In one 
the fat extends down the cord distinct from the vessels and sac as 
a lobulated finger-like process carrying an obvious blood-vessel 
with it ; in the other the fat is invaginated into the neck of the sac, 
and bears, when seen from the inside of its cavity, a very striking 
resemblance to a loop of small intestine protruding through the 
opening. 

A direct hernia is merely a bulging of the posterior wall of the 
inguinal canal. This portion of the abdominal wall, when viewed from 
the inside, has been sub-divided artificially by Hesselbach’s triangle, but 
this nomenclature is of no direct interest to the surgeon and of no par- 
ticular significance. The portion which yields first is that which is 
formed by the transversalis fascia alone, that is, the part medial to the 
epigastric artery, below the arched fibres of the conjoined muscle, and 
lateral to their insertion into the ilio-pectineal line. The bulge is a 
general one, roughly hemispherical in shape, and the sac, which hardly 
merits such a name, has no obvious neck. It is covered by fascia 
throughout. As the hernia enlarges, it spreads upwards and outwards. 
The epigastric artery becomes arched over it, and in a larger hernia may 
appear to separate the swelling into a bilobed one. The lower fibres of 
the conjoined muscle and the cremaster become stretched, and the 
external aponeurosis becomes thinned. A direct hernia does not come 
through the external ring in the sense that an indirect one does, but 
when increasing in size it finds less resistance in the intereolumnar fibres 
than in the more fully developed parts of the aponeurosis, and may well 
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bulge through this without, however, reaching the scrotum. While any 
classification of t)*pes of direct hernia is unnecessary, it is advisable to 
point out that a rare variety, unmentioned in text-books, is occasionally 
encountered in which the posterior wall of the inguinal canal medial to 
the deep epigastric artery shows a small circular deficiency with firm, 
almost tendinous margins, through which a tubular process of peri- 
toneum, indistinguishable on clinical examination from an indirect 
inguinal hernia, escapes and often emerges through the external ring. 
Whether such a hernia is of congenital origin, due to some trauma, or 
caused by a localised extra -peritoneal lipoma which weakens the fibrous 
sheet at one spot, is undetermined. 

The sac of any inguinal hernia, as it enlarges, tends to draw further 
peritoneum from that linin g the abdominal parietes into its walls, and 
with the peritoneum any mobile intra-abdominal structure which it 
clothes. Tlius the bladder may be drawn into the neck of the sac on the 
inner side, the ccecum into the posterior wall of a right hernia, and the 
iliac colon into a left one. 

TIIE DIAGNOSIS OF INGUINAL HERNIA 

Any detailed account of the methods of clinical investigation of the 
inguinal canals would be out of place in a book addressed to post- 
graduate students, who may be presumed to have had considerable 
experience in the examination of patients before they come to study the 
details of operative surgery. Inspection should never be omitted, for 
a small hernia is often better seen than felt ; this is particularly true of 
bubonocele in women and small children, where in a small sac the over- 
lying fat often obscures the impulse on coughing ; inspection, too, is 
often the most certain method of distinguishing a definite hernia from 
the common condition of bulging groin seen in feeble and sedentary 
men, where the whole inguinal region seems to come forward against the 
hands when the patient coughs. 

The differentiation between an indirect and a direct hernia is often 
difficult, and sometimes impossible. It is not of major importance, for 
the type of large wide-mouthed hernia in which distinction is hard 
usually needs an operation, one which involves some form of plastic 
repair of the canal, and the exact relations of the swelling will therefore 
become apparent when the tissues are exposed. Direct hernia; are 
usually seen in men over forty: they are bilateral and symmetrical in 
size and position. A hernia which appears as soon as the patient stands 
without any straining effort, and which disappears as soon ns he lies 
down without any pressure applied, or which, when reduced, returns 
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immediately, is probably direct ; one whose length exceeds its breadth, 
or which comes anywhere below Poupart’s ligament or medial to the 
pubic spine, is probably oblique. 

The differential diagnosis between inguinal hernia and other 
inguino-scrotal swellings again seldom arises. Ordinary common sense 
will serve to distinguish swellings superficial to the abdominal wall, 
such as enlargement or abscess of the inguinal glands, or those deep 
to it, in the psoas or iliac vessels, from swellings in the inguinal canal 
proper. These must arise from some structure in the spermatic cord, 
and are either tumours — lipoma or fibromyoma — or varicoceles, or 
abnormalities in the mechanism of testicular descent — retained testes 
or hydroceles of the cord. A lipoma is softer than a hernia and gives no 
impulse on coughing, but unless accompanied by a sac, it rarely attains 
sufficient size or gives trouble enough to attract the attention of the 
patient. A fibromyoma forms a firm rounded swelling, which can 
only be distinguished with certainty from an encysted hydrocele by 
the absence of translucency. A varicocele can never be mistaken for 
anything else, unless one of the varices has ruptured. 

A public schoolboy was seized with sudden pain in the left groin during a 
game of Htigby football, and was carried off the field and taken to the school 
sanatorium. A rounded swelling occupying the inguinal canal and extending 
through the external ring into the scrotum was found by the school doctor ; it 
was tender, irreducible, gave no impulse on coughing, and was not translucent. 
A strangulated inguinal hernia was suspected, but as the boy complained of no 
abdominal pain and his bowels were opened by an enema, he was merely kept in 
bed and the pulse recorded every four hours. By next morning the left half of 
the scrotum was black, and it was clear that the swelling was a haematoma inside 
the infundibuliform fascia. 

An encysted hydrocele of the cord is more often diagnosed than seen. 
The true encysted hydrocele is a small rounded translucent swelling, 
sharply demarcated at both ends, which is seldom encountered after 
the age of puberty. The majority of rounded translucent swellings in 
the inguinal canal are encysted hydrocles of a hernial sac, whose neck 
has become blocked by a plug of omentum ; examination of the neigh- 
bourhood of the internal ring, where the cord is found to be thickened, 
will reveal their true nature. 

LOCAL ANAESTHESIA FOR HERNIA 

The method of local ansesthesia is nowhere more valuable than in 
the surgery of hernia. Here operation must on occasion be undertaken 
for pain, increase of size in spite of a truss, irreducibility or threatened 
strangulation, in patients whose age or general condition would 
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prohibit such a step, were it not for the certain and greater risk of the 
imminent complication. Most of the risks are eliminated by a local 
anaesthetic ; bleeding is minimal, and time sufficient for the most 
elaborate plastic procedures, should they be required, is afforded to 
the surgeon. 

The nerves which must be blocked for an operation on the inguinal 
canal are many : The skin of the groin is supplied by branches of the 
12th dorsal, 1st lumbar, external cutaneous and genito-crural nerves, 
that of the scrotum by the ilio-inguinal, scrotal branches of the internal 
pudic, and the long pudendal from the small sciatic ; the abdominal 
muscles and peritoneum are innervated by the ilio-inguinal and ilio- 
hypogastric nerves, and the cord and testis receive their sensation from 



the spermatic nerves accompanying the vessels. The plan outlined 
may be relied upon to give complete anesthesia lasting for two 
hours. 

The solution recommended is : 

Novocaine 1 % 

Quin, and Urea Hydrochloride 1 % 

Adrenalin nfai 1 drop to 10 cc. 

Normal saline to required amount. 

Three subcutaneous wheals are raised with a fine needle, one a 
fingers-breadth medial to the anterior superior spine, one over the 
saphenous opening, and one over the suprapubic skin crease in the mid- 
line (fig. 1988). A 3|-inch needle is inserted vertical to the skin through 
the first wheal, and 20 cc. are injected into the muscles, the point of the 
needle being pushed down during injection till it strikes bone ; this 
injection will block the ilio-inguinal, ilio-hypogastric and Last dorsal 
nerves. The needle is then withdrawn from the muscles, and pushed 
again through the external oblique aponeurosis, and a further 10 cc. are 
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injected deep to the- aponeurosis in a direction towards the pubis. 
Tiie needle is next inserted through the second wheal, and 20 cc. of 
solution are injected along the base of the scrotum which is held up, 
to block the scrotal nerves. Withdrawn slightly, its point is then 
pushed to the pubic spine, and 5 cc. are injected here. Through the third 
wheal a line of subcutaneous injection, 15 to 20 cc. in all, is put in along 
the skin crease, extending an inch across the mid-line and outwards 
to beyond the anterior superior spine. Still using the same wheal, 
10 cc. are injected into the cord, which is held up for the purpose. 
Lastly, a continuous line of subcutaneous injection, using about 
40 cc. in all, is placed around the whole area, uniting all three wheals, 
and passing from that in the mid-line beside the penis and down the 
mid-plane of the scrotum. If the injection is made before the surgeon 
puts on his gown and gloves for the operation, complete anaesthesia will 
be assured by the time he is ready. 

THE GENERAL PRINCIPLES OP OPERATION TJFON INGUINAL HERNIA 
Any surgeon who attempts a survey of the literature of inguinal 
hernia approaches an almost impossible task, for very few men appear 
able to pass from qualification to retirement without describing a new 
operation for the cure of this condition. In a work intended to assist 
the post-graduate student, the writer must confine himself to an 
account of what he considers to be the essential principles of surgical 
treatment, and must accept responsibility for the selection of those 
principles. An analysis of the cure statistics from different clinics is 
likewise impossible without taking up much more space than the value 
of such an analysis would justify. In general it may be said that 
close upon 100 per cent of cures should be expected after operations 
upon inguinal hernia in children, about 95 per cent after operations 
upon oblique inguinal hernia in adults, and about 90 per cent after 
operations upon direct hernia. It is often stated that the commonest 
reason for recurrence is sepsis in the wound ; but surely no surgeon 
of experience is convinced by this statement ? Sepsis enforces prolonged 
rest and calls forth an abundant reaction of repair ; induced sepsis 
was the basis of the mediaeval treatment by blistering and is probably 
the modus operandi of the “ modem ” treatment by injection. Could 
it be controlled, it would be the reparative surgeon’s best friend. It is 
common experience, in any case, that the majority of the recurrences 
encountered lie under beautiful linear scars. In the writer’s opinion, 
failure is usually due to the operation being done by the wrong surgeon 
or by the wrong method. The anatomy of the inguinal canal is more 
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complex than that of any other part of the abdominal wall, and the 
repair of its defects calk "for far greater skill than does the closure oi a 
laparotomy wound. Yet hernia operations are rarely considered 
important* They are lightly undertaken by men who are not surgeons at 
all, and who refrain from attempting any other abdominal procedures. 
In hospitals thev are often regarded as introductory exercises for the 
novice, and are left by the chief to his assistant when he has finished 
the more interesting part of his list. It is well known that even 
enormous and old-standing hernia? can be cured by an appropriate 
method skilfully performed ; does it not follow then that when a simple 
hernia recurs the operation for its cure has either been inappropriate 
or imperfectly done ? Chief among such technical reasons for recur- 
rence are failure to remove the sac at its neck, failure to close the canal 
at its commencement, and damage to the natural safeguards of the 
canal. The neck of the sac and the opening in the transversalis fascia 
which constitutes the internal ring lie under cover of the origin of the 
internal oblique muscle, and they are not seen, much less efficiently 
treated, in any method which does not include full exposure of the 
inguinal canal and retraction of the internal oblique ; yet exposure 
and hg 3 turc of the sac through the external ring, or through a small 
incision over the middle third of the canal, is still recommended in 
text-books and practised by some surgeons. The writer’s views upon 
the mechanism of the inguinal canal have been set forth in the section 
upon anatomy and physiology. The reader who accepts these, must also 
accept their corollary, that any damage to the muscular sphincteric 
mechanism of the canal, that is. to the conjoined muscle and cremaster, 
will not merely invite recurrence, but ensure it. B&ssini first inculcated 
the importance of the exposure of the whole inguinal canal and isolation 
of the sac from the other structures of the cord right up to its neck, and 
so paved the way for better technique. His name deserves to be placed 
witli that of all great leaders. But the measures he advocated for 
closure of the canal when the sac had been removed are a useless 
mutilation of beneficent structures that can only be excused by the date 
of their introduction. That this barbarism should have survived into 
an age when all other pioneer operations have been refined and perfected 
by constant thought and care, and that it should still be universally 
taught and widely practised, is an indication of the scant attention paid 
to the inguinal canal by men engrossed in more dramatic regions, and 
a blot upon modern surgery. 

There 13 no particular technique involved in the operation for hernia 
beyond that which is common to good surgery in any part of the body, 
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the creed of gentleness which is associated with the names of Halsted, 
Lane and Moynihan. Each plane must be divided along anatomical 
lines, the tissues must bo treated with the greatest gentleness, hsemo- 
stasis must be complete, obliteration of dead spaces absolute and asepsis 
faultless. The inguinal region, where the abdominal wall surmounts 
the extraordinarily difficult task of transmitting the nerve and blood 
supply not only of the testes but of the lower limb, while permitting 
free movement and powerful stresses in the muscles and great variation 
in the diameter of the blood-vessels; depends for its security upon a most 
delicate adjustment of muscular and fibrous planes. The operative 
handling of this region should be correspondingly delicate, and inguinal 
technique is more akin to that of the plastic surgeon than of the worker 
in the more simple department of the upper abdomen. I know more 
than a hundred surgeons whom I would cheerfully allow to remove 
my gall-bladder, but only one whom I should like to expose my 
inguinal canal. 

The essential question that must be answered, in deciding upon the 
type of operation to be undertaken in any particular hernia, is “ Can 
the normal mechanism of the canal be kept in this case, or must it be 
replaced by something different ? ” The normal mechanism embraces 
fibrous and muscular elements ; the former can, to some extent, be 
repaired if damaged ; the latter cannot. Operations foT the radical 
cure of inguinal hernia may therefore he placed into three groups, 
according to the object they seek to attain : 

I. The standard operation for congenital oblique inguinal hernia 
where the muscle defences arc good and the fibrous framework 
unstretclied. Here removal of the entire sac without damage 
to muscular or fibrous tissues, and accurate reconstruction, wall 
ensure success. 

II. Operations for larger inguinal hemice of the oblique type, whether 
congenital or acquired, where the muscles are still good, but the 
margins of the internal ring have become stretched. In these, 
after removal of the sac, some plastic procedure upon 
the posterior wall, designed to strengthen it where weak 
and to restore the diameter of the internal ring to that of 
the cord, will probably be satisfactory. The inguinal muscles 
themselves must not be used for this repair, or damaged in 
any way. 

III. Operations for direct or large oblique hernia; where the fibrous 
tissues are stretched and the muscles atrophied. Here there is 
no likelihood of the weakened muscles regaining their sphincteriq 
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action, and a new mechanism, foreign to the body, but perfectly 
satisfactory if well planned and carefully executed, must be 
devised. Such operations usually involve the construction of 
new internal and external rings, rigid and placed far apart, 
and of a strong fibrous anterior and posterior wall to the canal. 
The muscles are necessarily used in such an operation, but they 
cannot, without further reinforcement, provide a sufficiently 
strong sheet to prevent recurrence. 

I. The Standard Operation 

(1) The skin incision . For the reasons given in the section devoted 
to the anatomy of the inguinal region, an incision in the suprapubic 
skin crease is advised for all operations for the radical cure of inguinal 
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hernia. After identification of the crease, two light scratches arc made 
across it with the back of the knife, to ensure accurate spacing of the 
flaps when they arc subsequently sutured (fig. 1989). The cut should 
be made with a continuous sweep of the knife, while the skin is put 
on the stretch with the finger and thumb of the left hand, and should 
extend in the crease from a point f-inch outside Poupart’s ligament 
nearly to the mid-line. In the wound, which is thus made to gape, the 
two branches of the superficial femoral vessels will be seen immediately, 
and should be divided between artery forceps, and ligatured with fine 
catgut. The surgeon then grasps the mid-point of the lower skin flap 
with toothed dissecting forceps and pulls it upwards, while his assistant 
does the same with the upper flap. A bold sweep with the knife 
through the superficial fascia, which is thus drawn strongly from the 
Abdominal wall, will immediately lay bare the areolar plane between fat 
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and external oblique aponeurosis. The correct plane exposed, the 
surgeon quickly reflects the fatty layers off the external oblique, 
downwards as far as Poupart’s ligament, and upwards and outwards to 
one inch beyond the internal abdominal ring (fig. 1990). Dissection 
with the knife should not be carried down to the external ring, as many 
small vessels pierce the intercolumnar fascia and are difficult to secure 
if divided ; when the aponeurosis is cleaned so far, a downward sweep 
with a gauze swab will display the pillars of the ring and the emerging 
cord. Poupart’s ligament should be laid bare at this stage down to its 
insertion, in order to facilitate subsequent suture of the pillars. 
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(2) Reflection of the external oblique aponeurosis. The external 
oblique should be incised towards the external ring and not from it, 
as this method carries a risk of injury to the cremaster or ilio-inguinal 
nerve. A cut about half an inch long is made with a knife in the 
aponeurosis in the line of the pillars, and about f-inch from the point 
where they diverge. The upper leaf is held up with dissecting forceps, 
and the cut extended with Mayo scissors into the external ring, and 
carefully beyond it into the intercolumnar fascia ; the cut is then 
extended outwards in the line of the fibres to a point one inch above the 
internal ring. 

The upper leaf is then reflected off the underlying structures, which 
are gently detached from its deep surface with sweeping strokes of the 
closed Mayo scissors, working from above down in the line of the 
arched fibres of the internal oblique (fig. 1991). Separation is con- 
tinued till the outer border of the rectus sheath is exposed. The lower 
leaf is treated in a similar manner, till the inner surface of Poupart’s 
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ligament is cleared as far as its insertion into tint pubic bone ; the 
fibres of the cremaster will be separated where they lie in contact with 
the aponeurosis, but their origin from Poupart’s ligament must on no 
account be disturbed. When this stage is complete, the cord will he 
seen completely clothed in the fibres of the cremaster muscle on the 
surface of which lies the ilio-inguinal nerve. 
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{.I; Ib’jluti >n of the t remaster muscle. The surgeon picks up the 
(.uiwstu limit If with toothed dissecting forceps half an inch below 
the iho-mgumal nenc .uid directs his assistant to do the same a quarter 
of an inch below it. A bold cut with Mayo scissors into the fold thus 
raised will open the sub-cremasteric areolar space. The closed points of 
i tie iv>oii* arc pushed up and domi in this space to clear the cord, and 
the mum le ib then divided in the line of its fibres, downwards to the 
ecntn* of the external ling, and upwards to within a quarter of an inch of 
the arched fibres of the internal oblique. The surgeon now releases 
the lower leaf of the cremaster and, picking up the cord with his forceps, 
frees it by a few gentle touches of the closed Mayo scissors from the 
upper leaf of muscle, which is still held by his assistant (fig. 1992). 
The assistant then releases this leaf and takes the cord, while the surgeon 
picks up the lower muscular sheet and separates it in a similar manner. 
The cord is now free, and can be hooked up on the forefinger of the left 
hand, while the cremaster is pushed backwards from its two extremities 
wt i a gauze swab. The cord 1}* x n th«» finger is covered with 
lmundibuliform fascia only, and -stituents, normal or 

abnormal, can be clearly seen. • 
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Immrat is cleared as far as its insertion into the pubic bone ; the 
fibres of the cremaster will be separated where they he in contact with 
the aponeurosis, but their origin from Pouparfs ligament must on no 
account be disturbed. When this stage is complete, the cord will be 
seen completely clothed in the fibres of the cremaster muscle on the 
surface of which lies the ilio-irguin&l non e. 



(3) Hcf eel ion of the cremaster muscle. The surgeon picks up the 
cremaster muscle with toothed dissecting forceps half an inch below 
the dio-ingumal nerve and directs his assistant to do the same a quarter 
of an inch below it. A bold cut with Mayo scissors into the fold thus 
raised will open the sub-cremasteric areolar space. The closed points of 
the scissors are pushed up and down in this space to clear the cord, and 
the muscle is then divided in the line of its fibres, downwards to the 
centre of the external ring, and upwards to within a quarter of an inch of 
the arched fibres of the internal oblique. The surgeon now releases 
the lower leaf of the cremaster and, picking up the cord with his forceps, 
frees it by a few gentle touches of the closed Mayo scissors from the 
upper leaf of muscle, which is still held by his assistant (fig. 1992). 
The assistant then releases tills leaf and takes the cord, while the surgeon 
picks up the lower muscular sheet and separates it in a similar manner. 
The cord is now free, and can be hooked up on the forefinger of the left 
hand, while the cremaster is pushed backwards from its two extremities 
with a gauze swab. The cord lying on the finger is covered with 
infundibulifonn fascia only, and all its constituents, normal or 
abnormal, can be clearly seen. • 
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(4) Isolation and ligature of the hernial sac . The cord, still held up 
by the left hand, is incised longitudinally for about li inches by a 
gentle stroke of the knife, which divides the infundibuliform fascia 
only. The sac, which has already been seen lying anteriorly in the 
bundle, now prolapses through this cut, completely denuded in its super- 
ficial aspect. It is picked up with a pair of Spencer Wells forceps which 
are then fixed by the thumb of the left hand, and thus held firmly 
on the pulp of the left index finger. With a pair of non-toothed dissect- 
ing forceps, all structures adhering to the sac are gently separated from 
it, working transversely to its long axis {fig. 1 993). As succeeding parts 
of the sac are laid bare, they are gathered up with the left thumb, 
bringing a fresh portion into view for clearance. Finally, the point of 
commencement will be reached, and the index finger will be seen in a 
space which separates the sac from the cord. If the plane of dissection 
has been kept close to the wall of the sac, there is no danger of the vas 
deferens having been left attached to it, but the surgeon should always 
assure himself at this stage, by feeling the cord, that the vas is actually 
with the vessels and not with the sac. This dissection once begun 
must be pursued methodically in a plane transverse to the axis of the 
cord till two separate bundles emerge — the sac and the normal con- 
stituents ; the left thumb must not relax its grip on the sac, and the 
temptation to wander up or down the cord must be resisted. 

The vas and the vessels are kept in one bundle by enclosing them in 
the loop of a pair of Lane tissue forceps, and separation of the sac is 
continued towards the fundus in a similar manner, the sac being fixed 
by the left hand and the other structures peeled ofl it with blunt dissect- 
ing forceps. At the fundus some difficulty may be encountered. The 
tunica vaginalis is often continued upwards to a point which extends to 
the external ring and is adherent over a wide area to the expanded and 
flattened termination of the sac. The veins, increasing in size as the 
testicle is reached, are also firmly adherent to it, and the vas may lie 
in a loop on its walls, deviating from its previously straight course. 
Many of the bands are so tough that they must he cut by the knife. 
By working gently and methodically, holding the cord on the stretch 
and pushing its constituents from the sac with gauze and closed scissors, 
and using the knife only for strands that stand out clearly between 
structures already isolated, the separation will be effected without 
damage or bleeding. 

When the fundus is free, the assistant draws the cord downwards 
and inwards, putting it on the stretch, and the surgeon, drawing the 
sac outwards, proceeds to clear its neck. The vas and veins arc clearly 
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seen and easily separated by strokes with the closed scissors. The 
fibrous sheath should here be treated with great respect, not torn apart 
hut snipped with scissors close to the sac. As the neck is reached a 
small retractor must be inserted under the upper leaf of the cremaster 
drawing this muscle and the lower fibres of the internal oblique upwards 
and outwards. In an undilated sac the site of the neck can be recognised 
without difficulty; its diameter expands suddenly, the peritoneum 
becomes thinner, a tongue of extra-peritoneal fat appears beside it and 
the deep epigastric vessels arc seen below it. Except in those very 
thin sacs whose emptiness can be seen without any doubt, the fundus 
should now be cut and held open with three forceps, the interior of the 



tube inspected, any contents returned, and a blunt instrument passed 
through the neck into the peritoneal cavity to prove that no contents 
are adherent at the neck. The cut fundus is then grasped in the jaws of 
one pair of artery forceps, and twisted repeatedly, till the turns reach 
the internal ring (fig. 1994). This torsion of the sac serves two purposes : 
it obliterates the whole cavity and ensures that no loop of gut or tag 
of omentum can enter at the last minute and be pierced during trans- 
fixion of the sac, and it provides a narrow pedicle-for ligature. The sac 
is held up while its twisted neck is pierced with a round needle carrying 
No. 1 catgut and tied, first on one side, then on the other, and finally all 
round in the groove made by the first two knots. The ligature is cut and 
the sac divided half an inch beyond it ; the stump recedes immediately 
behind the aperture in the transversalis fascia and disappears from view. 
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(5) Bejxiir of the inguinal canal, and closure of the wound. Wien the 
neck of the sac has been cut aud the surgeon has satisfied himself, by 
gentle palpation, that the internal ring is unstretched, the layers are 
closed in sequence. 

The cord is pushed down into the scrotum till it lies level with the 
floor of the canal, and the cut edges of the cremaster muscle are picked 
up near the internal ring. A continuous suture of No. 00 catgut on a 
fine round-bodied needle will serve to unite this layer over the cord 
(fig. 1995). The fibres have not been cut across and the sutures require 
no more tension than is necessary to approximate the edges of the cut. 
Care must be taken that the ilio-inguinal nerve is not caught up. 

The external oblique aponeurosis is sutured with No. 1 catgut on 
a round-bodied needle, starting at the lateral end of the wound. As the 
inner end is approached it is important to make sure that each stitch 
takes a bite of the firm fibres constituting the pillars, and not merely of 
the thin expanded aponeurosis that lies between them (fig. 1990). 
The suture should be continued inwards till the external ring is reduced 
to a size that will just transmit the cord comfortably-— that is, to the 
diameter of the last joint of the little finger ; the last stitch should 
therefore be held tight, nnd the diameter of the ring tested before it is 
finally tied. 

Accurate closure of the cutaneous layers is an important step in the 
crease operation for hernia. Three or four sutures of No. 00 catgut on 
fine, curved needles arc passed in the following way : The needle is 
passed from the deep surface of the upper flap, traversing the fascia 
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of Scarpa and then that of Camper, to emerge close under the skin. 
It is re entered close under the skin on the low er flap at the corres- 
ponding point (wlncli is identified by the skin scratches made before 
the operation was started) and 
passed down through the two 
fatty la) era to emerge on the 
deep surface of Scarpa’s fascia 
(fig 1906) These sutures, when 
tied, obliterate all dead space 
between the operation site and 
the flaps which co\er it, e\ ert 
and at the same time relict e the 
skin margins of tension, and carr) 
their knots at the greatest dis- 
tance from the skin, where they 
are almost immune from the 
“catgut ooze” that will often 
spoil a promising incision The 
skin is closed with Michel clips, 
the scratches being first brought 
together, after which the inter- 
vening spaces are approximated 
(fig 1997) 

(6) After-Treatment The care of a hernia case differs little from that 
of any other operation of moderate seventy, and an} detailed instate 
tion w ould be out of place Tw o points, how e\ cr I consider important 

First, that in the crease incision all clips should be removed m 
forty eight hours Where the incision has been placed m a plane of no 
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movement, and where the deeper layers have been brought together 
and the skin accurately apposed, clips or sutures are no more than 
approximating devices. Their retention after forty-eight hours serves 
no purpose, and invites sepsis. 

Secondly, that the patient should remain in bed for three weeks. 
A good inguinal canal after a hernia operation demands fibrous planes 
reconstructed by repair tissue which has been subjected to no premature 
strain. The patient may, after forty-eight hours, assume any position 
in bed that he likes if his general condition warrants it, but recumbency 
should be insisted upon. 

Alternative incision. That commonly employed is a straight 
incision, parallel to Pouparfc’s ligament and about half an inch 
above it, extending from a point f-inch outside the internal ring to 
one overlying the centre of the external ring. This is shorter than 
the crease incision and gives more direct access, and will be pre- 
ferred by the surgeon who is inexperienced, badly assisted, or 
otherwise working under difficulties. 

Alternative methods in isolating the sac. Many text-books describe, 
and many surgeons practise, a search for the hernial sac as soon as 
the external oblique aponeurosis has been reflected. It is quite 
possible to isolate a hernia in this way, but not easy, for the cremas- 
teric fibres hide the structures which they still envelop, nor wise, 
for a muscle which has been avulsed as an obstruction to vision will 
never regain its normal function. 

SPECIAL POINTS IN THE ISOLATION AND LIGATURE OF THE 
HERNIAL SAC 

(1 ) The separation of a very th in-icallcd sac. In some inguinal hernia*, 
particularly the complete congenital hemite of children which extend 
into the tunica vaginalis, and those associated with an undescended 
testis, the walls of the sac are extremely thin and fragile, and adherent 
to the structures of the cord to an unusual degree. In spite of the 
greatest gentleness, the peritoneum is tom in an attempt to strip the 
vessels from it. The margins should then he seized with hicmostats, 
and the attempt continued. If further tears appear, the surgeon may 
allow the sac to gape, and, guided by vision, gently work the point of 
a blunt dissector or one blade of a pair of dissecting forceps between the 
peritoneum and the cord. When the correct plane has been established 
at one level, the sac can then be stripped up and down with a little 
care. 

In some hemkc even this manoeuvre will fail. It has been my 
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practice in such cases to open the sac with scissors on its anterior aspect 
to within half an inch of its neck, and to get my assistant to hold the 
margins apart in mosquito forceps while he makes traction on the 
cord. The neck of the sac, now seen’ from within as a small funnel, can 
be cut round with the point of a fine knife or with Mayo scissors, the 
cut extending through peritoneum only, and each segment be picked 
up with a further pair of mosquito forceps as it is divided. When the 
peritoneum has been divided all round the neck, the forceps are held 
up together, the neck cleared from the cord by a few strokes of the closed 
scissors, and tied off. It is unnecessary after this to remove more of the 
body of the sac than its anterior wall, which should be cut away freely, 
leaving the posterior wall still clothing the cord. 

(2) The treatment of the tunica vaginalis in congenital hernia. Where 
the hernial sac is continuous until the tunica vaginalis, there is no 
“ fundus ” in the sense of a rounded termination that can be removed 
in continuity with the body. The surgeon may either carry the separa- 
tion of the sac to the upper pole of the testis, and there divide it, closing 
the distal half with a simple ligature or a purse-string suture, to leave 
a tunica vaginalis ; or he may carry his dissection into the scrotum and 
remove the parietal layers of the tunica vaginalis with the sac — 
combining a “ radical cure ” of hydrocele with that for the hernia. 
The choice will depend ultimately upon the operator’s personal views 
upon the inevitable wisdom of all Nature’s handiwork. The tunica 
vaginalis is a normal structure and must serve some purpose ; on the 
other hand, a hydrocele is perhaps slightly more common after a hernia 
operation than it is in the average population, and removal of the outer 
serous layers does not seem to carry any recognisable disability. I 
personally reconstruct the tunica vaginalis in the child, and obliterate 
it in the adult. 

(3) The removal of lipomata. Any lipomata lying in the inguinal 
canal should be removed as part of the operation of radical cure. They 
stretch the muscles, interfere with efficient action of the sphincteric 
mechanism and, when springing directly from the extra-peritoneal 
fat, undoubtedly lead to recurrence by dragging down a fresh pouch 
of peritoneum. Such lipomata are preferably removed as soon as the 
reflection of the cremasteric layer is complete, and before the sac is 
disturbed ; they can then be seen clearly and removed completely, 
whereas later they are stained with blood and are less distinct. The 
pedunculated lipoma which passes through the internal ring beside 
the sac should be crushed and ligatured before it is divided. 

(4) Other means of treating the neck of the sac. Various surgeons 
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have used the sac itself as a material for reinforcing the region of the 
internal ring. Mace wen passed a catgut suture through the fundus of 
the sac, and then from side to side through its body, so that when 
palled tight it drew the sac into concertina folds ; the free ends of this 
suture were threaded on a hernia needle and passed upwards through 
the internal ring lateral to the sac, being finally pushed through all 
muscular layers about an inch lateral to this point and tiedon the surface 
of the external oblique aponeurosis. Kocher grasped the fundus of the 
sac with a pair of curved forceps and invaginated it, forcing the end of 
the forceps through the parietes lateral to the internal ring ; here the 
redundant part of the sac was cut off, and the stump stitched to the 
parietes. These operations are of little more than historical interest 
to-day. Such dislocation of the sac does not ensure the smooth un- 
broken peritoneal surface on the abdominal aspect of the inguinal 
region which is attained by ligature of the sac at the correct level, while 
it damages the fascial planes of the internal ring and the muscles above 
this to no real purpose. Ligature of a sac which has been isolated to its 
commencement with the greatest gentleness, and divided half an 
inch beyond the ligature, will leave a smooth peritoneum, backed up 
by an undamaged fascial layer, and reinforced behind the peritoneal 
scar by a fibrous plug. 

INCUTS’ A I. HERNIA IX THE FEMALE 

The female inguinal canal follows the same general arrangement ns 
the male, with such modifications as are dependent upon its differing 
contents. The round ligament is smaller and less vascular than the 
cord, end is not subjected to the same movements and alterations in 
diameter. The channel is therefore smaller, the cremaster incon- 
spicuous, and the conjoined muscle forms a less obvious arch, running 
close above and almost parallel to Ponpart s ligament. Inguinal 
hernia in the female is nearly always due to the persistence of a con- 
genital sac, and this sac is usually blended with the round ligament 
and extends well into the labium roajus. To separate the sac from the 
round ligament without damage to either structure is a difficult and 
tedious matter, and in the opinion of the majority of surgeons un- 
necessary. The round ligament curtailed at the internal ring can 
apparently carry out its suspensory functions with regard to the uterus, 
whatever they may be, as efficiently as when it is continued into the 
labium. 

The steps of the operation are identical with those of the standard 
repair in the inale, down to the stage when the cremaster is reflected 
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from the round ligament. The sac and round ligament are now held 
up together on the index finger of the left hand, and pulled gently 
while their distal extensions are cleared from the tissues in the labium 
by blunt dissection. When the fundus of the sac has been brought into 
view, any remaining strands of tissue, including the termination of the 
round ligament, may be clamped, tied, and cut across. The round 
ligament and sac are now held up and cleared as far as the internal 
ring. The sac is usually so thin that it can be seen whether it is empty ; 
should there be any doubt, it should be opened for inspection and for 
the passage of a probe. This point settled, the sac-round-ligament 
bundle is crushed at the neck with Ochsner forceps, transfixed, tied 
with catgut, and cut across half an inch beyond the ligature. Since the 
canal is now empty, it should be obliterated by three sutures of No. 1 
catgut, passed through the conjoined and cremaster muscles and 
Poupart’s ligament, and tied sufficiently tightly to approximate but 
not to cut into the muscles. 

II. The Standard Operation, as Modified fop. Larger Hernias 
of the Oblique Type 

The standard operation just described is that which offers the 
best chance of permanent cure in an oblique hernia where the muscular 
defences are intact, the fibrous posterior wall of the canal sound, and 
the internal ring unstretched. Many cases are met with, however, 
in which the internal ring has become damaged while the remainder of 
the mechanism of the canal remains comparatively sound. The neck 
of a congenital oblique hernia lies above and to the outer side of the 
cord, and in its early days represents a potential space only, which 
does not dilate the fibrous collar of the internal ring. With the repeated 
entry of abdominal contents into the sac, and particularly with their 
lodgment there, the ring becomes stretched to accommodate cord plus 
sac. To start with, the stretching is in that part of the circumference 
occupied by the sac, that is, the upper and outer segment, and the 
inner border of the ring is not displaced. With time, however, the whole 
ring becomes dilated, the inner border, and with it the deep epigastric 
artery, is displaced medially, and the cord, though still bearing the same 
relation to the neck of the sac and the artery, leaves the posterior Avail 
much nearer the mid-line than is normally the case. 

These observations have an important bearing upon the steps 
necessary for the repair of the internal ring. Estimation of the size, 
degree of shift, and strength of the borders of the ring is more easily 
made by touch than by sight. The size of an unstretched ring is the 
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diameter of the cord when engorged with blood, roughly that of 
the last joint of the little finger. Snch a ring requires no repair. If the 
surgeon finds that the site where the sac has been tied and cut off appears 
as a weak area lying outside the cord, but that the cord is not displaced 
medially, that the inner margin of the ring is firm, and that the deep 
epigastric artery runs a straight course, he will be content with some 
simple approximation of the edges of the defect in the transversalis 
fascia over the stump of the sac. If, on the other hand, he finds that 
the ring as a whole is dilated, the cord displaced and the artery shifted, 
he can only restore normal relations by moving the cord outwards to 



that part of the ring formerly occupied by the neck of the sac, and 
repairing the weak area to its medial side. 

(1) Simple suture of the defect in the internal ring. Tiie weak area 
must be exposed by drawing the cremaster and internal oblique muscles 
strongly upwards with a small Tetractor, thus bringing into view 
the transversalis fascia lateral to the cord, the stump of the divided 
sac, and the defect around it. The margins of the defect are defined 
by palpation and brought together by a stitch of Xo. I chromici^ed 
catgut, the needle taking a bite of firm fibrous structures. Two 
methods of closure may be recommended in these borderline cases: 

(«) The Arbutlinot Lane ‘*X” stitch (fig. 1098), which draws the 
edges of the defect over the peritoneal stump. 

(6) A mattress stitch passed on a round-bodied needle, first through 
Poupart’s ligament about half an inch lateral to the internal 
ring, under the conjoined muscle, to emerge at the ring, then 
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out through the upper margin of the defect and back through 
its inner margin, and then back under the muscles to pierce 
Poupart’s ligament again about J-inch from its point of entry. 
This stitch, which is easily understood by reference to the 
diagram (fig. 1999), draws the margins of the defect together, 
and the whole weak area outwards. 

(2) Reconstruction of the internal ring. After ligature of the sac, 
the cord must be displaced to the outer and upper part of the stretched 
ring, and held there by a retractor, which at the same time keeps back 
the muscles and exposes the inner part of the defect. The margins of 



what should be the ring can be felt more easily than seen, but after 
identification they may be defined by careful snipping away of loose 
tags of fascia and muscle. It is essential that the repair material should 
be anchored at its edges to firm fascial tissue. 

(a) Silk reinforcement. I personally prefer the use of silk to any 
other method, as it does not involve dislocation of, or injury to, 
any of the normal structures of the canal or its neighbourhood, 
it is rapid, easy, and atraumatic, and it forms the basis of a tough 
and permanent fibrous sheath. A length of No. 4 Chinese twist 
silk on a small, curved needle (the particular needles I use are 
small Symonds needles with the shank shortened to make them 
into a half-circle instead of fish-hook shape ; these are sold by 
the Medical Supply Association Ltd., 95 AVimpole Street, M .1, 
as “ Ogilvie No. o ”) is passed through the inner margin of the 
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stretched ring previously defined, and through Poupart’s 
ligament just below this, and knotted (fig. 2000). The short 
end is caught in a luemostat. The silk is worked backwards 
and forwards across the weak area, taking alternate bites of 
ring margin and PoupaTt’s ligament, and drawn tight enough to 
lie straight, but not to exert any tension. This darning is 
continued outwards till the ring is reduced to an opening which 
exactly fits the cord, lying well out and under cover of the 
internal oblique. The silk is then knotted on itself and con- 
tinued back, taking bites of Poupart’s ligament between the 



{corner stitches and of the transversalis fascia a few milli- 
metres outside the ring margin. "When the starting-knot is 
reached, the two ends of silk are tied together and exit 
short. 

(b) Fascial strip darning. A Tepair, similar in all essentials to that 
described with silk, may be performed with one or two fascial 
strips. The strip may be taken from the fascia lata of the 
thigh with a fasciatome. Alternatively, a ribbon cut from 
the external oblique aponeurosis, and left attached at one or 
other end, may be used for the same purpose. I have used 
a strip cut from the upper leaf, left attached at its outer end, 
and brought to the internal ring through a tunnel in the 
muscles, arguing that such a strip would automatically become 
tense when the abdominal muscles contracted (fig. 2001). 
The belief that any isolated strip of muscle continues to act as 
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such is probably erroneous, but, at any rate, the repairs carried 
out by this method have stood the test of time. 

(c) Turner's operation. Mr. Philip Turner repairs a badly stretched 
internal ring by turning up a flap of fascia lata from the thigh 
under Foupart’s ligament and suturing it to the margins of 
the defect medial to the cord. Philip Turner [Guys Hospital 
Reports, 1933, XIII, 2, 233) writes : “ The essential feature 
of the operation is that a pedicled flap of fascia lata with 
its base at Poupart’s ligament is used for the purpose of 
diminishing the size of the opening and strengthening the 
fascial boundary of the canal. The flap is turned upwards 
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beneath Poupart’s ligament into the inguinal canal, and is 
sutured to the margins of the gap which have been carefully 
defined at an earlier stage. . . . Tiie original deep surface of 
the flap, which was in contact with the muscles of the thigh, 
looks forward, while the original superficial surface, in relation 
with the fatty tissues of the thigh, is now in contact with 
the extra-peritoneal fatty tissue at the back of the inguinal 
canal.” Reference to figure 2002 will explain the essential features 
of this operation. 

In all of the above operations, the cremaster is carefully 
sutured over the cord, as in the standard operation. 

III. Reconstruction of the Inguinal Canal 

The operations hitherto described have been based upon the 
preservation or restoration of the normal inguinal mechanism. "When, 
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however, this mechanism is beyond repair, somethin" much more 
elaborate and drastic is required — the replacement of Nature’s handi- 
work by that of man. The decision that such reconstruction is necessary 
is therefore one of considerable importance. 

The defences of the inguinal canal are based upon a system common 
to the whole locomotor apparatus of the body — a fibrous framework 
protected by a muscular guard, much as tbe defences of a frontier 
consist of mechanical fortifications manned by living troops. Under 
repeated attacks tbe forts may be destroyed but tbe garrison remain 
effective, or forts and garrison may be overwhelmed together ; but it is 
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unlikely that the soldiers would be put out of action while the fortifica- 
tions remain undamaged. So in the inguinal canal the fibrous planes 
alone may suffer, the muscles may atrophy with or after the fibrous 
planes, but the muscles cannot give way alone, leaving the fibrous 
tissues intact. 

Reconstruction is necessary when the fibrous planes have yielded 
to such an extent that repair is impossible without encroaching on the 
muscles, or when, with a lesser degree of fibrous tissue damage, the 
muscles are also inefficient. Any yielding of the posterior wall itself, 
'that is, of the part medial to the deep epigastric artery, is an absolute 
indication for reconstruction. Enlargement of the ring lateral to the 
deep epigastric artery is remediable if the stretching is moderate, the 
margins of the defect firm and defined, and the inguinal muscles good ; 
but beyond a certain point, which for practical purposes may be taken 
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as a diameter of 3 cms., tlie enlarging ring encroaches to such an extent 
on the posterior wall that the failure becomes a general one of 
the fibrous planes of the canal. An estimation of the condition of the 
muscles is therefore of decisive importance only in those cases where the 
fibrous defect is considered reparable provided the muscles can play 
their part. Replacement of the fibres of the cremaster by connective 
tissue or fat, a general bulging of the conjoined muscle, or a pale flabby 
appearance of its fibres, will determine the surgeon to reconstruct 
rather than to restore. 

The reconstruction of a failed inguinal canal would be simple were 
the surgeon given the relatively straightforward task of closing the whole 
defect, as he would an incisional hernia, and not the more complex one 
of providing sound repair while allowing free passage to the spermatic 
cord. Castration can only be considered in exceptional cases, while the 
expedient of reducing the diameter of the cord by excising the greater 
part of the pampiniform plexus, a step which formed part of the original 
Halsted operation, has been abandoned because of the unfortunate 
sequelae — pain, hydrocele, and atrophy of the testis — which follow it in 
many cases. The problem has been approached in many ways, but the 
suggested operations fall into two great sub-divisions : the operations 
of repair anterior to the cord, and the posterior repair operations. The 
student himself must decide which type of repair is the more rational, 
and be guided in his decision by principles rather than by the “ witch 
words ” with which surgeons, hardly less than parsons and politicians, 
are prone to suggest the answer by the way they word the question. 
Advocates of anterior repair claim that the cord is not “ dislocated ” 
from its bed ; the same men do not “ dislocate ” themselves or their 
patients from bed, and employ a word suggesting violent rupture from 
firm natural bonds, because they have already decided that they do not 
wish to reach the posterior wall of the canal. In my opinion the deciding 
factor is that surgical repair depends ultimately upon the production of 
firm fibrous tissue, and a fibrous channel transmitting a bundle of blood- 
vessels must be long and oblique to be secure. An efficiently performed 
posterior repair will transmit the cord through two openings, each 
rigid and of the required diameter, and placed far apart in strong 
anterior and posterior walls. Anterior repair, which takes no cognisance ' 
of the posterior wall, may make a rampart equally strong, but the 
channel which it leaves for the cord will eventually become a direct one, 
lying close to the pubic spine (fig. 2003). 

I propose, therefore, to describe first the operation of posterior 
reconstruction, giving preference to those methods which I have 
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personally found satisfactory, and to follow those with a short descrip- 
tion of other methods of posterior repair, and of representatives of the 
anterior method which are favoured by surgeons in many parts of 
the world. 

( 1 ) Silk lattice repair of the inguinal canal. 

The reconstruction operation described is based upon the Gallie 
method of fascial suture, and the “ darn and staylace ” method, which 
was well described by Sampson Handley in the June 1918 issue of 
The Practitioner. The advantages and disadvantages of silk and fascia 
have been discussed on page 3610. 

The preliminary steps are those of the standard operation described 
on page 3G26. The skin-crease incision is advised, and, where silk is 
used, has the additional advantage that the early removal of sutures, 
and the divergence between the plane of the incision in the sub- 
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cutaneous layers and that of the musculo-aponcurotic structures, pro- 
vide further safeguards against chance infection from without. The 
external oblique and cremasteric layers are divided and reflected in 
turn, and the cord lifted from its bed (fig. 2004). If the hernia is an 
oblique one, the sac is separated from the cord in the usual way, 
isolated to its neck, ligatured and cut of! ; if it is direct, the sac should, 
except for very special reasons, be left imdisturbed. To excise the wide 
sac of a direct hernia adds nothing to safety, for such herni® do not 
strangulate ; it does not increase security, for it stretches thinned 
tissues still further: on the other hand, it may involve the risk of 
wounding the bladder, and in any case produces a scar on the peritoneal 
surface of the inguinal region. 

The aim of the operation being to produce a uniform fibrous sheet 
protecting the whole posterior wall of the inguinal canal, and leaving 
only on aperture for the passage of the cord, it is first necessary to 
prepare the two ends of the canal (fig. 2005). At the medial end the 
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repair must extend down to the meeting-point of the insertions of 
Poupart’s ligament and the rectus sheath on the body of the pubis. 
This point is covered and obscured by the fibres of the cremaster which 
sweep from the inguinal canal into the scrotum. It is therefore neces- 
sary to cut round the cord at this level with scissors, so that the muscle- 
fibres drop back into the inguinal canal and the cord itself remains 
bare : a small artery in the cremaster usually requires ligature at this 
point. At the lateral end of the canal it is necessary to reconstruct an 
internal ring lying at the periphery of the weakened one. The muscles 
are therefore retracted and the cord pushed to the outermost part of 
the stretched ring. If, in the case of a large oblique hernia, the ring 
has been so dilated that its outermost part cannot be reached by 
retraction, the internal oblique may be divided at its origin from 
Poupart’s ligament for a distance of half an inch to provide access. 

F *Q 2003 — Posterior RECONSTRUCTION. 

PrETARATIOW OP THE TWO DPS OP THE 
TAILED INGUINAL CANAL TO ALLOW THE POS- 
TERIOR WALL TO BE RETT FORCED THROUGH. 

OCT ITS LENGTH 

A. ISCIHON OP INTERNAL ORUQCE TO 
ALLOW THE END TO BE DISPLACED TO THE 
OUTERMOST LIMITS OP THE STRETCHED 

Biso. This step is necessary osly ei 

THE WORST CASES. 

IS PocpaRt’s ligament 
CasbD Lower and epper flaps op cre- 
master CCT FREE FROM COED TO ALLOW 
ACCURATE CLOSURE or THE DEFECT AT 

The lattice is constructed with a strand of No. 4 Chinese twist silk, 
boiled, soaked in >t?oB flavine solution, and threaded on a small curved 
round-bodied needle (see pages 3639 and 3640). Twenty-four to 
twenty-six inches are required fora complete reconstruction, but as such 
a length is unwieldy I usually work with an 18-inch suture and join 
another for the return layer. The first stitch takes a firm bite of the 
deep aspect of Poupart’s ligament at its insertion into the pubic spine 
and of the conjoined tendon where it becomes anterior rectus sheath in 
the immediate vicinity (fig. 2006 ; see also fig. 2015) ; the silk is knotted 
and the short end caught with artery forceps. The cord is then held 
out of the way while the suture is continued in a lateral direction, 
taking first a bite of the recurved edge of Poupart’s ligament, then of 
each side of the cremaster, then of conjoined tendon, and then back to 
Poupart’s ligament. The stitches are placed about four to the inch, and 
are drawn tight enough to lie straight, but not to put any strain on 
Poupart’s ligament or to pull it out of line. As the internal ring 
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is approached, the cord is held firmly outwards with the muscles, 
and the suture is continued til! it can be felt that only an opening 
the size of the tip of the little finger remains below the arch of the 
muscles. 

The next step is to reinforce the ring. The silk is knotted on the 
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conjoined tendon ; then carried transversely across above the cord, 
passed through muscle and knotted again ; then brought downwards 
to pick up Poupart’s ligament lateral to the cord and once more 



knotted ; the three stitches are then repeated in the reverse direction, 
l>eing knotted at each angle so that the emerging cord is surrounded 
by a double ring of reinforcing silk. ' 

f The suture is now continued back to the inner side of the canal 
' with a wider traverse, taking on the one side a bite of the free edge of 
. Poupart *s ligament between the stitches of the previous row, and on the 
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other the aponeurotic structures where the obliqae muscles become 
tendinous at the outer border of the rectus (fig. 2007), As before, each 
stitch is pulled firm but not tight. "When completed, the latticed 
area should present a definite resistance to the finger like last year’s 
tennis racket, but the stitch holes should nowhere show any evidence 
of tension. At the inner end of the canal the free silk is tied to the first 
suture and both are cut short. 

The cord is now laid back on its new bed, the external oblique 
aponeurosis repaired, with overlap if it has been much stretched, and 
the superficial layers closed in the manner previously described. 

(2) Game's operation . 

Gallie’s investigations into the repair of fibrous tissues, and his 
description of the operation of fascial suture as applied to the cure of 
large hemiae, have probably had more far-reaching effects and been of 
greater benefit to mankind than any surgical discovery of this century. 
By the methods he so ingeniously devised, many men who would other- 
wise have been condemned to a life of restricted activity have been 
returned to full work and health. For personal reasons that I have 
attempted to explain on page 3611, I prefer silk to fascial suture in 
the inguinal canal ; but the method of Gallie, here described, is used 
with satisfaction by surgeons in every country. 

The preliminary steps of the operation will be identical with those 
described for silk repair ; the subsequent ones may be quoted from the 
author’s article. (W. E. Gallie and A. B. Le Mesurier, Brit. Journ. 
Surg., 1924, XII, 4G, 315-319.) “The first suture of fascia lata, a 
quarter of an inch wide, is anchored securely into the rectus sheath 
closfe to its attachment to the pubic bone. The needle is now passed 
behind the spermatic cord to pierce Poupart’s ligament at its insertion 
into the pubic spine. If possible it should be made to pick up the 
periosteum to make the security of its fixation more certain (fig. 2008). 
When the suture is drawn taut, the weakest spot in the abdominal 
wall, namely, that which lies behind the external abdominal ring, is 
filled with a tough aponeurotic tissue which effectively prevents any 
bulging through the ring. The sewing is continued in an outward 
direction, drawing the internal oblique muscle to the reflected portion 
of Poupart’s ligament behind the cord, until the position of the internal 
ring is reached. Here the suture is locked and then carried to the outer 
side of the ring, where a supporting stitch is inserted. In this way the 
cord, at the point where it disappears through the abdominal wall, is 
surrounded by a fibrous ring which will effectively prevent the develop- 
ment of a hernia at this point. By locking each stitch at this stage the 



3646 


POST-GRADUATE SURGERY 


possibility of undue constriction of the cord is prevented. The sewing 
of the internal oblique muscle to Poupart’s ligament in this manner is 
a detail of the operation which in our opinion is of very little value in 
preventing recurrence of the hernia. It is of value, however, in per- 
manently covering the peritoneum with a thick layer of muscle which 
will prevent the protrusion of peritoneum through the chinks of the 
next layer of sutures, which is the important one in the prevention of 
recurrence. This layer commences as a continuation of the first. 
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at the outer side of the internal ring. The needle takes a solid bite of 
the abdominal aponeurosis at its point of fusion with the external 
oblique and is then passed behind the cord to pick up Poupart’s liga- 
ment. The suture is carried backward and forward across the space, 
with frequent lock-stitches, until the sheath of the rectus is reached, 
and this also is woven to Poupart’s ligament until the whole space is 
filled with fascia down to the pubic spine. Xo attempt is made with 
the second row of sutures to drag the abdominal aponeurosis and the 
rectus sheath out of their normal positions. Xo greater tension is 
exerted on the sutures than is sufficient to make them lie flat. The 
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whole idea of the operation is to fill the weak spot in the abdominal wall 
with what may be called a filigree of living aponeurosis, and to depend 
on the strength of this filigree and on its grip on the surrounding tissues 
for the cure of the hernia. What one does with the external oblique 
is of relatively little importance. Usually in direct hernia it is too weak 
to be of any value to the surgeon. In our earlier operations we closed 
it down to the external ring with a narrow strip of fascia, but in the last 
four years we have simply sewn it up with catgut.” 

(3) Fascial repair by strips cut from the external oblique. 

Gallie’s method of fascial suture may be carried out in suitable cases 
with strips J-inch wide cut from the upper and lower flaps of the external 
oblique aponeurosis. The strips are left attached at the pubic end, 
where they form part of the pillars of the external ring ; their lateral 
end is divided where the aponeurosis joins the muscle-fibres, -^.nd is 
threaded through a fascial needle in the same manner as a strip cut 
from the thigh. 

The advantages of such an expedient are apparent. The opsration 
is shortened, no second incision is required, a local anaesthetic is quite 
adequate for the whole procedure, and the first anchoring stitch is 
avoided as the strips are already attached to bone. On the other hand, 
the fascial material is almost necessarily limited to two strips, and in a 
large hernia these may be of poor quality. The length of the strips will 
rarely exceed seven inches, and while it is quite possible with two such 
sutures to carry out Gallie’s double reinforcement of the posterior wall, 
it is difficult to reinforce the internal ring with a two-fold girdle of 
fascia in the manner he recommends. The method is therefore 
eminently suitable for defects of moderate size requiring reconstruction, 
but inadequate for the major problems of inguinal repair. 

The details of this operation, which resembles Gallie’s in all 
essentials, can be understood by reference to the preceding section. 

(4) The Wyllys Andrews imbrication operation. 

This operation, published as long ago as 1895, has maintained its 
place as a soundly planned method of reconstruction of the posterior 
wall of the inguinal canal, which is eminently suitable for those cases 
where the tissues are sufficiently good to permit the firm imbrication 
of aponeurotic tissues, upon which its success depends. (Andrews, 
Surg. Clinics of N. America, 1934, XIV, 919.) 

The skin incision and the exposure of the external oblique aponeur- 
osis are made in the usual manner, except that the pillars of the 
external ring must be defined with particular care, and the subcutaneous 
tissues must be cleared from the aponeurotic layers a full inch below 
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Poupart's ligament. The incision in the external oblique is also made 
as in the standard operation, but must be so placed that the lower 
aponeurotic flap is sufficiently wide to cover the cord at the end of the 
operation— that is, it must lie at least 3 to 4 cms. above Poupart’s liga- 
ment. When the aponeurotic flaps have been reflected the cremaster 
is incised, the cord lifted from its bed, and the hernial sac dissected 
out and ligatured in the usual manner. The essential part of this 
operation is that the inguinal canal is reconstructed by forming a strong 
fibro-niuscular posterior wall behind the cord, consisting of conjoined 
tendon, cremaster and upper leaf of the external oblique aponeurosis. 
This flap is brought down to Poupart’s ligament, in the original Wyllys 
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Andrews tcclinique, by a small number of very stout mattress sutures of 
stout kangaroo tendon placed about 2 cms. apart (fig. 2009, top). There 
does not appear to be any particular virtue in the coarseness of the 
material or in the wide spacing of the stitches, and I have used sutures 
of No. 1 chromicised catgut with perfectly satisfactory results. The 
manner of inserting the stitches is, however, important. Each is passed, 
first from the deep fascia of the thigh below Poupart’s ligament into the 
inguinal canal, while a finger guards the femoral vein from injury J 
then through the conjoined tendon and cremaster from within out wan is, 
taking a generous bite of their substance ; then back through the 
recurved edge of Poupart’s ligament ; then through the upper leaf 


HERNIA 


3051 


of the external oblique aponeurosis some distance from its edge ; 
lastly, back through the lower leaf of external oblique very close to 
Poupart’s ligament, to appear on the thigh close to its point of first 
insertion. This “ W ” stitch, which appears complicated in verbal 
description, will readily be understood by reference to figure 2009. 
The effect when the stitch is tied on the outer surface of the apo- 
neurosis is to bring the upper aponeurotic flap and the conjoined 
muscular sheet down above and below the edge of Foupart’s ligament, 
which projects between them (fig. 2009, inset). The first stitch should 
be right at the medial end of the canal, and should pass through 
Gimbernat’s ligament; the last should be just medial to the point 
of emergence of the cord from the internal ring. Each stitch, as it is 
inserted, should be caught in artery forceps, and none should be tied 
till all are in place ; if this precaution is neglected it may be difficult 
to secure the conjoined tendon with the later ones. 

When all the stitches aTe tied, a firm posterior wall will have been 
constructed behind the cord. The cord is laid back on this bed just 
above Poupart’s ligament, and the lower leaf of the external oblique 
aponeurosis is then sutured over it to make a roof for the canal (fig. 2009, 
bottom). Suture is started at the lateral end of the canal, and con- 
tinued inwards till the external ring is reduced to the size of the tip of 
the little finger. 

The essential requisite for Wyllys Andrews’ operation is a good 
external oblique aponeurosis. In many cases where it would be most 
applicable, this layer is so stretched and thinned by an old-standing 
hernia and the pressure of a truss, that it is of little value as repair 
material. 

Girard described a similar operation to that of Wyllys Andrews in 
1898. 

(5) Other methods of -posterior repair . 

(a) Bassinis operation. The skin is divided in the line of the inguinal 
canal, and the external oblique is exposed and incised from the external 
ring to a short distance above the internal one. The cord bundle is 
freed from cremasteric fibres, and the hernial sac isolated from the other 
structures in the cord as far as the internal ring, ligatured, and divided. 
The cord is next held up, while the arching fibres of the internal oblique 
and conjoined tendon are united behind it to the inner shelving margin 
of Poupart’s ligament, to make a new floor for the inguinal canal. 
The first stitch should pick up first a good bite of the lower fibres of the 
internal oblique, then the fascial margin of the inner border of the inter- 
nal ring just medial to the cord, and then the curved edge of Poupart’s 
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ligament (fig. 2010). Subsequent stitches will pass through the lower 
edge of the conjoined tendon and the cremasteric fibres which spring 
from it above, and from Poupart’s ligament below. The last should 
take the conjoined tendon and the inguinal ligament close to their 
insertion. Four to six sutures in all will be required, and all should* 
be inserted before any is tied. When the row of sutures has been 
tied the cord is laid back on the bed of conjoined tendon, and the 
externa! oblique aponeurosis and skin are sutured in turn. 

This operation has already been criticised in the introductory section, 
but such criticism is directed not against the pioneer who introduced 



it, but against the men who follow him to-day. Bassini laid down 
the principles of free exposure of the canal and isolation of the sac 
up to its neck, upon which all subsequent operations are based. But the 
suture of conjoined muscle to Poupart s ligament, unless supplemented 
by something further, is useless and even harmful ; useless because 
striated muscle forms very poor fibrous tissue, harmful in the early 
cases because the muscles are an essential part of the protective 
mechanism. That Bassirn s operation in its historic form is followed by 
a high proportion of recurrences is familiar to any junior who sees the 
unselected out-patients presenting themselves to a surgical department, 
to any medical man who examines the employees of a large industrial 
concern, or to the expert adviser of truss societies. The practical 
experience of GalUe during the war should cam* conviction. Speaking 
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of the large number of recurrences after the operation for hernia which 
were sent to him for repair he writes (Brit. Joum. Surg., 1024, XII, 
315) : A few which originally had been oblique hernias had 

recurred into the cord. In all probability the sac in these cases bad 
never been completely removed. The majority, however, had recurred 
as direct hernias, irrespective of what the condition had been originally. 
. . . That hernias which were originally oblique should recur as direct 
hernias appeared to us as wanting explanation. ... It may be that 
the weakening of the abdominal wall had resulted from the original 
operation in which the fascia transversalis may have been injured or 
the abdominal muscles destroyed by tight sutures. ... In some the 
internal oblique muscle had been sutured to Poupart’s ligament in front 
of the cord. In the majority, however, the internal oblique and the 
conjoined tendon had been sewn to Poupart’s ligament behind the cord 
in an attempt to restore the obliquity of the canal. ... In every re- 
curred hernia operated upon, the internal oblique muscle had separated 
from Poupart’s ligament throughout its inner half, and in some there 
was no evidence whatever that it had been sewn to the ligament. In 
not one instance, despite the fact that the records showed that the 
conjoined tendon and the sheath of the rectus had been sewn to 
Poupart’s ligament with kangaroo tendon or catgut, did we find 
these structures together at the time of the second operation.” 

Bassini's operation stands in the same relation to hernia surgery 
that the carbolic spray does to aseptic technique : it should be kept in 
the same honoured place — the museum. 

(6) Bloodgood's rectus sheath flap. The device of turning outwards 
a semilunar flap from the anterior sheath of the rectus to reinforce 
the inguinal canal has been advised and practised by many surgeons. 
It is most commonly referred to as Bloodgood’s contribution to the 
elaborated and perfected form of Halsted’s anterior method of repair 
which is often termed the Johns Hopkins operation. (W. S. Halsted, 
Johns Hopkins Hosp. Bull., 1903, XIV, 208.) The rectus sheath flap is, 
however, not necessarily associated with anterior repair, and is used by 
many surgeons to reinforce the muscular sheets in a posterior recon- 
struction operation, much as the upper leaf of the external oblique 
is used in the Wyllys Andrews method. The diagram {fig. 2013) 
explains the method of cutting and suturing the flap. 

While this method undoubtedly provides a strong aponeurotic 
flap, it leaves at the same -time an unguarded area at the outer border 
of the rectus muscle, an area which is only protected by a thin sheet of 
transversalis fascia, and which is made wider by the suture of the 
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flap to Ponpart’s ligament. The likelihood of a direct hernia is therefore 

a real one. 

Several surgeons (Downs, Schley, Blake) have advocated lateral 
displacement and suture to Poupart's ligament of the rectus muscle 
itself. Modern opinion tends to the view that striated muscle is a first- 
class ally when allowed to do its own job ; displaced, transplanted, or 
pulled upon by stitches it is thoroughly unreliable. Gallie’s remarks 
upon the late results of internal oblique suture apply with even more 
force to the operation of rectus displacement. 
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(c) Schmieden's operation. Schmieden of Frankfurt has recently 
published a new method of posterior repair which, while it has not 
yet been widely tested, appears to be worthy of trial. After isolation 
and ligature of the sac in the usual manner, he pulls upon the cord and 
dissects the testis entirely free from the scrotum. The interna! oblique 
and transversalis muscles are then split in the line of their fibres by 
blunt dissection about one inch above the internal ring (fig. 2012). 
The testis is drawn through this aperture, which is then narrowed by 
one or two catgut stitches to the exact size of the cord. The inguinal 
canal proper is completely obliterated by suture of the conjoined muscles 
to Poupart's ligament throughout their length. The testis is replaced 
in the scrotum, and the external oblique repaired over the cord. 

Schmieden’s operation is clearly an elaboration of BessiniV. It 
has two apparent advantages : first, that the cord, instead of passing 
from the inner margin of a stretched ring through muscles already 
weakened, but brought together by suture, now runs outwards from the 
peripheral part of the ring through a fresh incision in healthy muscles ; 
and second, that the new inguinal canal is longer and more oblique 
than that which it replaces. In criticism it must l>e pointed out that 




(6) The anterior methods of repair. 

(a) Halsted's operation. The skin and external oblique aponeurosis 
are incised over the inguinal canal, and the external oblique flaps are 
dissected back to show clearly the cremaster and conjoined tendon. 
The cremaster is incised longitudinally a little above the centre of the 
cord. The hernial sac is then identified, separated by dissection from 
the structures of the cord right up to the infernal ring, transfixed, 
ligatured, and cut across. During this step the other constituents of 
the cord, and particularly the vas, are left on the posterior wall of the 
canal, and indeed disturbed as little as possible. The muscular layers are 
then imbricated over the cord in the following manner : The lower flap 
of cremaster is first drawn up under the internal oblique and conjoined 
tendon by a series of mattress sutures of fine catgut passed through 
its free edge and then through the internal oblique muscle about 
an inch above its lower border (fig. 2013, top) ; the conjoined tendon 
is then sutured to Poupart’s ligament by a series of interrupted stitches 
(fig. 2013, bottom). The operation is sometimes modified by incising 
the rectus sheath vertically to allow the conjoined tendon to he brought 
down to Poupart’s ligament with less tension, or by turning a flap 
of anterior rectus sheath over the conjoined tendon. The operation 
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is completed by suturing tbe flaps of tbe external oblique aponeurosis 
with a similar overlap to the muscular layers, the lower leaf being 
drawn under the upper one (fig. 2014). 



(6) Ferguson's operation. Tins operation is similar in its essentials 
to the Halsted operation, but, being based upon the author’s belief 
that the chief cause of hernia is a deficiency of the internal oblique 
and transversalis muscles at their origin from Poupart’s ligament, it 
concerns itself particularly with the outer half of the canal. The 
preliminary steps up to the exposure of the cord differ little from those 
of any other operation, except that Ferguson advised splitting the fibres 
of the external oblique up to n point opposite to the anteriorsupcriorilinc 
spine, in order to ensure a complete view of the deeper layers. The sac 
is dissected out and removed without disturbing the cord as in the 
Halsted operation. The internal ring is narrowed by the insertion of 
two or three catgut stitches through transversalis fascia anterior to the 
cord. The internal oblique and transversalis muscles are then stitched 
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to the recurved edge of Poupart’s ligament, the sutures starting at 
the outer end and extending no more than two-thirds of the way towards 
the pubic spine, unless the hernia 1ms been a particularly large one. 
The operation is finished by closing the external oblique aponeurosis 
with overlap, as in the Halsted operation. 

I have already expressed my personal disagreement with the 
principle of anterior repair. I would repeat these sentiments by 
quoting Gallie once again, that “ the time which is spent in prevent- 
ing a hernia from getting out of the canal is much better spent in 
preventing it from getting into it.” Both Halsted’s and Ferguson’s 
operations, by leaving the cord undisturbed, ignore the factor of medial- 
ward shift of the internal ring which is so potent a factor in recurrence. 



Ferguson’s operation, indeed, by repairing the ring anterior to the cord 
a repair that can only be done in its outer half, aggravates the shift still 
further. There is, so far as I know, no anatomical or clinical evidence 
whatever to support Ferguson’s view that the origin of the deeper 
muscles from Poupart’s ligament is deficient in hernia cases. Durin" 
a clinical career extending over twenty-six years I have either opened 
or seen opened between 3000 and 4000 inguinal canals, but I have yet 
to see such an abnormality. 

IV, Special Problems connected with Inguinal Hernia 

(1) Unusual difficulties encountered in the operation for Obli ue 
Inguinal Hernia. * 

(a) The really large hernia. An oblique hernia may, if neglecte I 
attain truly massive proportions. Every surgeon has from t' ( ’ 
time encountered such swellings, which vary in size from tl 
grape-fruit to a Rugby football or even larger, and may extend asfar 
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some of the contents will have returned to the abdomen, and the 
patient’s general resistance will be improved. 

Secondly, the great bulk of these large hernia is usually 
made up of omentum, which has increased in size during its 
residence in the sac, and only a small part of it is intestine. 
The omentum can be ligatured at the neck of the sac and cut away, 
leaving a relatively small bulk of intestine to be returned to the 
abdomen. 

Thirdly, local aniesthesia is entirely satisfactory and almost 
entirely safe for such operations ; jji the type of subject under 
discussion, it is usually to be preferred. 

Fourthly, the operation may be heroic, but it can be interrupted 
at any time, and should be if the condition of the patient gives rise 
to anxiety. I have on occasion done these large hernia operations 
in three stages, all under local anaesthesia, a week or ten days 
intervening between each : First, exposure of the sac, and ligature 
and excision of omentum ; second, freeing from adhesions and return 
to abdomen of loops of intestine, followed by closure of the neck of 
the sac by a simple purse-string suture ; third, proper isolation and 
ligature of neck, removal of remainder of sac, and closure of hernial 
canal. 

The operation wall follow the general lines of the standard one with 
such modifications as are imposed by the size of the swelling and the 
condition of the skin (a wide ellipse may be required to excise an ulcer- 
ated area). "When the cremasteric layer, here consisting of fat and 
fibrous tissue, has been reflected off the cord, the sac should be opened 
immediately and its contents dealt with from inside ; only when it has 
been emptied and closed at the internal ring should any attempt be 
made to separate it from the cord. When the sac has been excised, it is 
rarely practicable, in my experience, to attempt radical cure. The 
external oblique aponeurosis is like tissue-paper, Poupart’s ligament 
runs along the lowest nart of the deficiency as a narrow strip which 
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as the knees of the patient. The skin over them is thinned, eczematous 
or even ulcerated, and the penis is entirely buried by the swelling, so 
that the urine dribbles through a small depressed orifice, excoriating 
the surrounding area. The patient, unable to take any exercise, is 
fat, emphysematous, and constipated, and usually shows in addition 
the signs of myocardial degeneration. 

Such men present a heartbreaking surgical problem, but the majority 
have no desire for operation, and present no urgent symptoms rendering 
it necessary. Considering the technical difficulties and the risks of such 
a step, this is indeed fortunate. Some can be made comfortable and 
allowed a certain amount of activity with a bag truss ; many are 
necessarily bedridden. 

Occasionally, however, the surgeon is urgently requested to under- 
take operation in such a case, or may feel obliged to advise it himself. 
The patient may be younger than usual, and some stimulus, a new 
sweetheart, the prospect of a job, or even the desire to cease dependence 
upon others, impels him to demand a chance of leading a more active 
life. Recurring attacks of partial intestinal obstruction may force the 
surgeon’s hand. 

The technical difficulties in such a case are that the operation itself 
is one of considerable magnitude, that all structures are so distorted 
and interlaid with fat that the usual landmarks are barely recognisable, 
that when the contents of the sac have been freed there is often 
insufficient room m the abdominal cavity to allow their reduction, 
and that, even supposing the contents have been reduced and the 
hernial sac tied off, the structures of the inguinal region have been 
so distorted and atrophied by pressure, that an}' form of satis- 
factory repair is impossible. The risks are even more apparent — those 
of a really severe and lengthy operation on a patient whose cardiac, 
renal and respiratory systems are only just adequate for a quiet 
existence. 

The surgeon faced with such a problem may reflect whether his 
difficulties cannot be lessened by attention to some of the following 
points : 

Firstly, in any such case, the greater part of the coverings of the 
swelling, of the contents of the sac, and of the structures in the 
abdomen into which those contents must be returned, consists of 
fat. If the patient is kept in bed with the foot of the bed raised on 
blocks 14 inches high for six weeks before operation, purged regu- 
larly, and placed on a really' strict reducing diet, not only will the 
size of the swelling to be tackled be reduced about 50 per cent, but 
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some of the contents will have returned to the abdomen, and the 
patient’s general resistance will be improved. 

Secondly, the great bulk of these large hernia) is usually 
made up of omentum, which has increased in size during its 
residence in the sac, and only a small part of it is intestine. 
The omentum can be ligatured at the neck of the sac and cut away, 
leaving a relatively small bulk of intestine to be returned to the 
abdomen. 

Thirdly , local anaesthesia is entirely satisfactory and almost 
entirely safe for such operations ; in the type of subject under 
discussion, it is usually to be preferred. 

Fourthly, the operation may be heroic, but it can be interrupted 
at any time, and should be if the condition of the patient gives rise 
to anxiety. I have on occasion done these large hernia operations 
in three stages, all under local anaesthesia, a week or ten days 
intervening between each : First, exposure of the sac, and ligature 
and excision of omentum ; second, freeing from adhesions and return 
to abdomen of loops of intestine, followed by closure of the neck of 
the sac by a simple purse-string suture ; third, proper isolation and 
ligature of neck, removal of remainder of sac, and closure of hernial 
canal. 

The operation will follow the general lines of the standard one with 
such modifications as are imposed by the size of the swelling and the 
condition of the skin (a wide ellipse may be required to excise an ulcer- 
ated area). When the cremasteric layer, here consisting of fat and 
fibrous tissue, has been reflected off the cord, the sac should be opened 
immediately and its contents dealt with from inside ; only when it has 
been emptied and closed at the internal ring should any attempt be 
made to separate it from the cord. When the sac has been excised, it is 
rarely practicable, in my experience, to attempt radical cure. The 
external oblique aponeurosis is like tissue-paper, Poupart’s ligament 
runs along the lowest part of the deficiency as a narrow strip which 
cannot be trusted as a line of anchorage, and the conjoined tendon and 
adjacent parts of the deeper muscles are represented by pale scattered 
fibres in a mass of friable fat. In the more moderate hernia), fascial 
suture may be undertaken, but in the worst ones the surgeon must be 
content with approximating such structures as he can find behind the 
cord with catgut sutures. Such an operation is not a radical cure in 
any sense ; but the sac has been excised, its contents have been 
returned to the abdomen, and the hernial opening has been closed. A 
well-made belt with a large pad protecting the inguinal region will 
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allow the patient a degree of activity which, compared with his former 
state, means a new lease of life. 

(6) Sliding hernia. The term “ sliding hernia ” indicates one in 
which increasing size has dragged down the adjacent parietal perito- 
neum into the hernial canal, and with it some neighbouring organ nor- 
mally situated behind it. The hernial swelling therefore consists in part 
of a serous sac with the usual contents — omentum, or omentum and 
bowel — and in part of an organ which lies in the hernial canal beside the 
sac. that is, covered by its peritoneum on one aspect only. For practical 
purposes the organs found in a sliding hernia are either large intestine, 
the ciecum on the right and iliac colon on the left, or the bladder. The 
conditions under which these two organs are encountered in hernia 
surgery are so different that I propose to treat each separately. 

The large intestine is usually encountered in the para-peritoneal 
situation in large, old-standing, oblique hernia?, very rarely in direct 
ones, and more commonly on the right side than the left. The condition 
is rarely recognisable with certainty on clinical examination ; the swell- 
ing will not be completely reducible, but usually all that the surgeon is 
able to decide before operation is that the hernia is a large one of the 
type in which complete reconstruction of the inguinal canal will almost 
certainly be required. Even at operation the true state of things may 
not be immediately apparent. The sac when first picked up after reflec- 
tion of the cremaster presents no unusual appearances except that it 
cannot be rendered empty, and the stripping of vessels at first proceeds 
according to plan ; a point is reached, however, when it becomes 
apparent that the tissue under the left thumb is plain muscle and not 
peritoneum, and that the vessels which lie along it are not those of the 
cord, but the posterior cascal vessels in the wall of the bowel. A 
surgeon encountering such a hernia at his first operation is almost bound 
for disaster ; be will proceed with the methodical blunt dissection till 
lie has either torn a hole in the ciecum or is brought to a standstill by 
furious bleeding from the occal vessels. One who has served his 
apprenticeship under supervision will be familiar by repeated handling 
of the usual hernias with the feel and the white appearance of the normal 
sac, and tbe parallel arrangement and characteristic blanching and 
filling of the spermatic vessels as they are peeled off it. If lie meets 
anything unusual bowel which is slack yet will not reduce, peritoneum 
merging into a surface that is clearly plain muscle, or vessels that tear 
rather than separate he will at once open the sac at some point 
where its wall is clearly not adherent, and see what he is dealing with. 
A sac should in any case be emptied, if possible before it is separated 
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from tlie cord ; should this he impossible (the usual cause is adherent 
omentum), and provided that the surgeon is satisfied that omentum 
only lies in the sac, he may proceed to isolate it. In the case of any 
largo oblique hernia apparently containing bowel which cannot be 
reduced, he should proceed with the greatest care, and in most cases 
open the sac first. 

The bladder is not infrequently found as part of the wall of a direct 
inguinal hernia, but it may also come to lie as a relation of the inner side 
of the neck of a large, old-standing oblique one. The presence of the 
bladder in a hernia is often recognised upon clinical grounds by the 
history of double micturition. The patient discovers that after empty- 
ing his bladder he can produce a further flow of urine by some change of 
position, or by pressing on the hernia. If the surgeon follows the rule 
that the sac of a direct hernia should not be opened, and that that of 
an oblique one should he isolated, firstly half-way down the inguinal 
canal, then at the fundus, and lastly at the neck, he need have little 
fear of injuring the bladder. He will be warned by a sudden thickening 
of the neck of the sac at its inner side, and by the appearance of scattered 
muscle bundles and large veins, and will explore the bladder region by 
a finger in the neck of the sac. 

Should the caecum or bladder be wounded, the rent must be repaired 
at once with a double row of sutures. After a crecal tear, the whole 
canal should be swabbed out with T *o flavine solution, and a corrugated 
rubber drain left in the wound for forty-eight hours ; after a tear of the 
bladder, a catheter should be tied in. 

The sac of a sliding hernia can only be removed where it is free 
from the extruded viscus — that is, in its more distal portions. Such 
redundant peritoneum should be cut away freely with scissors, the 
opening closed with a purse-string suture or a running stitch, and the 
remainder pushed back into the abdomen with the attached colon or 
bladder. In an old-standing hernia patient dissection may be necessary 
in the neighbourhood of the internal ring, to allow the whole swelling 
to be returned to the abdomen. The posterior wall of the canal must 
then be repaired over the weakened area by one of the methods of recon- 
struction described previously. Some writers advise that repair of a 
sliding hernia should be followed by some form of colopexy. The 
surgeon who believes that these p exy operations serve any useful 
purpose may be tempted to follow this advice. 

The account of sliding hernia given above has necessarily dealt 
with a very large and important aspect of hernial surgery in a simplified 
way, and from an extremely practical outlook. The reader who washes 
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to pursue the subject further will find it discussed in great detail in 
L. F. Watson’s book Hernia, Chapters XXIII to XXVII (London, 
Henry Kimpton, 1924). 

(c) Interstitial hernia. An interstitial hernia is an oblique hernia 
in which the disposition of the peritoneal sac departs from the normal 
course of the cord and funiculaT process. The whole sac may be so 
displaced ; more often the abnormality is an aberrant diverticulum 
from a sac which lies in the fascial sheath of the coTd, the two communi- 
cating with the abdominal cavity by a common opening. An inter- 
stitial hernia is usually an accompaniment of late or imperfect descent 
of the testicle ; but it may also be acquired, the result of abdominal 
pressure distending the proximal part of a sac whose distal portion is 
blocked by adhesions or the pressure of a truss. Three varieties are 
described : 

(1) The Properifoneal, where the sac extends within the abdominal 
wall between the peritoneum and transversalis fascia. The 
properitoneal sac may pass inwards towards the bladder and 
pubis, or outwards parallel to Poupart’s ligament. 

(2) The Intra-muscalar, lying between the external oblique aponeur- 
osis and the internal oblique muscle ; such a hernia may extend 
laterally, parallel to Poupart’s ligament, or directly upwards. 

(3) The Superficial, in which the sac, after leaving the external ring, 
turns back over the abdominal wall instead of reaching into the 
scrotum. 

Of the three varieties, the first rarely gives rise to any symptoms or 
physical signs whereby it can be recognised. The second and third 
present swellings with the main characters of an inguinal hernia, but 
lying in an unusual site. The intra-muscular hernia can usually he 
diagnosed by the manner in which its outline becomes obscured when 
the external oblique muscle is put into action. The superficial type is 
occasionally mistaken for a femoral hernia. 

Except in strangulation, when the concealment of an obstructed 
loop in such a diverticulum may cause some confusion at operation, 
these interstitial hernia: are of little more than academic interest. 
The surgeon who dissects the inguinal canal layer by layer will have 
no difficulty in recognising such abnormalities, even should he not 
suspect them beforehand, or in dealing with them when he meets 
them. 

(rf) Recurrent hernia. The operative treatment of a recurrent 
inguinal hernia differs from that of a primary one only in the added 
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difficulty in establishing the planes and exposing the defect which is 
inevitable where a previous operation has been performed. The guiding 
principle of all repair surgery — to expose structures where they are 
normal — governs the method of approach. 

The cutaneous scar of the previous incision is first outlined with an 
elliptic cut, and this cut is deepened through the fat above and below 
the operation area till the aponeurotic layer is exposed. When this 
layer has been defined all round, the ellipse of fat and skin is cut away 
with a sweep of the knife. A little trimming with knife or scissors will 
then define the old suture line in the external oblique. The aponeurosis 
is next slit with a knife in the line of the old incision, but just above its 
upper end, in order to open the subaponeurotic layer where it is 
unscarred. The closed Mayo scissors are pushed into this slit and worked 
down between the aponeurotic and muscular layers till the ring is 
reached ; when the plane has thus been freed, the slit is extended down 
through the old scar into the external ring, and the flaps are turned up 
and down. 

The nature of the subsequent steps will depend entirely upon the 
condition which is now disclosed, and the decision of the surgeon will 
be based upon the same principles which guide him in operating upon 
a primary hernia. In a surprising number of cases there is an almost 
virginal inguinal canal, containing a complete congenital sac; it is 
clear that the previous operator has either missed his bearings, as may 
easily happen if the repair was done during infancy, or has been forced 
by some ansesthetic difficulty to abandon the operation uncompleted. 
In the majority, however, the hernia has recurred as a direct one, and 
some form of plastic reconstruction is required. 

(2) The localised form of Direct Hernia. 

This type of hernia, which is admittedly a rarity, and which I have 
not found described in any of the works I have consulted, is referred to 
on page 3620 ; I have met perhaps half a dozen instances. The hernial 
opening is medial to the deep epigastric artery, but is not a giving way 
of the whole region, but a circumscribed aperture with sharp margins 
in a firm posterior wall. The sac is tubular and emerges through the 
external ring beside the cord. The hernia is therefore believed to be 
oblique and an operation is undertaken on this diagnosis ; only when the 
cremaster has been reflected does its nature become clear. Whatever 
the origin of the defect, its repair is an extremely simple matter, requir- 
ing no more than excision of the sac and approximation of the margins 
of the opening, either by silk or by a simple pedieled aponeurotic 
strip cut from the upper leaf of the external oblique. 
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(3) Methods of approach to Inguinal Hernia other than through the 
Inguinal Canal. 

(а) Through the abdominal cacitg. Both Aruiandale and Lawson 
Tait formerly practised an approach to the inguinal canal by a mid- 
line laparotomy incision. More recently G. P. La Roque (Surg., 
Gtjn. and Obst., 1919, XXIX, 507) advised opening the peritoneal 
cavity well above the internal ring by splitting the internal oblique 
and transversahs muscles about an inch above their lower margin, 
after exposing the sac in the inguinal canal. He inverts the sac into the 
upper incision and sutures across the peritoneum well above its neck, 
passing these sutures also through the new opening. It is difficult to 
see any real gain in either method. Plastic operations upon the peri- 
toneum will avail little if the fibrous or muscular defences of the canal 
have given way, and inversion of the sac may damage the intenia! ring. 

(б) The extra-peritoneal approach. Lenthal Cheatle ( B.M.J . , 1921, 
II, 1025), and more recently Professor A. K. Henry ( Lancet , 193G, 
I, 532), have advocated approach to the inguinal canal by the extra- 
peritoneal route, through a mid-line incision. By pushing the peri- 
toneum back from the transversalis fascia, the back of the inguinal 
canal and the internal ring is reached with extraordinary ease and 
rapidity. Removal of the sac from the inguinal canal is obviously 
a much more intricate problem, and the surgeon who is familiar with 
the prolonged and careful dissection which is required to separate sac 
from coni in the usual operation, may feel alarmed at the prospect 
of this “ blind extraction.” Both surgeons admit the difficulty : 
Cheatle advises that when separation is not easy, the sac should be 
divided and its distal part left in the canal, while Henry states that the 
dissection is made comparatively simple if an assistant keeps the cord 
taut by holding down the testis in the scrotum. 

"Whether the extra -peritoneal method will prove of real value in the 
surgery of inguinal hernia cannot be decided till it has had a more 
extended trial. Henry has probably contributed more advances of 
real importance to technical surgery, in the way' of new routes of 
approach planned upon anatomical lines, than any* other surgeon in 
active practice to-day. His recommendation alone should ensure the 
method a trial, and his claim that the internal ring and posterior wall 
may be repaired more readily from within than without, is, on the 
face of it, a reasonable one. 
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Femoral Hernia 

A review of the accepted teaching of anatomical text-hooks is even 
less necessary in this section than in that devoted to inguinal hernia. 
There would be no femoral hernia problem were the lower limb fixed, 
like the upper, entirely to the outer framework of the trunk. Unfor- 
tunately the whole group of the flexor muscles of the thigh extends well 
into the abdomen, indeed above it into the thorax. The abdominal 
musculature is everywhere firmly anchored to the bony and ligamentous 
boundaries of the cavity, except where this troublesome group of 
muscles must be allowed exit. The shallow trough in which they run 
is bridged by Poupart’s ligament, which is anchored to its two margins, 
the anterior superior spine of the ilium and the spine of the pubis. 
The anchorage at the inner end is continued by Gimbernat’s ligament 
which, separately named, can only be viewed as the deeper part of 
Poupart’s ligament, fanned out for more secure attachment. Gimber- 
nat’s ligament, then, fills up the outer angle of the flexor trough ; 
it is roughly an equilateral triangle, whose apex is at the pubic spine, 
one of whose margins is continuous with Poupart’s ligament, another 
attached from the pubic spine along the inner end of the ilio-pectineal 
line, the third free and facing outwards towards the sub-Poupart 
trough. On the ilio-pectineal line, Gimbernat’s ligament is sandwiched 
between two other structures of surgical importance (fig. 2015), the 
origin of pectineus below (an origin which is linear and tendinous and 
not wide as illustrated in books on osteology ; the tendon of origin is 
known as Astley Cooper’s ligament) and the insertion of the conjoined 
tendon on its pelvic side. 

Poupart’s ligament is secure enough above — it is part of the 
abdominal musculature ; below, its security appears to depend on 
faith and fibrous tissue (fig. 2016). The fascia lining the abdomen, 
transversalis fascia in front and iliac fascia behind, sweeps round in a 
continuous sheet, gaining attachment to Poupart’s ligament as it 
passes behind it ; the same fascia is, however, continued into the 
thigh as the sheath of the iliacus and psoas, so that Poupart’s ligament 
is fixed to these muscles where they pass under it by connective tissue 
3665 
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bands. Nerves and muscles pass into the tliigh. The nerves, arising 
from the vertebral canal, are always behind the fascia ; but the vessels, 
coming from trunks which lie on the vertebral bodies in front of the 
posterior muscles, are in front of their fascia, and hence, reaching 
a point where this fascia sweeps up behind Poupart’s ligament to reach 
the anterior wall, they must push through it, carrying a fasciat coat 
on their walls. This coat is the femoral sheath. 

In the thigh the fascia iliaca becomes the deep fascia covering the 
flexor group of muscles to the outer side of the femoral vessels. A new 
fascial layer, that over the pectineus, appears in the thigh behind the 
vessels, and this sheath, known here as the pubic fascia, is attached to 
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the femoral sheath in front, and through that to Poupart’s ligament, 
and behind dips down in the interval between the pectineus and psoas 
to become firmly fixed to the ilio-pectineal eminence and the capsule 
of the hip-joint. This band, the connective tissue web extending 
back from Poupart's ligament, embracing the femoral vessels, and 
anchored behind to the framework of the pelvis, is the only one stout 
enough to be demonstrable by ordinary methods of dissection. 

The two fascial layers in the thigh, the iliac laterally and the 
pubic medially, bleiul below the point where the saphenous joins the 
common femoral vein. Above this point the iliac fascia stops short in 
a sharp border which bounds the saphenous opening laterally, and 
then sweeps above it ns the falciform or Key's ligament, to join the inner 
end of Poupart's ligament, and through it Gimbernat’s ligament; 
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the pubic fascia lias no real margin but passes behind the vessels as 
has been described. The saphenous opening is bridged by a thin sheath 
— the cribriform fascia. A sketch of the sub-Poupart trough, and one 
of the attachments to the ilio-pectineal line is appended (figs. 2015 and 
2016). 

When these somewhat indefinite moorings of Poupart’s ligament 
are considered, it might be expected that the abdominal contents would 
force their way under it into the thigh at almost any point, if propelled 
by repeated pressure. Such is actually the case ; hernia) are seen out- 
side, behind, and in front of the femoral vessels, and even through 
Gimbernat’s ligament and between the pectineus and its fascia. All 
these are, however, rarities, seldom encountered in the ordinary surgical 
lifetime. A sub-Poupart hernia is nearly always through the crural 
canal — that is, a femoral hernia. 

The crural canal is described as the innermost of three compart- 
ments of the femoral sheath — the arterial, the venous, and the crural 
canal. Its walls are the same fascial layers. Above, it has an opening 
bounded by Gimbernat’s ligament medially, Poupart’s ligament in 
front, the origin of pectineus behind, and the femoral vein laterally ; 
the opening is sealed from the peritoneum by a fibrous sheet, the 
septum crurale. Below, its walls converge to join the femoral sheath. 
The contents of the canal are said to be fat, a lymph gland, and lymph 
channels running from the deep femoral to the external iliac group of 
glands. Thus far is orthodox teaching ; but the conscientious demon- 
strator in the dissecting-room who is asked by the student to show 
him the crural canal is torn between his desire to support authority 
and the faith of the young, and his inability to produce anything 
convincing. It is more rational to regard this channel, with Keith, 
as a hypothetical space and a dissecting-room product — in reality the 
inner half of the venous compartment. The circulation of the thigh 
during activity may he increased anything from ten to twenty times, 
and to carry this augmented flow of blood the femoral vein must have 
room in the rigid sub-Poupart trough to increase its cross-section. 
Under such conditions it is probable that there is no crural canal ; 
after death there is no circulation and the crural canal appears. 

These anatomical and functional considerations have a very definite 
bearing upon the surgery of femoral hernia ; if accepted, they neces- 
sarily imply certain conclusions which must govern the principles 
upon which operations are designed : 

1. That the hernial opening begins, and the neck of the peritoneal 
sac lies, at the inner edge of Gimbernat’s ligament. This level is well 
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above Poupart’s ligament and still mote remote from, the saphenous 
opening. The sac cannot, therefore, be controlled up to its neck by 
any form of truss, nor can its junction with the parietal peritoneum 
be reached by any approach from below, except after an amount of 
traction and forcible separation of fibrous planes which is more likely 
to invite recurrence than is high ligation to prevent it. For the same 
reason the crural opening cannot he closed securely and safely at its 
commencement by any method of suture from the thigh. 

2. That Poupart’s ligament depends for its security less upon 
demonstrable bonds than upon a wide fascial anchorage. Any avoidable 
damage to these fibrous planes, 
such, for instance, as that caused by 
dragging a femoral sac from the 
thigh to the abdomen through the 
crural canal, will, on the face of 
it, induce a weakness for which 
subsequent repair may not 
adequately atone. 

3. That the crural canal is a 
sub-compartment of the venous 
channel, and Foupart’s ligament is 
the selvedge of the anterior abdom- 
inal muscular sheet. Any method of closing the hernial channel which 
depends upon fixing down Foupart’s ligament is unsound on botli counts, 
because it must compress the vascular tunnel in an antero-posterior 
direction, and because the fixation must in time yield to the continual 
play of the abdominal muscles (fig. 2017). 
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TIIE ETIOLOGY OF FEMORAL IIEIiXM 

Hamilton Russell, whose exposition of the congenital nature of 
oblique inguinal hernia has formed the basis of contemporary teaching, 
has endeavoured to apply the same theory to the formation of femoral 
hernia. (Lancd, 190G, II, 1197; Bril. Journ. Surg., 1923, XI, 148; 
and Surg., Gyn., Obst 192G, XLIII, 147.) His view is that, with the 
growth of the limb bud during embryonic life, the vessels to the lower 
limb arc drawn downwards from the abdominal cavity, and in some 
instances draw with them a pouch of peritoneum. In support of this 
hypothesis he states that the common directions in which a femoral sac 
extends after Iea\ ing the saphenous opening correspond to those of the 
main branches of the artery. The lingering of the congenital theory of 
femoral hernia to the present day is a tribute to Afr. Russell’s eminence 
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as a surgeon, to Lis pioneer work in inguinal hernia, and to his persistent 
enthusiasm. No support whatsoever has been forthcoming from cm- 
bryological research, from dissections of the foetus, or from operation on 
the new-born child. A peritoneal pouch has never been seen in the limb 
bud, nor was Sir Arthur Keith {Brit. Journ. Surg., 1924, XT, 455) able to 
find a femoral sac in five hundred human foetuses examined. Russell 
counters this by saying that a number of sacs are found post mortem 
in adult bodies where hernia was unsuspected, and asseverates that 
from birth to adult life the vessels to the lower limb are “ making a 
slow progress downwards,” and are therefore liable to dra" down 
peritoneum with them. The first argument can be applied to anything ♦ 
if we find gall-stones or duodenal ulcers in people who have never had 
pain, does it mean that these lesions are congenital ? The second 
suggestion is astounding ; if we are to believe that the femoral artery 
increases in length by being pulled progressively out of the abdomen 
as a worm is pulled out of a hole in the lawn, and not, as do all other 
structures in the limb, by multicentric growth, we must also believe 
that all its lateral branches arc simultaneously creeping up to the 
abdomen along its walls, or we should find them in the adult pointing 
towards the head like the bristles on an ear of barley. Why, also 
should the sac always lie to the inner side of the vein, and never accom- 
pany the artery ? To the best of my belief the majority of surgeons in 
Britain and on the Continent accept femoral hernia as perhaps the 
most typical example of an acquired defect, and find no foundation 
for the congenital theory. 

Such a summary may be too sweeping. Femoral hernia is occasion- 
ally encountered in childhood, where the factors causing an acquired 
yielding would seem to be lacking ; but it is sufficiently rare (two in 
three hundred in my own experience), and almost unknown under the 
age of ten. Two causes appear to be operative — repeated strain, and 
the development of fat which presumably weakens the fibrous planes 
of the femoral region. 

Femoral hernia is less common than inguinal, but whereas in men 
the proportion is about one femoral hernia to twenty inguinal, in 
women it is about one to three. Comparing the sexes, femoral hernia 
is about six times as common in women as in men, but this disproportion 
is almost entirely accounted for by its prevalence in women who have 
borne children ; the incidence in those who are childless is about the 
same as it is in men. Femoral hernia is then very largely a labour 
casualty, and the conditions under which civilised women bear their 
children, involving as they do a femoral vein emptied by rest and the 
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recumbent position, and abdominal contractions more prolonged and 
severe than are ever seen in savages or animals, seem ideal for its 
production. 

PATHOLOGICAL ANATOMY AND DIFFERENTIAL DIAGNOSIS 
The coverings of a femoral hernia, beyond the skin and superficial 
fascial layers, should be cribriform fascia, fat in the saphenous opening, 
femoral sheath, fat in the sheath, septum crurale, extra-peritoneal fat 
and peritoneum— that is, alternate layers of fat and fascia. Needless 
to say, these layers can never be demonstrated, but it is notorious that 
many, a most puzzling number, will be divided in turn before the 
actual sac is reached. The operator would be wise to remember the 
aphorism that “ a femoral hernia has as many layers as an onion.” 
In any case, the coverings form a bulk}’ mass, usually exceeding consider- 
ably the sac in their midst ; this bulk accounts for the well-known fact 
that, while the contents of a femoral hernia may be reducible, a palpable 
lump nearly always remains in the saphenous opening after reduction. 

The size of the sac and its coverings varies greatly, and tends to 
increase with the duration of the hernia ; the neck, however, lying in 
a rigid channel except for the wall of the vein on one side, tends to 
remain a tube of small diameter. The inguinal sac as it enlarges keeps 
its resemblance to a glove finger ; the large femoral sac becomes a 
balloon on a stalk. The swelling appears at the saphenous opening, 
and as it enlarges tends to remain there. If it alters direction it is 
usually to turn upwards over the inner cud of Poupart’s ligament. 
"While many fanciful reasons have been given for this line of extension, 
the probable explanation is that it follows the same mechanical laws 
as n ribbon of tooth-paste forced tlirough an accidental and curved 
opening in the tube. A femoral hernia first comes downwards, and then 
forwards, because further downward expansion is blocked ; cacli further 
portion as it is extruded must follow the same course, one which will 
push the head of the mass directly upwards. 

The differential diagnosis of a femoral hernia will depend, in the 
main, upon whether it is reducible or not. 

The majority met with in a surgical out-patient department are 
irreducible but quite symptomless. The sac contains nothing but 
omentum, which in course of time lias become thickened, fibrous and 
adherent to the peritoneal lining ; at the same time the outer coverings 
have increased in bulk by further deposition of fat. Such a swelling 
presents no symptoms, and no signs apart from those of a rounded 
elastic tumour in the inner half of Scarpa’s triangle. It must be dis- 
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tinguished from an enlarged inguinal lymph gland and a lipoma — the 
only conditions which it really resembles. The essential point is to 
determine that the swelling has a neck, and that this neck passes 
directly backwards just below Poupart’s ligament and just to the inner 
side of the femoral vessels. When the lump is grasped and moved 
about this can usually be demonstrated with ease. A lymphatic "land 
lies in the fascial plane, and is linked to other glands in that plane ; 
it can be moved to a limited but approximately equal extent in all 
directions. A single enlarged inguinal gland is, in any case, unusual. 
A lipoma moves with the subcutaneous fat, and can be lifted of! the 
deep fascia. A femoral hernia can only be moved in circles round its 
point of deep attachment — like the joy-stick of an aeroplane ; in most 
cases the “ stalk ” itself can be felt. 

A reducible femoral hernia may be quite clearly a hernia • that is 
it reduces, not immediately, but after a little manipulation, and it 
returns, not immediately, but after three or four coughs. Both reduc- 
tion and reappearance are accompanied by the characteristic gurgle 
of intestine, and the swelling, when distended, is resonant to percussion. 
The only difficulty in such a case arises when the sac overlies the inner 
end of Poupart’s ligament, and the diagnosis has to be made between 
a femoral and an inguinal hernia. The decision will depend upon 
tbe relation of the swelling to the pubic spine, and whether, after reduc- 
tion, it reappears above or below Poupart’s ligament. It is often said 
that an inguinal hernia lies above the pubic spine ; it usually lies over 
it. But in inguinal hernia it is only possible, by pushing from below 
and lateral to the swelling, to place the finger on the pubic spine, 
while in femoral hernia the spine can only be reached above and 
medial to it. After the hernia is reduced, a finger should be placed on 
the inner end of Poupart’s ligament, and kept there while the patient 
coughs ; it can then be determined if the swelling reappears below, that 
is, from the crural canal, or above, from the inguinal canal. 

Two reducible swellings in Scarpa’s triangle, saphena varix and 
psoas abscess, are often mistaken for femoral hernia ; the first mistake 
is harmless, the second may have tragic consequences. Neither has the 
true characters of a hernia — that is, there is no definite rounded 
outline to the swelling, nothing beyond gentle pressure is required to 
reduce it, and nothing more than the erect position to make it 
prominent. Neither is resonant or gives a gurgle when handled. 

Saphena varix usually imparts a bluish colour to the overlying skin. 
The swelling is rarely larger than a half walnut, and is so thin-walled 
that its outline cannot be clearly felt. It disappears not merely with 
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finger pressure, but when the patient lies down ; when he coughs, a 
fluid thrill, like that in a varicocele, can be felt over it. 

To suggest that a psoas abscess may be mistaken for femoral hernia 
may sound ludicrous ; but the mistake is made repeatedly by surgeons 
of the highest standing, and not merely in the out-patient department, 
but when the patient has arrived at the operating table. It must be 
remembered that those who are seen with these dissecting psoas 
abscesses are not the text-book cases of spinal caries which are demon- 
strated to students, i.e. children and young adults with emaciated faces, 
barrel chests, and a prominent kyphos ; they are old men and women in 
whom the disease assumes the quiet subperiosteal form, without 
destruction of bone, without a degree of pain suggesting anything more 
than “rheumatics,” without even limitation of spinal movement in 
excess of that which accompanies osteo-arthritis. They may come to 
hospital for the first time to report an inguinal swelling that has 
appeared in the last few weeks, and give no history of backache. The 
wary surgeon, seeing a reducible swelling below Poupart’s ligament, will 
be struck at once by the absence of that definition typical of a femoral 
sac, which usually suggests a rubber hall under the skin. A small 
psoas abscess, the most deceptive kind, will lie lateral to the femoral 
vessels ; a larger one, having ruptured the psoas fascia, may be medial, 
but will be slack and diffuse, suggesting at once a cold abscess. Con- 
firmation will be obtained by the demonstration of a second swelling 
in the iliac fossa, and the proof that material “ reduced *’ from one 
merely expands the other. 

OPERATIVE TREATMENT OF FEMORAL HERNIA 

The operations for femoral hernia fall into two natural groups: 
the low operations performed through the saphenous opening, and 
the high operations, through the inguinal canal. 

Whereas it is possible in inguinal hernia to name many of the 
standard operations after the surgeons who first described or popularised 
them, in femoral hernia such a method is valueless, for the methods 
have grown up rather than been introduced. The low operation is ns 
old as surgery itself, for the first instinct of mankind is to tackle any 
problem in the most direct and simple manner, and only later to think 
of improvements ; the only variations are in the methods advised to 
close the canal, and these merge into one another by infinitely small 
gradations. The high operation through the inguinal canal is usually 
named after Lotbeisscn, but even a perfunctory search of the literature 
shows that the inguinal approach was suggested independently by more 
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than thirty surgeons in different countries, of whom Annandalo of 
Edinburgh was undoubtedly the first. In any case the Lotheissen opera- 
tion, which involved dragging an unopened sac through the canal is 
not, or should not be, any longer performed by surgeons, and the 
modern operation has many parents but no name. By the modern 
operation I mean the modified inguinal one, because the high approach 
has steadily displaced the low one since about 1920, and is now per- 
formed almost exclusively in most clinics. The low operation is how- 
ever, very much simpler, and while perhaps less well founded it is by 
no means unsuccessful. It is difficult to get any figures upon the 
recurrences which follow it, but they are certainly not more than 
10 per cent, and probably more like 5 per cent. It still remains the 
choice of the inexperienced or unassisted surgeon who is forced to 
operate, it is often advisable when time-saving and minimum inter- 
ference are important, and it may be the best in many cases of stran«uila- 
tion. In any case its first stages are those of the modified high operation. 

I. The Standard Operation 

(1) The skin incision. In my experience the crease incision (see 
pages 3613 and 3626) advocated for inguinal hernia is equally suitable 
for femoral hernia, and preferable to one placed lower. The external 
oblique aponeurosis and the pillars of the ring are exposed as for 
inguinal hernia, and the lower flap is then dissected down below 
Poupart’s ligament off the fascia of the thigh. The femoral swelling 
will appear covered by a thin layer of cribriform fascia, and when this 
is incised with a stroke of the knife, will extrude itself as a rounded 
fatty mass (see fig. 2018). 

(2) Exposure , opening, and division of the hernial sac. While the 
lower skin flap is retracted, the fatty mass is held up between two 
pairs of toothed dissecting forceps, and boldly cut across with Mayo 
scissors. Reference has already been made to the number and confusion 
of the layers which cover a femoral sac ; each should be pushed back 
towards the neck of the swelling by strokes of the closed scissors, and 
the next layer be incised only when it is clearly displayed throughout 
its extent. The sac itself will be recognised without difficulty when it is 
reached, except in a strangulated hernia ; its outer surface is more 
definite, whiter, and more opaque than that of any covering layer, its 
inner lining is smooth and glistening ; its absurdly small size in com- 
parison to its wrappings is the only thing that may confuse the operator. 
The sac, when reached, should be cleared even more thoroughly than 
previous layers, till its narrow stalk disappearing under Pouparts 
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ligament is clearly displayed. The fundus is then opened, and any 
contents returned to the abdomen. Omentum, if thickened, may be 
ligatured and cut across ; fringes of fat or loops of bowel should be 
returned by pressure of the tip of the finger or of a blunt instrument. 
Provided that the body of the sac has been emptied, any residual 
adhesions of omentum at the neck may be neglected at this stage. 
The sac is then clamped across just below its neck with a pair of 
hremostats, and the remainder cut away (fig. 2010). 
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(3) Opening of the inguinal canal and exposure of the neck of the sac . 
The inguinal canal is laid open by an incision in the external oblique 
extending into the pillars of the ring, the flaps are dissected back to 
expose conjoined tendon above and Poupart’s ligament below, the 
cremaster is reflected, and the cord or round ligament is lifted from its 
bed to expose the posterior wall of the canal. The wall is incised with 
a knife about |-inch above and parallel to Poupart’s ligament, taking 
care to avoid the epigastric vessels medially, and their pubic branch 
running along Poupart’s ligament. The extra-peritoneal fat exposed 
in this incision is then pushed upwards away from Poupart’s ligament 
with the finger or with small pledgets of gauze held in mosquito forceps, 
and will separate freely till the femoral opening is reached, when it is 



tied by the emerging neck (see fig. 2019). This neck is quickly defined 
by blunt dissection, seized in a pair of stout forceps, and worked through 
into the inguinal incision. Here it is essential to disturb the fibrous 
surroundings of the neck as little as possible, but by gentle pulling while 
the tissues round it are slowly pushed down, aided at times by a pull 
in the reverse direction on the forceps which clamp the divided sac 
in the thigh, liberation will be accomplished with a minimum of trauma. 
The neck, when free, is pulled up into the wound, its inner side is 
examined for adherent bladder, it is opened, and any adherent omentum 
is cleared ; finally, it is ligatured flush with the peritoneum, and cut 
away. There is no need to divide the neck just beyond the ligature ; 
indeed, a long stump which will become fibrous tissue and form a 
gigantic septum crurale pushing the peritoneum well away from the 
crural opening is clearly an advantage. 
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(3) Plugging the crural canal. 

(а) With the sac. Saunders Melville ( B.M.J . , 1935, I, 467) divides 
the sac above the crural canal from within the abdomen, as described 
in section 16 above, but first makes a small incision into the parietal 
peritoneum to see that the neck is empty. He does not remove the 
fundus of the sac. After closing the communication with the abdominal 
cavity by suture, he passes a pair of artery forceps into the sac from 
above Poupart’s ligament, grasps the fundus, and inverts it into the 
abdominal cavity. Here it is obliterated and transformed by a few 
sutures into a flat plug, which he likens to the head of a rivet, and 
which effectually shields the weak area. 

(б) By auto transplants. Many substances have been advised : 
pedicled flaps of muscle from the pectineus or sartorius, of fat from the 
subcutaneous layers in the neighbourhood, or of the saphenous vein, 
divided low down in the thigh and curled up in the canal, and free 
transplants of fat, muscle, or costal cartilage. 

III. The Low Operation 

(1) The shin incision. The crease incision is entirely satisfactory 
for the low approach. More direct access is obtained by one immedi- 
ately over the swelling, either below and parallel to Poupart’s ligament, 
or starting half an inch above it and carried vertically downwards 
over the saphenous opening. 

(2) Isolation and ligature of the sac. The methods for finding the sac 
which are advised in the standard operation are equally applicable to 
the low one. It is necessary, however, to isolate the neck as high as 
possible ; this is done by gentle traction, while the fibrous tissues which 
surround it are snipped close to its wall with scissors and pushed up 
with their closed points. "When it appears that the actual neck has been 
reached the sac is opened, emptied, tied off as high as possible and cut 
off. The stump is then pushed up the femoral canal out of sight. 

(3) Closure of the femoral ring. It is unnecessary to discuss in any 
detail the many methods that have been suggested for closing the 
femoral channel from below, since, while their number is great, they 
differ in detail only and none is really satisfactory. The majority rely 
upon the suture of Poupart’s ligament alone, or of Poupart’s ligament 
and the falciform ligament, to the pectineus fascia. Marcy used a 
simple purse-string which entered Poupart’s ligament near its inner end, 
and passed through Gimbemat’s ligament, the pectineus fascia and os 
much of the femoral sheath as appeared to be safe, emerging again 
through Poupart’s ligament near to its point of entry (fig. 2021, top). 




surgeons attempted to anchor Poupart’s ligament directly to the pubic 
bone. Roux attained this end by driving a metal staple over the ligament 
directly into the bone, and Nichol of Glasgow by using a mattress 
suture passed through two holes drilled horizontally in the pubic ramus. 


IV. The Extra-Peritoneal Operation 

A. Iv. Henry, in the paper previously quoted ( Lancet , 1936, I, 
531), describes an extra-peritoneal approach to the femoral region, 
using a mid-line incision. The first case upon which he operated was 
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one of bilateral hernia in a girl. He writes : “I separated the recti 
at and below the navel, and stripped the unopened peritoneum from the 
sides of the bladder and from the pelvic wall. This at once gave a notable 
view of both hernial sacs, which stood out from the peritoneum like 
horns from a snail, and passed into the femoral rings ” (fig. 2022). 
Henry delivered the sacs from the canals by blunt dissection, and 
ligatured them at their origin. He closed the canals by turning up 
a triangular flap of fascia, pedicled in front, from the pectineus muscle 
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and suturing it to Poupart’s ligament. He points out that a similar flap 
might he raised, and hinged behind at Cooper's ligament, which would 
avoid the possibility of a fresh hernia burrowing into the muscle itself. 

Henry’s exposure appears to be excellent, and through it any other 
method of repair could be carried out with equal facility. Thus the 
sac, if laTge, could be emptied from above and divided at its neck, 
avoiding the need to drag a bulky mass through the canal. The con- 
joined tendon could be sutured to Cooper's ligament with greater ease 
and with greater safety as regards the iliac vein than it can be through 
the inguinal incision. 



CHAPTER IV 

Rare Hernia in the Pelvic Region 

The varieties of hernia) through the abdominal wall are almost un- 
limited. "Wherever vessels or nerves pass out, wherever muscles arise 
or are inserted, wherever fibrous intersections or septa occur, a pouch 
of peritoneum may be forced out by excessive, prolonged, or oft- 
repeated intra-abdominal pressure. It is quite beyond the scope of any 
work other than a monograph on hernia, to deal with these freak 
abnormalities in a degree of detail that would be of value to the post- 
graduate student. There have been, fortunately, surgeons who have 
devoted years of patient research to the collection of every possible 
fact relating to these uncommon conditions, and the result of their 
labours is available in any public library. These rare hernia) are, in 
any case, seldom seen unless they are strangulated, and no surgeon 
goes into the operating theatre to deal with an emergency primed with 
text-book maxims ; he is guided by general surgical principles, which 
his common sense and experience apply to the particular problem on 
hand. 

Among such rare hernia) are those through Petit’s triangle ; sciatic 
hernia), above and below the pyriformis muscle ; perineal hernias 
which pass through defects in the pelvic floor at the point of exit of 
vessels or through gaps in the levator ani muscle ; and obturator 
herniffi. Of these only obturator hernia is reasonably common. 

An obturator hernia passes through the obturator canal, the channel 
which is left at the upper part of the obturator foramen for the passage 
of the nerve and vessels into the thigh. The remainder of the foramen 
is closed by the tough thyroid membrane, which in turn is covered on its 
outer and inner aspects by the obturator externus and internus muscles. 
The pectineus muscle lies immediately in front of the crural end of the 
canal. The hernia is six times as common in women as in men, and in 
the former appears, like femoral hernia, to be the result of pregnancy. 

The diagnosis of obturator hernia is seldom made on clinical grounds. 
Occasionally a woman complains of an intermittent swelling on the 
inner side of the thigh, and may state that its appearance is accompanied 
by gurgling sensations, disturbances of micturition, or pain down the 
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inner side of the thigh. Upon examination in such a case, an indefinite 
swelling may he seen in Scarpa’s triangle, lying to the inner side of the 
femoral vessels, in the same place as a femoral hernia but much less 
definite in its outline. Palpation will reveal a bulge, which becomes less 
distinct when the muscles are contracted, and will possibly elicit 
tenderness. Vaginal examination may allow the actual opening to be 
felt, and will in any case disclose tenderness at the neck if a hernia 
is present. Pain referred down the branches of the obturator nerve 
is very characteristic. 

In most cases the hernia is unsuspected till strangulation occurs, 
and even then no diagnosis is possible bej'ond that of intestinal 
obstruction of unknown origin. 

Operation on an obturator hernia may be performed from the 
thigh or from the abdomen. The low approach is through a vertical 
incision. The interval between the pectineus and adductor longus 
muscles is separated, and if this does not give sufficient access, the 
pectineus is cut across close to its origin. This route allows direct 
exposure of the sac, but not reduction of gangrenous or adherent gut, 
high ligature of the sac, or satisfactory repair of the opening. For these 
reasons the abdominal approach is preferred by most surgeons. The 
sac is emptied, and can then usually be inverted into the abdomen. 
Satisfactory closure of the opening — a rigid aperture between ligament 
and bone which transmits nerves and vessels — is by no means easy. 
The simplest course is to plug the canal with a free transplant of fat, 
muscle or costal cartilage, before closing the neck of the sac. The 
inverted fundus may also be folded on itself by sutures to form a 
** rivet head,” after the method recommended by Saunders Melville 
for femoral hernia (see page 3678). 



CHAPTER V 

Umbilical Hernia 


The umbilicus is the scar left by the sloughing of the vascular pedicle 
whereby the foetus obtained its nourishment in intra-uterine life. 
It marks the spot where, during the early stages that retrace the 
history of the vertebrate stock, changes of the most astounding nature 
have taken place. The human fcetus, when first recognisable, has an 
umbilical hernia so large that it would be more accurate to describe the 
whole as a hernia with a small embryo attached. This cavity, con- 
tinuous with that of the abdomen and lined by the same peritoneum, 
contains the yolk sac and the fundus of the bladder known as the allan- 
tois. Yolk sac and allantois disappear early, and by the fifth week 
the umbilical diverticulum becomes occupied by the mid-gut loop, 
which has entered this “ annexe ” because too many other things are 
happening in the abdomen at the time to allow it room to develop. 
The mid-gut loop increases in length in this extra-abdominal pouch, and 
acquires that sharp demarcation between large and small gut which is 
marked by the ileo-csecal angle. By the beginning of the tenth week, 
the abdomen once more has room for the whole alimentary canal, and 
the mid-gut loop returns to the main cavity through the umbilical 
orifice, now considerably reduced in size ; this return occurs remarkably 
rapidly, and is complete by the end of the eleventh week. The extra- 
abdominal cavity is now no longer required as such, the extra-ccelomic 
pouch of peritoneum disappears, and from the twelfth week till birth 
the umbilicus remains a well-defined ring in the abdominal musculature 
transmitting vessels only, two umbilical arteries and a vein. The reader 
who wishes to supplement this very brief resume is referred to Keith’s 
Human Embryology, or to Dott’s article in the British J oumal of Surgery, 
1923, XI, 251. 

At birth the umbilicus carries the umbilical cord and placenta. 
The skin is continued about half an inch along the cord, whose vessels 
are thenceforward covered only by "Wharton’s jelly and amnion. The 
cord being ligatured, that part outside the abdomen sloughs, and the 
scar is rapidly covered by a growth of skin from its edges. The umbilical 
vessels thrombose as far as the next functional channel within the 
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abdomen, and the clot in their lumen is rapidly converted into fibrous 
tissue by the ordinary processes of repair. During the first few weeks 
after birth, then, the umbilical scar consists of a firm ring surrounding 
a space filled by vascular organised clot, and is by no means strong. 
After six months the whole scar is a tough fibrous sheet, possibly the 
strongest spot in the abdominal wall. 

In the adult the umbilicus marks about the centre, and the tran- 
sitional point, of the linea alba. Above it the rectus muscles arc 
separated by a space perhaps half an inch wide in the young and 
muscular, a space bridged by a felting of aponeurotic strands running 
chiefly in the transverse direction ; below, the recti arc in contact, 
and aTc divided only by a thin fibrous septum. On the posterior surface 
the umbilicus marks the meeting-point of three peritoneal folds, drawn 
out by the fibrous strands of the obliterated vessels as they are left 
beliind in the process of growth ; fat is often deposited in these folds, 
making them into pendulous fringes. The peritoneum at the umbilicus 
is fixed pretty firmly to the fascial planes. 

TYPES OF HERNLS 

Three separate varieties of hernias occur at the umbilicus — the con- 
genital, the infantile, and the adult — of which only one is truly umbili- 
cal. The congenital hernia) are not umbilical because they arose before, 
and prevented, the formation of an umbilicus, while the adult ones, 
except for a small minority, are not protrusions through the umbilical 
scar hut above it — that is, they arc para-umbilical. 

I. Congenital Ujihiltcal Hernia 

A congenital defect remains at the umbilicus cither when the 
mid-gut ioop faiis to return to the abdominal cavity in the tenth week 
of intra-uterinc life, or when, though it has returned, the cxtra-cceloniic 
pouch of peritoneum fails to close. The failure may be of any degree, 
but for practical purposes two varieties may be described : 

(a) Complete aromphah 

In some cases the protrusion is ruptured during delivery, and the 
infant is bom eviscerated. When this docs not occur, the abdominal 
wall appears to be replaced by a greyish translucent dome, moulded 
into a scries of knohs by the underlying viscera which can be faintly 
seen through it, the cord being attached to the summit. The abdominal 
wall lies well back in the flanks at the sides of the swelling, and the 
junction between abdomen proper and cxomphalic swelling is marked 
by the sudden transition from pink skin to grey Wharton's jelly. 
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The coverings of the swelling are amnion, Wharton’s jelly, and extra- 
ccelomic peritoneum. Its contents are in any case those parts derived 
from the mid-gut loop, the small intestine and proximal colon, with the 
addition in many cases of the greater part of the liver and some of the 
stomach and pelvic colon. These parts are seldom normal : the mid-gut 
loop is usually unrotated and unfixed, and the liver, unsubjected to the 
mutual moulding forces of intra-abdominal development, is a globular 
mass. 

Exomphalos occurs in about one birth in ten thousand, and may be 
associated with other defects such as spina bifida. Two cases came under 
my care when I was a surgical registrar, and by one of those coin- 
cidences which are so common in surgery, both were admitted into 
the same ward in Guy’s Hospital within six hours of each other. The 
first, which was under my late chief, Mr. R. P. Rowlands, was operated 
upon by me and later shown at the Royal Society of Medicine 
(W. H. Ogilvie, Proc. Boy. Soc. Med. (Clinical Section), Dec. 1921) ; he 
developed double inguinal hernia a year later, which was also repaired, 
and when last seen he was a healthy boy of twelve with a sound 
abdominal wall. The second case, under Mr. L. Bromley, already 
showed signs of peritonitis on admission and died shortly afterwards. 

Treatment. Exomphalos is a surgical emergency, because the 
coverings of the swelling have no blood supply apart from that derived 
from the umbilical cord which ceases at birth. Unless the abdominal 
cavity can be closed with living tissues before it becomes infected, 
death is inevitable. Fortunately the abdominal wall is not deficient, 
but merely displaced. 

An incision should be made rapidly round the junction of living 
tissues with Wharton’s jelly, care being taken to preserve every bit of 
skin. The edges are undercut and turned out on each side for about 
an inch, to expose the underlying aponeurosis. The abdominal cavity 
is then opened at any point, and by rapid dissection with the finger, 
the coverings are separated from the viscera, and the edges of the meso- 
blastic defect made plain. The whole grey mass is then cut away, and 
a number of Ochsner forceps clamped on the edges of the abdominal 
wall on each side, and pulled together to approximate them. A series 
of tension sutures of salmon-gut guarded with rubber tubing are passed 
from side to side through skin and abdominal wall, and their ends are 
clamped. The edges of the defect are then approximated by interrupted 
sutures of No. 1 chromic catgut. If the condition of the child is entirely 
satisfactory, it is better to incise the rectus sheath for its full length 
on each side (see reconstruction operation under infantile hernia) 
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and to close the walls in two layers. The skin is approximated by a 
continuous suture, and the tension stitches are tied over a roll of gauze. 

(b) Congenital hernia into the cord. 

In this condition a peritoneal pouch of varying size extends from the 
abdominal cavity into the root of the umbilical cord, which may be 
expanded or of nearly normal appearance. The importance of such 
a hernia lies in the risk of a loop of bowel in the sac being included in the 
ligature applied at birth. Even if this does not happen, the same 
dangers remain as are inherent in exomphalos — that the coverings of 
the sac are non-viable. Every case should therefore be subjected to 
operation at the earliest possible opportunity. The method of repair 
will follow the general lines which have been laid down for the treatment 
of exomphalos, but the task of the surgeon is naturally a much simpler 
one, and the operative risk is less. 

II. Infantile Umbilical Hernia 

An infantile umbilical hernia is an acquired defect due to stretching 
of the newly formed cicatrix before it is strong. It is not therefore seen 
in the first few days after birth, and is very unlikely to appear after the 
sixth month. Some factor causing an increase in abdominal pressure, 
either constant or intermittent, is usually present ; the infant on whom 
the blame cannot be laid for crying, coughing, phimosis, constipation, 
or tympanites is indeed a prodigy. The protrusion is rarely more than 
a small knob-like swelling the size of the last joint of a finger, and the 
fibrous ring of the abdominal wall proper is rarely stretched. These 
infantile hernire are usually empty when the child does not strain, and 
very rarely become irreducible. They can be retained by a simple pad, 
and with this treatment the great majority are cured in twelve or at 
the most eighteen months. After this period repair by natural means is 
unlikely. 

Treatment. 

(1 ) The incision. Since the defect is a very small one in an abdominal 
wall that is perfectly sound up to its margins, only limited access is 
required. To remove the umbilicus is unnecessary mutilation, and 
thoroughly bad psychological if not surgical treatment, for it often 
leads to n pronounced sense of inferiority. A flap incision which 
preserves the cicatrix while giving access to the hernial opening should 
therefore be used. For many years I advocated a curved incision below 
the umbilicus, but I have now replaced this by a transverse one about 
an inch above it. If the surgeon studies the abdominal wall of a series 
of healthy young adults, both men and women, lie will find three flexion 



creases in almost constant positions; first, the suprapubic crease 
discussed in the inguinal section, which extends the whole width ol 
the trunk ; second, a shorter one with a more open curve about hall- 
way between the pubis and umbilicus; and third, a straight one crossin" 
the epigastrium a short distance above the umbilicus. The second is 
too low for an umbilical approach, the third is ideal (see fig. 1985) 

The incision is carried down to the aponeurotic layer, and the lower 
flap is then dissected off the sac and surrounding sheath, to one or one 
and a half inches below the opening. The sac is pulled up, and the 
fibres which surround its neck are divided carefully with scissors or 
a sharp knife ; as the fibres are cut, more and more sac will come out 
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till a good collar of peritoneum is free. The sac is then opened, emptied 
tied off at its neck with a single ligature, and cut off. 

(2) Closure of the ring, (a) In the usual hernia the defect is a small 
one, which can be repaired by simple suture. A purse-string of No. i 
catgut on a small, curved needle is first passed through the aponeurotic 
layer a few millimetres outside its margin ; when tied, this buries the 
peritoneal stump and closes the hole. The weak area is further rein- 
forced by three or four stitches, passed through the rectus sheath each 
side, which infold and bury the previous suture. The skin incision is 
closed with fine salmon-gut or Michel clips. 

(6) If the ring has been stretched, a reconstruction of the rectus 
sheath is advisable. The opening in the aponeurosis is first elongated 
by incisions extending from its upper and lower margins into the linea 
alba for about f-inch. The rectus sheath on each side is opened along 
the whole length of this enlarged defect by a cut close to its margins, 
thus providing two aponeurotic edges, which, sewn together, constitute 
an anterior and posterior rectus sheath (fig. 2023). 
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III. The Umbilical Hernia of Adults 

A small number of umbilical hernire in adults ore tl\e reappearance 
of infantile ones thought to have been cured, which have again been 
rendered patent by the pressure of ascites or pregnancy. The great 
majority are acquired defects of the linea alba just above the umbilicus. 
They rarely appear before the age of twenty-five, but then become 
increasingly common till about the age of fifty, after which few new ones 
are reported. It will be noticed that this age span corresponds closely 
to the child-bearing period, and it is in women who have had children 
— usually many of them — that these hernise are typically seen. Next 
to pregnancy, fat appears to be the most common cause, and in men 
about the only one. 

An adult umbilical hernia is rarely seen when it is small, because it 
is then hidden in the general layer of fat covering the abdominal wall. 
"When first noticed it is usually an oval swelling, with its greatest 
diameter in the transverse plane, and carrying the umbilical cicatrix 
below its centre. Such swellings usually increase rapidly in size. The 
skin over them becomes thinned. The umbilicus is stretched trans- 
versely so that its edges are approximated, and secretions collect and 
fester in its deeper parts. The fold below them becomes moist and 
eczematous. The margins are indefinite, because the surrounding fat 
does not allow an examining finger to reach the opening in the 
aponeurotic layer. 

The sac is at first lined with peritoneum, but because the serous 
membrane is fixed to the abdominal wall at this point, further enlarge- 
ment cannot be accompanied, as it is in other hernia?, by borrowing more 
peritoneum from that inside the abdomen. The coating splits and gives 
way in an irregular manner. In all the larger umbilical hem ire the sac 
wall is fibrous, much loculated, and lined by peritoneum at its neck 
alone. Hence adhesions form early, and the contents are reducible 
in part only, if at all. An adult umbilical hernia always contains 
omentum, usually transverse colon, and often some loop of jejunum. 

Treatment It has already been pointed out in the introductory 
section that a truss is generally useless in these cases, that strangulation 
is common and dangerous, and that operation is usually advisable 
even though the patients are poor subjects for any such ordeal. On 
these last grounds local anaesthesia will often be advantageous. The 
umbilicus should always be excised ; the patients are old ladies, too 
fat and ugly for cosmetic surgery, too placid for complexes, and too 
eptic to allow the retention of infected loculi. 
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(1) Reconstruction of the abdominal wall. 

In the case of small hernia through a sound abdominal wall, such 
as those which represent the persistence of an infantile defect, the 
form of repair recommended for the larger hernia of childhood should 
be adopted. The skin incision takes the fonn of a vertical ellipse, 
excising the navel. 

(2) Mayo's operation. 

The transverse overlap method, introduced by W. J. Mayo in 1893 
for the radical cure of umbilical hernia), is one of those rarities in 
surgery — a procedure that has remained unchallenged and unimproved 
since its introduction. It is founded upon the physiological concept 
that the aponeurotic planes of the mid-line of the abdomen are 
the tendon of insertion of the lateral muscles, and that the pull they 
resist, and therefore the strength of their fabric, is transverse. An 
overlap in the vertical plane is against the lines of stress, but one in 
the transverse plane is with them, and therefore secure. 

(а) The skin incision. This is a wide transverse ellipse surrounding 
the umbilicus, extending up and down to include an amount of 
subcutaneous fat that may be considered redundant, and later- 
ally, at any rate as far as the mid-point of the rectus muscles. 
The incision is immediately deepened to the aponeurotic layer, 
and the subcutaneous tissue is then dissected inwards off this 
layer till the fibrous neck of the sac is exposed. 

(б) Treatment of sac and 'peritoneum. The whole mass of skin, fat, 
and hernia, is held up while the neck is gently cut round with 
knife or scissors (fig. 2024, 1). As the fibrous layers are divided, 
others appear and are snicked, till the peritoneal tube is entirely 
free of its aponeurotic sheath. The sac is opened at the same 
level — the neck, for here only is it likely to be free from adhesions. 
A finger or blunt director is introduced through the opening, 
which is then enlarged till the interior of the sac can be viewed, 
and the contents pulled out if sufficiently free ; by working 
from neck to fundus, from free space to adhesions, this clearance 
can be done safely. Omentum may be ligatured and cut off ; 
and intestinal loops must be freed, either by continuous dissec- 
tion, or by snipping round the bits of sac which adhere to them 
and leaving them on their walls. 

When the contents of the sac have been replaced in the 
abdomen, it is necessary to decide whether the peritoneum 
should be closed as a separate layer, or with the rectus sheath. 
If the opening is not more than 3 cms. across, the peritoneal 
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edges should be carefully dissected free from the abdominal wall 
on each side, and the hole closed by a running stitch. If the 
opening is larger, peritoneum and rectus sheath may be over- 
lapped together. 

(c) Repair of the aponeurotic layers. The opening in the linea alba 
is extended on each side by incisions carried outwards tlirough 
all layers till they expose tbe inner border of the rectus ; roughly 
circular before, it is now a transverse ellipse. The lower flap is 



drawn under the upper one by a series of mattress sutures 
of stout catgut. The first is passed through the upper flap near 
the mid-line and about two inches from its free edge from 
without inwards, a finger protecting the abdominal contents ; 
then through the lower flap from within outwards, J-inch from its 
edge, back through the edge of the lower flap ; and once again 
through the upper one from within outwards, half an inch to 
the side of its point of entry (fig. 2024, 2). Other mattress sutures 
are similarly inserted on each side of the first, their distance 
from the upper margin of the opening decreasing ns they near 
its lateral limits. When all these sutures are tied, the lower 
flap is pulled up under the upper os a wide tongue. The free 
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edge of the upper flap is now fixed to the aponeurosis below the 
opening by a continuous catgut stitch (fig. 2024, 3). When the 
recti are not widely divaricated, lateral cuts to their margins 
may not give flaps sufficiently wide for an overlap ; in such 
a case the cuts may be extended further outwards through the 
anterior rectus sheath only, and this part alone be included in 
the more lateral of the overlap mattress sutures. 

After attention to hemostasis the skin and superficial layers 
are closed by the usual methods. 

(3) Very large hernia. 

When the defect is so large that the Mayo overlap method cannot be 
performed without undue tension, or when, as sometimes occurs, the 
hernial opening is not one but two or three adjacent defects in the 
linea alba, the method of fascial suture should be employed. 

IV. Epigastric Hernia 

The cotiology of epigastric hernia seems to be identical with that of 
the para-umbilical hernia) of women, a protrusion through a chink in 
the felting of the linea alba above the umbilicus usually preceded by 
an extension of extra-peritoneal fat ; the clinical picture is, however, 
entirely different. 

Epigastric herniae are usually seen in men under forty. They occur in 
the mid-line, about half-way between the xiphisternum and the umbili- 
cus. They are usually small, not often exceeding a hazel-nut in size, and 
in many cases cannot be seen, but only felt. They are soft, giving the 
impression of a lipoma, and are often tender. Few of them give any 
impulse on coughing or contain anything which can be reduced, yet at 
operations the great majority are found to have a small peritoneal sac in 
the fatty lump. They chiefly attract attention because they cause 
pain — local pain in the lump, or indigestion of the duodenal ulcer type. 
This last has two possible explanations, the mechanical, suggesting 
interference with the contractions of the pyloric antrum during the 
later stages of digestion by a bud of gastric omentum nipped in the 
hernia, and the physiological, which accounts for the pain as a gastro- 
peritoneal reflex (see also Vol. I, page 207). 

The defect should be repaired by a longitudinal reconstruction 
operation. It is always wise at the time to ascertain by inspection that 
the duodenum and gall-bladder are really normal, and to remove the 
appendix if this can be done without enlarging the incision. 
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use in the tough edges of an old scar, where they hold admirably. One 
layer of sutures will be used to approximate the edges, and a second may 
be inserted, taking a bite of the aponeurosis half an inch further out, 
a layer which reinforces the first and relieves it of all strain. 

(3) The repair of a realty large incisional hernia. 

Defects are sometimes encountered which are so old and so wide that 
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no amount of pulling will approximate the edges. Here Rchn’s dermal 
patch transplant (sec page 3G09), reinforced if necessary by fascial strips, 
will provide a way out of the difficulty. Gallic advocates large fascial 
transplants, cut like a many-tailed bandage, for the repair of these big 
openings. He writes : “ As a rule two patches of fascia, five inches by 
three and one-half inches, can be obtained from the lateral aspect of a 
single thigh. The ends of the patches are then split into strips about 
one-quarter of an inch wide nnd by means of a fascia needle passed 
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through the edges of the ring as shown in figure 2023. If a second patch 
■s needed it is laid edge to edge with the first and the two are sewn 
together with a fine strip of fascia lata threaded on a needle At the 
ends of the opening, special precaution is taken to weave the tails into 
the edge of the ring so as to prevent a protrusion over the end of the 
fascial sheet. When all the tails have been drawn through the abdom- 
inal wall they are tied together, each to its fellow of the opposite side 
and the edges of the opening drawn together as closely as seems safe’ 
If they can be brought into contact without too much tension, so much 
the better, but if they cannot, the surgeon mav rest assured that the 
deep side of the defect in the abdominal wall has been permanently 
closed off. Often it is possible, where the deep portion of the opening 
cannot be drawn together, to close the anterior rectus sheath with cat" 
gut or a suture of fascia and this shuts off the sheets of fascia from view 
and seems to be an advantage. Care should be taken to oversew the 
knots in the tails of fascia with catgut as these have a strong tendency 
to slip and untie when strain is put upon them.” : 
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CHAPTER I 

Introduction and Technique 

It is my intention to describe here those procedures which, thoroughly 
tried out on the mass of cases of disfigurement and deformity which 
formed the aftermath of the European War, have been found applicable 
to civil practice, and to add such developments as have been made in 
them ; other procedures, of a more purely cosmetic nature but owing 
their origin to the same work, will also be put forward. 

It would seem redundant in a work of this class to write any lengthy 
historical introduction ; reference to almost any of the many books on 
special branches of this subject will provide such historical details. It 
will perhaps not be amiss, however, to remind readers that plastic 
surgery is a very ancient art, and that for centuries attempts have been 
made to reconstruct parts lost by accident or disease and to supply or 
correct features missing or deformed from congenital abnormality. 

It would appear reasonable to summarise the development thus : 
plastic surgery was born centuries ago. It was still a puny ill-nourished 
child when the European War broke out. It received such abundant 
and concentrated nourishment in the post-War period that it grew with 
abnormal rapidity, and has now become a fully developed adult special- 
ity which has absorbed many of those odd branches of surgery pre- 
viously tackled only occasionally, and often in very indifferent manner 
by the general surgeon. 

GENERAL TECHNIQUE 

No branch of surgery teaches so clearly the necessity for gentle 
atraumatic handling of tissues. Every point of crushing is a point of 
potential necrosis. To avoid this, skin flaps or grafts are treated with 
the greatest respect, and as finger manipulation is less damaging than 
even the gentlest instrumental “handling,” the instrumental aseptic 
technique of the orthopaedic surgeon finds little place in surface work. 
Fine tissue hooks (fig. 2026), used not as retractors but as a means of 
holding and manipulating, are employed whenever possible. Forceps 
of the fine-toothed variety (Waugh’s tonsil forceps) are employed where 
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hooks prove impracticable, but even these fine prehensile instruments 
are used with only the gentlest pressure on their points. When a skin 
graft or flap has to be handled as a whole, it is held by the fingers in a 
moist gauze swab. 'When grafts of deeper tissues— bone, cartilage or 
fascia lata — are being taken, aseptic technique and instrumental 
handling come into their own, and wound-edge protection to prevent 
contact with slrin is employed. 

Incisions 

In an effort to minimise scarring, many different forms of incision 
have been tried. None has proved more effective in this respect than 
the clean cut produced by a scalpel with a really sharp edge applied at 
right angles to the skin surface. 

In plastic work the position of an incision is frequently dictated by 
some pre-existing scar which calls for excision. Where this is not so, all 
incisions, particularly about the face and neck, are made to follow the 
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well-known skin tension lines described by Longer in 1861. (Wien, 
WchnbL, XVII, 20, K. Akademie der Wissenschaften, Wien, 1801, and 
Roy. Soc. Med. Tracts, Vol. 58, ID.) 

Suture Materials and Suturing. 

Skin suture material should be as fine as possible. It should not 
possess hygroscopic characters. Horse-hair, silk in one of its many 
forms, waxed or otherwise, and artificial silkworm-gut have all been 
tried, but the finest gossamer silkworm-gut has proved the most 
generally useful. Although only a small point, it is often a very 
important and yet overlooked one that fine suture material should 
always be dyed a distinctive colour, or the removal of sutures becomes 
a most difficult procedure. Overlooked buried pieces of colourless 
unabsorbable suture material have many times been discovered as the 
cause of disfiguring scar thickening or of persistent reaction in otherwise 
healed wounds. 

There is no question about the advantages of having all such sutures 
attached to eyeless (atraumatic) needles, and it is only the expensive 
nature of these which would persuade the surgeon who had tried them 
to abandon their use on any occasion. They produce the minimum of 
trauma at the point of perforation, and as they pass through the skin 
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smoothly and without drag they call for less forcible holding of the skin 
hv the forceps in the other hand. It stands to reason that the shorter the 
needle compatible with the work in hand the better, for there is bound 
to be some irregularity of action in drawing the needle through the 
skin, and the longer the needle the more this will show itself on the 
opening made. For most purposes eye-curved needles of sizes 3 and 6 
are sufficient — the improved pattern needle of this class, which is 
slightly flatter in the shank, is less liable to slip round in the needle- 
holder. Where expense or other factors contra-indicate the use of 
atraumatic needles, similar fine needles of the eyed variety should be 
used. For heavier work curved needles size 18 are employed, while, 
where scarring is of secondary importance, e.g., in approximating edges 
of abdominal wall defects after removal of flaps, still larger needles 
(size 8) are used. For deep tissue approximation by catgut, fine half- 
circle needles (Fistula-fine 8) have proved useful, though occasionally 
here also an atraumatic needle may be indicated. There are situations 
where skin or mucous membrane edges have to be approximated and 
where sutures cannot be removed, inside the nose for example or in the 
reconstruction of the urethra, and in such situations the atraumatic 
needle threaded with fine catgut is essential. 

Type of Suture 

Endless varieties of suturing methods have been advocated, and 
each may find some special application. In skin suturing, however, 
the chief aim should be full-thickness skin-edge approximation, and 
any suture which will provide this in the particular situation under 
treatment should be used. In most situations interrupted skin sutures 
give the most perfect apposition. A nice judgment is required as to the 
distance apart to place these, more particularly so when some scar tissue 
must be left behind and the wound edges do not tend to fall naturally 
together as in fresh skin incisions. The end-on (vertical) mattress 
suture is, in my opinion, a most valuable stitch, for it gives perfect 
apposition of the deeper layers of the skin and at the same time ensures 
cuticular approximation. In its continuous form (see fig. 2027) it is 
probably the most frequently used suture. 

Subcuticular sutures of absorbable material have their distinct uses 
for approximating deep tissues and for relieving tension on the skin 
suture line, but as a means of skin approximation they cannot be 
expected to give such good scars as those which give whole skin 
apposition. The subcuticular skin stitch, more correctly an intradermal 
stitch, has its special use in situations where it would be difficult to 
remove a large number of interrupted sutures or points of a continuous 
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external one. In incisions in the 
retro-auricular furrow, for example, 
the ear lias to be rolled forward for 
the removal of external sutures and 
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this tends to drag open the newly- 
healed wound. An intrndermal 
silkworm-gut suture in this region 
is readily removed from above or 
below without disturbing the lie of 
the ear. Again, in suture lines in 
the eyelids the repeated approach 
to the eye of scissors and forceps 
distresses the patient greatly, while 
the drawing out of an intrndermal 
suture at the side causes very little 
discomfort. 

In other situations it has been 
found that the intrndermal suture 
often gives a false and flimsy 
epidermal approximation over a 
linear blood collection, a ‘‘ blood 
blister " as it were, and the re- 
sulting scar, instead of being less 
obvious, is definitely under. After 
all. the main object of the intra- 
demial suture is to avoid scars from 
external sutures. If external 
sutures are placed near to the 
wound edge, are removed as soon 
as they have done their work (3-5 
days), and if some dressing, e.g., 
collodion gauze, is then applied 
which will prevent early stretching 
of the scar, they provide the best 
and surest means available. 

A very large number of other 
means of approximating wound 
edges has been suggested ; some 
are impracticable in the general 
run of cases but each may find 
applicability to a special case. 
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Removal of Sutures 

The removal of sutures may prove even more difficult than their 
insertion if damage to the newly-healed suture line is to be avoided. 
Fine non-toothed forceps of the type designed by Mclndoe, and sharp- 
pointed scissors, thin at their ends, are essential. It is well to use 
short-shafted scissors, for there is no such tiling as a perfectly steady 
hand, and any movement in the fingers is considerably multiplied at the 
end of a long instrument. Good lighting and, more particularly in 
young infants and nervous apprehensive adults, efficient assistance to 
steady the part are important. The removal of small fine sutures 
should be a carefully planned and deliberate undertaking and there 
should be nothing of “ struggle ” character about it. Preliminary 
sedation is seldom required except in small children who are frequently 
more troublesome than either young infants or adults. The importance 
of coloured suture material in this connection has already been stressed. 
"Without it, it is the easiest thing in the world to cut off the whole 
external part of a suture and leave its deeper part buried. It is 
frequently not realised that scissors which do not cut at their actual 
points are useless for this work ; the point of the scissors cannot be 
inserted through the loop as in removing larger sutures. 

In removing sutures from a newly-healed wound it is wise to begin 
by removing only alternate sutures. Only in this way can one be sure 
about the safety of removing the remainder. If the slightest separation 
of edges occurs it is wise to defer the removal of the remainder for 
another day or two. "When all sutures must be removed particularly 
early, materials for preventing opening of the wound or stretching of 
the scar should be prepared beforehand. Half the wound may be 
protected in this way by the application of ribbon gauze or cotton wool 
soaked in collodion before the sutures are removed from the other half 
of the wound. The second half is then similarly protected. If sutures 
show signs of cutting into the skin surface they may be divided but not 
removed until some days later. 

Two practical points which I have not seen mentioned elsewhere 
may be added before leaving this subject. The only part of suture 
removal which should produce any discomfort is the dragging out of 
the buried part of the stitch. In children especially it is a good thing 
to cut those sutures which are to be removed and to leave them for a 
moment. The patient, not having been hurt as he anticipated, gains 
confidence, and during the wait it will be found that the sutures have 
loosened themselves and can be picked out without pain. When 
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sedation has been used, again usually in children, it will be found that 
after the removal of several sutures the patient frequently becomes 
restless and resists further interference. The theory of the “summation 
of stimuli’’ in a more or less reflex animal probably explains this 
restlessness. A short pause gives a further period of peaceful suture 
removal. 


CHAPTER II 


Free Skin Grafts 

The general surgeon should be prepared to cover any raw surface lie 
produces ; he should be prepared to carry out destructive operations, 
such as those for the eradication of malignant disease, unfettered by a 
fear of leaving disfigurement and confident that his operation can be 
planned in a manner calculated to avoid permanent deformity ; he 
should be prepared to prevent those extreme contractures which so 
frequently come into the plastic surgeon’s hands for correction ; and he 
should be prepared to treat such conditions as ectropion before, and 
not after, loss of eyelid protection has resulted in corneal ulceration 
and opacity. For all these requirements lie should know in more 
practical fashion than is usually the case how to make use of free skin 
grafts. 

The parasitic quality of skin was demonstrated by Reverdin in 
18G9, though, centuries before this, reconstruction of the nose is said 
to have been carried out by means of free grafts from the skin of the 
buttock. 

PINCH GRAFTS 

Feverdin grafts are now seldom used, but their counterpart, the 
Pinch graft or small deep graft (Staige Davis) — epidermal at its margins 
and full-thickness in its centre — has a large field of usefulness in 
expediting epithelialisation in large granulating surfaces of the type 
produced by burns or by street accidents. The cosmetic result which 
such grafts give is usually poor and they leave disfiguring scars in the 
donor area. It is for this reason that they have found little favour in 
work about the face and neck. 

Figure 2028 illustrates well the manner in which they are prepared 
and applied. A number of long straight cutting needles (Sim’s 
abdominal) are employed. The donor area may be anaesthetised by 
local anaesthetic solution ; the granulating surface seldom requires any 
anaesthetic, but it should be prepared beforehand by leaving off all 
antiseptic or greasy dressings for twenty-four hours before operation 
and applying simple saline gauze compresses. The grafts are cut by 
means of a No. 1 1 Bard Parker blade, the cone of skin being held up by 
3705 
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the point of the needle in the manner illustrated. A sawing or shaving 
action is employed in order to obtain a surrounding frill of epidermal 
graft. In order to avoid infection of the donor area the surgeon cuts 
the grafts and the assistant applies them, the needle returning from 
the recipient area being immersed in 1 in 20 carbolic acid solution and 
afterwards rinsed in saline before approaching the donor area again. 
These grafts should be roughly 0-5 cm. in diameter and should be firmly 
pressed down on the granulating surface, leaving intervals of about 
0-5 cm. between them. Their epidermal frills should be carefully 
spread out by one needle while the other holds the graft in position. 
The grafted area is covered by some material which will not adhere 
but will allow tree escape of secretions into the covering gauze dressing. 
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Tulle Gras, usually employed for this purpose, is an open mesh net 
material impregnated with vaseline containing 1 per cent balsam of 
Peru. It is prepared by Lumiere of Paris and is supplied by the Anglo- 
French Drug Co. It has been found particularly suitable for dressing 
these areas. Previously, lint, spread or impregnated with vaseline, was 
employed but this provided a much too air-tight dressing, preventing 
the escape of serous or other discharge and converting the area covered 
by it into something of a hothouse in which organisms from the glan- 
dular elements of the surrounding slrin appeared to thrive. Various 
modifications of the original material and instructions for its preparation 
for hospital use are described in an excellent paper by D. A. Beattie, 
published in the Journal R-A.M.C., 1933, lx, 352. 

The covering gauze is soaked in saline or in flavine and paraffin 
emulsion. The donor area is dressed in similar manner. It is a wise 
precaution to tack down the tulle gras over the grafts by a few marginal 
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sutures, picking up tke surrounding skin to prerent shifting of the grafts 
during the application of the further dressings. When circumstances 
allow, it is a useful practice to paint the skin immediately surrounding 
the gauze dressing with mastisol and to apply an ordinary cotton bandage 
immediately. This helps materially in preventing any shift of dressings 
or grafts. Outside this, further absorbent material may be applied 
and snug pressure dressing provided by elastic adhesive strapping or 
crepe bandage. The dressings are not disturbed for about five days 
unless constitutional symptoms or excessive discharge call for earlier 
interference. When grafting highly infected surfaces it is advisable to 
take down the dressing to the tulle gras layer earlier and to renew the 
outer gauze dressings after mopping away discharge. The majority of 
such grafts take completely and spread rapidly. Their appearance at 
the first dressing is characteristic : those which are living are pink and 
firmly adherent ; those which have failed to take are grey or pearly 
white and will separate easily. 

Drawbacks to this type of graft are : (I) Time taken in cutting and 
application ; (2) Disfigurement produced in the donor area, for the 
scars tend to be keloidal ; and (3) Poor cosmetic result in the grafted 
area. 

Where large surfaces require grafting and where infection is not 
virulent, it is my practice to shave off granulations and apply sheets of 
Thiersch graft. 

THE THIERSCH GRAFT 

The credit for introduction of this type of graft is shared by Ollier 
and Thiersch, but it is convenient to call it by the name which has been 
attached to it for so many years. It was thought originally that it was 
composed only of epidermis, but it is impossible to cut a graft so thin 
that removal of deeper layers at some points is avoided. 

When cut, a Thiersch graft should be uniform in thickness and 
should have the appearance of thin tissue-paper. It should leave a 
surface, with only tiny punctate haemorrhages, on which epithelial 
growth is so rapid that healing is complete when the dressing is removed 
for the first time at the end of a week. It is in this respect that the 
Thiersch graft is so surgically economical ; the donor area suffers little 
and may even be used again as the source of a graft at some later date, 
if necessary. The unpleasant keloid scars frequently encountered on 
patients’ limbs, stated to be the sites from which Thiersch grafts have 
been taken, are evidence that many surgeons do not understand clearly 
what a Thiersch graft is, for it is obvious that the knife has penetrated 
deeply at some points or even throughout the graft. In the majority of 
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cases, Thiersch grafts arc* required to be hairless, and they are therefore 
usually taken from the inner aspect of the upper arm or the outer side 
of the thigh. The nntero-intemal aspect of the thigh is a difficult 
region from which to cut a good graft of uniform thickness and breadth, 
for it is impossible to place the limb in any position which does not 
leave an unpleasant and greatly-interfering muscular ridge. Unless it 
is immaterial whether the grnft, in its transplanted position, does or 
does not grow hair, it is unwise to have the donor area shaved before- 
hand, for it then becomes difficult to decide what is and what is not 
hair-bearing skin. These remarks are made in spite of the fart that I 
am aware that, in theory at nnv mte, no Thiersch graft should carry 
with it hair follicles and, therefore, the capacity for growing hair. It 
is always well to be on the safe side and to avoid the necessity for 
removing, for example, those intra-oral beards which have more than 
once been seen following skin-grafting in the mouth. 

Preliminary skin preparation should bo carried out without pig- 
mented antiseptics, and ordinary soaj>-and-wnter cleansing followed by 
methylated ether ami then by alcohol has proved best for the purpose. 
At the time of actual operation a final wipe over with ether is all that 
is required ; methylated spirit is inclined to make the knife slide less 
smoothly over the surface. When it is known beforehand roughly what 
area is to he grafted, it is ns well to cut the graft first (and to cut it well 
over-size), in order to avoid the possible carrying of infection from the 
recipient to the donor area. Draping of the area should not be carried 
out in any slipshod fashion, for it should Imj considered “ criminal ” to 
infect the area from which the graft is cut. 

At the risk of appearing to provide unnecessary detail, explicit 
instructions regarding preparation may be given, for there is no doubt 
that many a graft is doomed to failure from infection before it reaches 
its destination. 

Experience 1ms shown that there is only one completely satisfactory 
way of shutting of! the arm area, and this is illustrated in figure 2029. 
The arm is held out from the body horizontally by a nurse for final 
skin preparation. A sterile towel is placed over the chest, level with the 
axilla and coming well down the side of the table. The upper arm is 
cleansed with ether as far as possible in this position. The arm is now 
raised to a vertical position, the already cleansed part coming into con- 
tact, if with anything, with the sterile towel and not with the blanket. 
The remaining surface of the limb is cleansed with ether, and two fresh 
towels, placed over the chest and face respectively, are clipped to the 
skin above and below, as in the illustration. A ring of mastisol is 
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painted around the elbow region, and a third towel is carefully draped 
over the hand and forearm with its upper edge fixed by the mastisol. A 
towel clip is inserted for greater safety. The nurse continues to hold 
the arm with the palm of the hand upwards during the cutting of the 
graft. She should not pull on the arm but should allow the elbow to be 
slightly flexed, while the upper arm rests on the knee of the surgeon 
whose foot is supported on a stool of convenient height. 

Everything is now ready for the cutting of the graft. A sharp 
Thiersch knife or a newly-stropped razor, and a strip of wood with 



smooth rounded edges, 8 inches by 3 inches and |-inch thick, are all 
that is required for the job. The under-surface of the knife or razor, 
and particularly its back edge, are smeared lightly with vaseline or 
liquid paraffin and one edge of the wood strip is similarly treated. Too 
liberal a supply of grease on the wood strip renders the skin surface of 
the graft unduly greasy and makes its later manipulation unnecessarily 
difficult. 

SKIN GRAFT CUTTING APPARATUS 
It is worth while diverging a little at this point to make some 
remarks on skin-grafting knives. There is little question that the best 
knife for the purpose is one of ample length prepared from wafer-steel 
of the pattern made by Tontrup of St. Louis, to the requirements of 





3710 


POST-GRADUATE SURGERY 


Professor V. P. Blair. This knife 1ms been copied in this country by 
Messrs. Down Bros. (fig. 12030) and is supplied with a very simple 
sheath which prevents damage to its edge when not in use. It is quite 
unnecessary and, indeed, disadvantageous to have such a knife ground 
and set after every operation. Blair himself employs a damp sterile 
towel smeared with sterile emery flour for stropping the instrument 
during the course of an operation, but the ordinary care which a man 
gives to his “ cut-throat ” razor for shaving purposes is all that is 
required to keep a graft-cutting knife in excellent condition for many 
months and for a very large number of operations. The knife should be 
carefully washed and dried after use and should be stropped immedi- 
ately ; it should also be stropped again immediately before use. It is best 
sterilised in lyso! followed by alcohol, or in the latter alone. Expensive 
strops are supplied by most surgical instrument makers but none of 
these has been found one tithe so useful ns a very low-priced three- 
sided strop, the Rosswayc Tri-side Strop, made and marketed by 
R. M. Ross, 2G Upton Road, Slough. The ordinary French razor made 
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of soft steel, to which an excellent cutting edge can be given (even after 
considerable damage has been done to it) by a few strokes on such a 
strop, is eminently suitable for cutting smaller grafts, only its limited 
length precluding its use for larger ones. A special metal handle has 
been made for me for the French razor blades by Messrs. Thackray, 
which allows for the locking of the blade in the open position. The 
older, more expensive and heavier Thiersch graft knife can be kept in 
good condition in precisely similar manner, and at times one has felt 
that its weight and balance offer certain advantages. 

The greased edge of the wood slip is applied transversely across the 
upper arm skin, just below the axilla, and its position is changed until 
a flat surface sufficiently broad for the required graft is produced. At 
one time a second wood slip was held above by an assistant, but this 
and all stretching or other manipulation of the skin were discarded 
many years ago, for these “ helps ” represent unknown factors and 
success depends upon a nice balance between the work of the two hands 
of the operator. In this procedure it is very essential that the right 
hand shall know precisely what the left hand is doing. 

The knife now begins its work. It is applied to the skin surface 
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just proximal to the wood slip and is worked steadily to and fro with a 
gentle sawing movement until it begins to cut. Just as a saw should 
be allowed to cut its own way through wood, so no undue force should 
be employed to make the knife cut through the epithelial layers of the 
skin. It is difficult to explain exactly what is to be done with the wood 
slip. Sometimes it is necessary to stretch the skin by drawing it down 
the arm, sometimes to press the edge firmly against the skin, but usually 
one finds only the very lightest contact is required to render the surface 
sufficiently taut to allow of easy cutting. As the knife advances so the 
slip recedes before it, sliding easily over the skin by virtue of its 
greased edge. Practice on a piece of chamois leather stretched over a 
board is well worth while, for only practice can develop the proper touch. 

Given a sharp knife, a modicum of skill and a reasonable amount 
of patience, graft-cutting should offer no serious difficulty. To this list 
of requirements, one should perhaps add a suitable patient, for there 
certainly are occasional individuals from whose skin it is extremely 
difficult to cut good grafts. In these it is probably undue thinness of 
skin which causes the difficulty, for when the skin is very thin and the 
tension produced by the wood is too great it is a very easy thing to cut 
through to fat, the skin splitting as though its contents were under 
tension and anxious to escape. 

Mention must be made of various other forms of apparatus which 
have been devised to aid the skin graft cutter of limited experience. 
Although the simple knife and wood slip method may be easy to the man 
who is continually cutting grafts, it does not prove so easy to the 
occasional skin grafter. The essential point common to all is some means 
of providing a flat skin surface from which the graft may be cut. In 
1921, in association with a colleague, T, Jackson, the writer described 
a simple skin-stretching device, illustrated in use in figure 2031. This, 
when made with sufficiently fine and sharp points on its cross-bars, 
does materially help in graft-cutting. It locks automatically and 
avoids that “ bellying ” of the underlying tissues which is often so 
troublesome. V. P. Blair employs a metal box attached to a suction 
apparatus and this, when suitably lubricated and drawn along the 
surface, draws up the skin in a flat line in front of the knife. Neither of 
these devices provides automatic knife action, and practice with the 
knife and patience are still required. 

Lane-Joynt of Dublin, an expert craftsman in metals, designed an 
instrument which provides both flat surface and automatic cutting. 
The principle is that employed in leather splitting, the knife edge fol- 
lowing a roller and being adjustable for wide variation in thickness of 
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graft. This instrument works perfectly so long as the knife is kept 
sharp mul the moving parts are given reasonable care and attention. 
The sole objections to it are that its cost is high and that the need 
for insertion of subcutaneous plates makes of graft-cutting a major 
instead of a minor operation. G. Iluiuby devised an instrument 



working on somewhat similiar lines but in which the need for sub- 
cutaneous plates was avoided by the strapping of a frame to the limb. 
In this n removable and renewable wafer-steel blade was provided. 

He has recently materially simplified his knife, and the latest 
model, which provides a most efficient means of cutting grafts of 
varying thickness, is illustrated in figure 2032. 

Any instrument which will provide a ready and certain means of 
graft-cutting must prove a boon to surgeons and patients alike, hut as 
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few surgeons have time and patience to adjust and care for mechanical 
devices the writer maintains that the simpler the apparatus the more 
rapidly may the technique he mastered, and the more frequently will 
the general surgeon be persuaded to employ it in his work. 

The graft obtained, it is laid flat on a sheet of gauze moistened with 
warm saline and is covered by another similar piece of gauze and 
placed on the table, suitably guarded by a red towel or other means 
lest it should be lost before it is required. This precaution is necessary, 
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for, though it barely seems possible, grafts have been seen reacliing the 
main operation area long before they were really required, dragged 
there unwittingly in swabs or adhering to the sleeve of an assistant or 
nurse. 

The area from which the graft has been cut is now wiped dry and 
covered with a layer of tulle gras, over which are placed several layers 
of gauze wrung out of saline. After the application of this dressing, the 
arm is entirely discarded by the surgeon and handed over to a nurse 
for bandaging. The precautions already mentioned against shifting of 
dressings are employed, for otherwise the donor area may easily cause 
more discomfort than the area grafted. 

The recipient area for the graft is now dealt with as an entirely 
separate procedure. Only in this way is it possible to maintain any 
degree of asepsis throughout such a two-stage operation. There are, of 
course, exceptions to this rule, when, for instance, a graft is cut from 
one part of an arm or leg for transfer to some other part of the same 
limb. In these cases the whole limb can be prepared at once and there 
is no need to divide the operation into two such definitely separate 
procedures. 

Whenever the raw surface to be covered possesses cavity form, it is 
advisable to make an accurate mould of it in dental modelling com- 
position (Stent). Such a mould greatly facilitates the application of 
the graft and ensures contact of the graft at all points on even the most 
irregular surface. The tablets of Stent are best prepared for use by 
standing in 1 in 20 carbolic solution until required. This sterilises their 
outer surfaces which have been subjected to handling. They may, 
alternatively, be kept sterilised in a jar containing formalin vapour, and 
are then handled by forceps. When required, they are immersed in 
boiling water, and when soft are worked up into a smooth mass which 
is applied to the raw surface and pressed home to fill the whole defect. 
It has been found of advantage to stretch over the mould a piece of 
gauze held in such a manner as to imitate the pressure which will be 
produced by the final dressing. While so held in position the Stent is 
hardened by dripping over it a stream of iced saline, either from a swab 
or, more effectively, from a dental chip syringe. When set, the mould 
is removed and dried. Careful note is made of the impression area and 
over this the graft is uniformly spread, raw surface outwards. When the 
surface to be covered is very large, several grafts may be required. 
These should be so arranged that their edges overlap slightly. 

The raw surface is cleared of blood clots and the graft-covered 
mould is applied. The skin surrounding the defect is wiped with ether 
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and is smeared with mastisol, as is also the exposed surface of the 
mould. The margins of the graft or grafts are turned over on to the 
surrounding skin edges, and the mould is provided with initial fixation 
bv the application of ribbon gauze strips held by the mastisol. The 
whole area is covered by layers of gauze or wool, and firm pressure is 
maintained by either a crepe bandage or elastoplast strapping. 

Figure 2033 illustrates the result to be expected from grafts applied 
on moulds in this manner to the interdigital clefts, while figure 2034 



illustrates the result of grafting the slightly depressed area produced by 
the excision of fibrosed skin and fascia in a case of Dupuytren's 
contracture. An area commonly treated in similar fashion is the 
large depressed raw surface left by excision of an X-ray bum of the 
back. 

1 no longer use the Stent mould when the raw area is on a fiat 
surface for I feel that in such situations the mould is liable to shift 
its position and drag the graft from its bed. Figure 2035 indicates the 
technique employed in such areas. The graft is spread on the raw 
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surface, Weeding having been arrested as far as possible by pressure 
and the application of iced saline, and is marginally sutured by mat- 
tress stitches of fine silkworm-gut passed on an eyeless needle. When 
several grafts are required, their edges are slightly overlapped and may 
be fixed by occasional mattress stitches passing through the two layers 
of graft and picking up the raw surface below. The graft is covered by 
a layer of tulle gras and any underlying blood is expressed by rolling 



Fig 2034.— A case or Dcfuytren's contractcre treated by free excuion of 

FIBROSED FASCIA A>D SETS. A THIERSCH GILA FT WAS EMTLOYED TO COVER THE RAW 
SURFACE WHICH REMAINED. 


over the area a folded gauze swab. A pressure dressing of cotton wool 
soaked in saline ot flavine and paraffin emulsion is then built up over 
the graft and the whole dressing is firmly fixed by the means already 
fully detailed. Careful splinting of a limb so treated must not be over- 
looked. . When the surface to be grafted is a granulating one, it is 
advisable, as has been mentioned previously, to shave off the granula- 
tions with a sharp scalpel or graft knife. This removes a layer of tissue 
which is likely to be infected and which, in any case, produces dis- 
charge capable of preventing correct apposition of the graft. It leaves 
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a surface with punctate hemorrhages very like that left in the donor 
area. Figures 2036 and 2037 illustrate cases treated in this manner. 

In the neck region a similar method is employed, though here it is 
sometimes advisable to use a Stent mould of ample proportions which 
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will act in the dual capacity of pressure dressing and splint to restrict 
movement of the parts. Figure 2038 illustrates a result obtained in 
this manner. 

Plaster-of-Paris fixation lias a definite place in all plastic work, 
but it has to be remembered that it is difficult to prepare plaster-casts 



Fig 2037 — Lono-sta\dixq gratclatlnc surface following extensive btr\ 

TRrATED IS SEVERAL STAOES BY THE APPLICATION OF THIERSCH GRAFTS. THE GRANU- 
LATIONS WERE REMOVED BY SHAVING BEFORE THE CR-VFTS WERE APPLIED. 



beforehand for cases in which contractures are present, and their pre- 
paration at the time of operation adds a further long period to what has 
probably already been a rather prolonged operative procedure. 
Post-Operative Care 

The donor area is left entirely untouched for at least a week, and 



3718 


POST-GRADUATE SURGERY 


it is usual at that time to be able to peel off the dressing readily and 
painlessly and to find a completely epitheVialised surface already present. 
The grafted area is also left undisturbed for seven to ten days unless 
rise of temperature, pain or excessive discharge indicates the need for 
earlier dressing. The outer dressings are removed down to the mould. 
The edges of this, which have become glued by inspissated serum and 
blood, are moistened with peroxide of hydrogen until the mould can 
be loosened and removed without dragging the newly adherent graft 
with it. Redundant edges are trimmed away and the surface of the 
graft is gently dabbed clean of secretions. Any blisters which have 
formed owing to collections of blood or serum under the graft are 
opened and evacuated. 

Pressure is maintained by a bandage over cotton wool or gauze 
soaked in flavine and paraffin emulsion. The dressing is changed 
every two or three days, and a fortnight after operation the grafted 
area should be ready for gentle grease massage. Liquid paraffin, 
lanoline cream or cocoa butter may be employed for this purpose. 
Diving up of the graft should be prevented by keeping its surface 
slightly greasy. The after-treatment where no mould has been employed 
is precisely similar, but frequently there is no need to disturb the layer 
of tulle gras at the first dressing. 

The Application of the Thiersch Graft to Special Areas 

Thiersch-graft skin is particularly suitable for replacing lost mucous 
membrane, since mucous membrane itself is difficult to procure in any- 
thing like quantity and is, for the most part, placed in rather inaccessible 
positions. The use of the epidermal graft for this purpose in the eye 
socket and in the mouth, will be taken as. examples, and. its, use on the 
eyelid will also be described. 

Orbital Graft. 

The distorted eye socket is prepared by careful excision of all 
mucous membrane from the inner aspect of the eyelids and from the 
back wall of the socket. It is better to make a completely skin-lined 
cavity than to leave mucous membrane remnants producing discharge 
and spoiling the appearance of an artificial eye. For the removal to be 
performed efficiently, suction apparatus is almost imperative, for 
bleeding is usually troublesome and no other means will keep the 
mucosal surfaces clearly under observation while they are being separ- 
ated and cut away with scissors. Both upper and lower fomices are 
deepened, to an extent beyond the normal, by incision and by the 
removal of any scar tissue encountered in these regions. Hemostasis 
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is obtained by picking up and twisting any bleeding vessels, and by 
means of ice-cold compresses. 

Care should be taken in using the suction apparatus lest undue 
traction is made on orbital fat, for it is desirable that this should be 
disturbed as little as possible and that a smooth surface should be left 
to receive the graft. 

A Stent mould is made of the over-large cavity thus produced, the 
eyelids being drawn gently together over it, either by traction sutures 
or by fine tissue hooks, during the setting process, which is hastened by 
a trickle of iced saline from a dental chip syringe. Careful attention 
should be given to filling out the fomices, and the Stent should be 
moulded into disc-shaped form. Instead of the Stent mould I 
frequently employ in this situation hollow glass shapes made by 
Millauro. 

It is not altogether essential, but because disappointments have 
resulted from the too early extrusion of the mould in the after-treat- 
ment of these cases, the edges of the eyelids are usually freshened in 
their middle thirds at this stage in readiness for approximation by 
suture later. 

It is a wise precaution to mark the mould in some convenient 
maimer (as by scratching with a needle) to indicate its front surface 
and one or other of its extremities, for these moulds are almost sym- 
metrical in shape, and these points are not always easy to recall when 
the mould has been removed and the graft applied. When set, the 
mould is removed and dried, and is then draped with the Thiersch graft, 
raw surface outwards, the junction line of graft edges being arranged 
to lie in front in line with the palpebral fissure. If the graft is really 
an epidermal one and is amply large for the job, no difficulty will be 
experienced in spreading it over the mould. If it is thick and more 
nearly approaching the Wolfe graft in character (and, therefore, 
unsuitable for use in this region because it will almost certainly grow 
hairs), its edges will continually curl back and give endless trouble in 
spreading. The graft-covered mould is inserted and the freshened 
portions of the eyelid margins are approximated by a running sub- 
cuticular suture. A mild pressure-dressing of gauze or wool is applied 
over a piece of tulle gras and is retained in position by a crepe bandage. 

Unless pain or tenderness to pressure over the dressing is experi- 
enced, the area is left undisturbed for a week, after which any discharge 
is gently mopped away and the eyelid suture is removed. Gentle irriga- 
tion or mopping of the open parts of the palpebral fissure is carried out 
daily, and the region is kept covered by a pad and bandage or an eye- 
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shade. The longer the mould can be retained, the more certain is it 
that a perfectly cpithelialised cavity will be found when it is removed. 
It is for this reason that a glass shape is frequently employed in prefer- 
ence to a Stent mould, since the surface of the latter is liable to become 
macerated after a time and appears to produce a certain degree of 
irritation. 

The patient leaves hospital soon after the first dressing, and con- 
tinues to carry out the simple post-operative toilet himself, returning 
periodically for inspection. Occasionally, inflammatory reaction is 
encountered, due to retention of discharge behind the mould, or to 
neglect to keep the open parts of the palpebral fissure draining freely. 
This complication is not serious and is readily dealt with by free 
irrigation. 

In four to six weeks, when all danger of contraction in the grafted 
area is past (and this region above all others is especially prone to con- 
traction), the bond of union between the eyelids is divided by a single 
cut with fine scissors. No anaesthetic, or at most only the injection of a 
few drops of local anaesthetic solution, is required for this. The mould is 
removed, and the socket is mopped clear of the epithelial debris arising 
from original excess of graft, or from desquamated surface layers. 
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At this stage a normally shaped artificial eye of larger-than-normal size 
is fitted. If such a prosthesis is not immediately available, the mould 
is replaced and the patient carries out a daily toilet of the socket until 
he can visit the artificial eye maker. Eyes of gradually decreasing 
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size are fitted, and finally one of correct shape, size and colour is 
prepared. It seldom happens that a socket is made too large ; very 
frequently insufficient allowance is made for subsequent contraction. 
Figure 2039 illustrates a case treated in the manner described. 

Symblepharon. 

A further modification of this method of grafting has been found 
useful in cases of symblepharon. It is used as a preliminary measure 
to corneal grafting or to the fitting of a shell prosthesis in cases where 
the cornea has been rendered opaque and disfiguring. For this purpose 
sheet wax, known to dentists as “ pink wax,” lias been found the most 
suitable material on which to apply the graft. 

After freeing of the eyelids from the globe by careful dissection and 
the removal of scar tissue, a flat disc of this wax is cut, of such propor- 
tions that it will fit snugly over the eye and well upwards and down- 
wards into the fomices. This mould is rendered pliable by leaving it 
for a few seconds in warm water. It is hardened when in position by a 
stream of cold water delivered by a syringe. In order to avoid undesir- 
able pressure on the cornea, or to relieve it entirely of such pressure in 
cases where it is undamaged, a suitable circular piece is cut from the 
mould. The Thiersch graft, already taken, is draped over the mould 
from behind forwards, covering completely the posterior (ocular) sur- 
face and having its edges meeting on the anterior (palpebral) surface 
along the line occupied by the palpebral fissure. The draped mould 
is inserted, and the circular area of graft exposed in the central opening 
is removed so that the cornea is exposed. 

The eyelids are now approximated in their central thirds in the 
manner already described, and a similar dressing is applied. The eye 
should be examined daily and a careful watch kept for untoward signs 
or symptoms. After the first few days gentle irrigation may be used 
to wash away unwanted redundant graft or epithelial debris. The 
mould should be retained for some 2-3 weeks if practicable. It can 
readily be removed without separating the lid adhesion, for the wax 
can be divided by scissors into two pieces which are easily extracted 
laterally. The eyelids are usually separated, however, at this stage, and 
free movements of eye and eyelids are encouraged. 

Further stages in the treatment of such cases are described in a 
paper published in the Trans. Ophth. Soc., XLIV, 1929, by Gillies 
and Kilner. 

Ectropion. 

Whilst dealing with the orbital region, a brief description may be 
given of the treatment of cicatricial ectropion. The details of the 
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size arc fitted, and finally one of correct shape, size and colour is 
prepared. It seldom happens that a socket is made too large ; very 
frequently insufficient allowance is made for subsequent contraction. 
Figure 2039 illustrates a case treated in the manner described. 

Symblepharon . 

A further modification of this method of grafting has been found 
useful in cases of symblepharon. It is used as a preliminary measure 
to corneal grafting or to the fitting of a shell prosthesis in cases where 
the cornea has been rendered opaque and disfiguring. For this purpose 
sheet wax, known to dentists as “ pink wax,” has been found the most 
suitable material on which to apply the graft. 

After freeing of the eyelids from the globe by careful dissection and 
the removal of scar tissue, a flat disc of this wax is cut, of such propor- 
tions that it will fit snugly over the eye and well upwards and down- 
wards into the fomiccs. This mould is rendered pliable by leaving it 
for a few seconds in warm water. It is hardened when in position by a 
stream of cold water delivered by a syringe. In order to avoid undesir- 
able pressure on the cornea, or to relieve it entirely of such pressure in 
cases where it is undamaged, a suitable circular piece is cut from the 
mould. The Thiersch graft, already taken, is draped over the mould 
from behind forwards, covering completely the posterior (ocular) sur- 
face and having its edges meeting on the anterior (palpebral) surface 
along the line occupied by the palpebral fissure. The draped mould 
is inserted, and the circular area of graft exposed in the central opening 
is removed so that the cornea is exposed. 

The eyelids are now approximated in their central thirds in the 
manner already described, and a similar dressing is applied. The eye 
should be examined daily and a careful watcli kept for untoward signs 
or symptoms. After the first few days gentle irrigation may be used 
to wash away unwanted redundant graft or epithelial debris. The 
mould should be retained for some 2-3 weeks if practicable. It can 
readily be removed without separating the lid adhesion, for the wax 
can be divided by scissors into two pieces which are easily extracted 
laterally. The eyelids are usually separated, however, at this stage, and 
free movements of eye and eyelids are encouraged. 

Further stages in the treatment of such cases are described in a 
paper published in the Trans. Ophth. Soc., XLIV, 1929, by Gillies 
and Kilner. 

Ectropion. 

Whilst dealing with the orbital region, a brief description may be 
given of the treatment of cicatricial ectropion. The details of the 
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shade. The longer the mould can he retained, the more certain is it 
that a perfectly epitlieiialised cavity will be found when it is removed. 
It is for this reason that a glass shape is frequently employed in prefer- 
ence to a Stent mould, since the surface of the latter is liable to become 
macerated after a time and appears to produce a certain degree of 
irritation. 

The patient leaves hospital soon after the first dressing, and con- 
tinues to carry out the simple post-operative toilet himself, returning 
periodically for inspection. Occasionally, inflammatory reaction is 
encountered, due to retention of discharge behind the mould, or to 
neglect to keep the open parts of the palpebral fissure draining freely. 
This complication is not serious and is readily dealt with by free 
irrigation. 

In four to six weeks, when all danger of contraction in the grafted 
area is past (and this region above all others is especially prone to con- 
traction), the bond of union between the eyelids is divided by a single 
cut with fine scissors. Xo anjesthetic, or at most only the injection of a 
few drops of local anaesthetic solution, is required for this. The mould is 
removed, and the socket is mopped clear of the epithelial debris arising 
from original excess of graft, or from desquamated surface layers. 
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At this stage a normally shaped artificial eye of larger-than-nonnal size 
is fitted. If such a prosthesis Is not immediately available, the mould 
is replaced and the patient carries out a daily toilet of the socket until 
he can visit the artificial eye maker. Eyes of gradually decreasing 
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size are fitted, and finally one of correct shape, size and colour is 
prepared. It seldom happens that a socket is made too large ; very 
frequently insufficient allowance is made for subsequent contraction. 
Figure 2039 illustrates a case treated in the manner described. 

Symblepharon. 

A further modification of this method of grafting has been found 
useful in cases of symblepharon. It is used as a preliminary measure 
to corneal grafting or to the fitting of a shell prosthesis in cases where 
the cornea has been rendered opaque and disfiguring. For this purpose 
sheet wax, known to dentists as “ pink wax,” has been found the most 
suitable material on which to apply the graft. 

After freeing of the eyelids from the globe by careful dissection and 
the removal of scar tissue, a flat disc of this wax is cut, of such propor- 
tions that it will fit snugly over the eye and well upwards and down- 
wards into the fornices. This mould is rendered pliable by leaving it 
for a few seconds in warm water. It is hardened when in position by a 
stream of cold water delivered by a syringe. In order to avoid undesir- 
able pressure on the cornea, or to relieve it entirely of such pressure in 
cases where it is undamaged, a suitable circular piece is cut from the 
mould. The Thiersch graft, already taken, is draped over the mould 
from behind forwards, covering completely the posterior (ocular) sur- 
face and having its edges meeting on the anterior (palpebral) surface 
along the line occupied by the palpebral fissure. The draped mould 
is inserted, and the circular area of graft exposed in the central opening 
is removed so that the cornea is exposed. 

The eyelids are now approximated in their central thirds in the 
manner already described, and a similar dressing is applied. The eye 
should be examined daily and a careful watch kept for untoward signs 
or symptoms. After the first few days gentle irrigation may be used 
to wash away unwanted redundant graft or epithelial debris. The 
mould should be retained for some 2-3 weeks if practicable. It can 
readily be removed without separating the lid adhesion, for the wax 
can be divided by scissors into two pieces which are easily extracted 
laterally. The eyelids are usually separated, however, at this stage, and 
free movements of eye and eyelids are encouraged. 

Further stages in the treatment of such cases are described in a 
paper published in the Trans. Ophlk. Soc., XLIV, 1929, by Gillies 
and Ivilner. 

Ectropion. 

Whilst dealing with the orbital region, a brief description may be 
given of the treatment of cicatricial ectropion. The details of the 
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technique employed arc well illustrated in figure 2040. The principle in- 
volved is tha t alread}’ stressed as essentia J in all free skin-grafting, namely, 
accurate pressure dressing giving complete apposition between graft and 
bed. In the eyelid region this desideratum is obtained by stretching 
the eyelid outwards over the graft-covered mould by means of sutures. 
The writer is convinced that this, the original method of applying the 
graft developed by Gillies at the Sidcup Hospital, is superior to any 
other, for only by this means can efficient over-correction be obtained, 


Ftg SOW—' Tiutxct or tcisoiiox 
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and allowance thus be made for some degree of subsequent contraction. 
For a time the newly-grafted surface remains depressed, but this 
hollowness quickly disappears on light grease massage. Figure 2041 
illustrates a case treated by this method. 

Early grafting of ectropic eyelids in bum cases is to be most strongly 
advocated if corneal ulceration and opacity are to be avoided. Further 
contraction may occur m such cases and ectropion may reappear, but 
the operation is simple and can readily be repeated. 

Inlra-buccal Grafting. 

In the mouth the Thiersch graft is chiefly useful for the reconstruc- 





PLASTIC SURGERY 


3723 


tion of an obliterated sulcus. In post-War surgery such deformity was 
extremely common after gunshot fractures of the mandible or maxilla. 
In civil practice the “ buccal inlay,” as it has been termed, finds its 
chief fields of application in restoring contour in the chin region, in the 



Fig 2011 — A case or gross facial disfigurement followisq acid burs. 
Ectropion treated by Tbiersck grafts applied on moulds. 


premaxillary region in cleft lip and palate deformity, or in the treat- 
ment, by the Gillies method, of the “ dish-face ” deformity so frequently 
associated with luetic infection. 

It is likely to he used increasingly for the re-formation of a buccal 
sulcus in edentulous cases with excessive absorption of the alveolar 
bone in which the fitting of a stable denture is otherwise impossible. 
An example of the use of this method in a case of extreme retrognathisra 
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following trismus is illustrated in figure 2042, while figure 2043 illus- 
trates a case of severe cleft lip and palate deformity treated in a similar 
manner. In these cases the final contour depends on the shape and 
size of the dental prosthesis fitted in the skin-lined pocket provided for 



its reception. In. the luetic nose the original mould is later dispensed 
with in part or altogether, for the final support of the nose bridge is 
provided by a hinged cartilage graft from the patient’s 7th or 8th costal 
cartilage. A case treated in this manner is illustrated in figure 2044. 

For work of this kind in the mouth, dental apparatus is employed 
in the form of a metal-cap splint carrying an adjustable flange to press 





PLASTIC SURGERY 


3725 



Fig. 2043 — Marked recession of upper lip end nose in a case op cleft up and 
palate Contour restored by treeino op up and nose from maxiuje, Thiersch 

CKAFTINO OP RAW SURFACES ON A MOULD, AND THE FITTING OP A DENTIRE CARRA INO 
TEETH IN CORRECT OCCLUSION WITH THOSE IN MANDIBLE 

liome and retain the Stent mould. In recent years, frequently faced by 
cases for which expert dental attention could not be obtained or afforded, 
use has been made of an adaptation and extension of the Ivy method 
of eyelet- wiring for jaw fractures. This has proved an economical, and 
in every way satisfactory, method of mould retention and has many 
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following trismus is illustrated in figure 2042, while figure 2043 illus- 
trates a case of severe cleft lip and palate deformity treated in a similar 
manner. In these cases the final contour depends on the shape and 
sire of the dental prosthesis fitted in the skin-lined pocket provided for 



its reception. In the luetic nose the original mould is later dispensed 
with in part or altogether, for the final support of the nose bridge is 
provided by a hinged cartilage graft from the patient's 7th or 8th costal 
cartilage. A case treated in this manner is illustrated in figure 2044. 

For work of this kind in the mouth, dental apparatus is employed 
in the form of a metal-cap splint carrying an adjustable flange to press 
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Fig 2043 —Marked recession o? upper up and nose i\- a cabe or cleft lip and 
palate. Contour restored by przeixo op lip and nose prom m*xill.e, Thiersch 

GRAFTING OP RAW SURFACES OX A MOULD, AND THE PITTINO OP A DEVTrSE CABRYIXO 
TEETH IX CORRECT OCCLUSION WITH THOSE IS MANDIBLE. 

home and retain the Stent mould. In recent years, frequently faced by 
cases for which expert dental attention could not be obtained or afforded, 
use has been made of an adaptation and extension of the Ivy method 
of eyelet-waring for jaw’ fractures. This has proved an economical, and 
in every way satisfactory, method of mould retention and has many 
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other applications. Figure 2045 makes this method amply clear when 
considered with its full legend. 

Intra-buccal skin-grafting can be employed with advantage in many 
general surgical conditions where raw surfaces, leading to disfiguring 
contraction, are commonly left to close by granulation. An example of 
such a case is given in figure 2040, where the left maxilla has been 



Fig S)iA— A otTMmrsi or the Ivy loot iitmon or i'tir dental worse roa 

THE RETENTION OF MOtTLBS TOE INTRA BYCCAL AND NASAL SEIN-OBAITCCO. 

removed for growth. Had a simple half denture been prepared before- 
hand in this case, provided with clip fixation to the teeth on the right 
side, and with a projection to the left to support a Stent mould, the 
whole of the raw surface left by removal of the maxilla could have been 
readily epitlielialised and all disfigurement prevented. Modification of 
the denture later would have built out the cheek in perfect form, 
and the necessity for the further operation required would have been 
avoided. 

In the absence of dental apparatus or when teeth are not available 
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for the alternative method of fixation described above, moulds may be 
held in place, long enough to ensure satisfactory grafting, by suitably 
placed silkworm-gut sutures. 



THE WOLFE GRAFT 

Although several previous attempts had been made to transplant 
whole-thickness skin, with varying degrees of success, the credit for the 
introduction of this form of free skin graft is usually given to Wolfe of 
Glasgow who, in 1875, described his successful use of the material in 
the reconstruction of a lower eyelid. In 1896, Krause reported the use 
of the same type of graft in a large series of cases and described in great 
detail a technique which differs little from that employed to-day. In 
view of this work, in which full credit was given to the earlier reports 
of Wolfe and others, it is not unreasonable that this graft should be 
named, as it frequently is, the Wolfe-Krause graft. “ Full-thickness, 
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other applications. Figure 2045 makes this method amply clear when 
considered with its full legend. 

Intra-huccal skin-grafting can be employed with advantage in many 
general surgical conditions where raw surfaces, leading to disfiguring 
contraction, are commonly left to close by granulation. An example of 
such a case is given in figure 2046, where the left maxilla has been 
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removed for growth. Had a simple half denture been prepared before- 
hand in this case, provided with clip fixation to the teeth on the right 
side, and with a projection to the left to support a Stent mould, the 
whole of the raw surface left by removal of the maxilla could have been 
readily epithelialised and all disfigurement prevented. Modification of 
the denture later would have built out the cheek in perfect form, 
and the necessity for the further operation required would have been 
avoided. 

In the absence of dental apparatus or when teeth are not available 
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for the alternative method of fixation described above, moulds may be 
held in place, long enough to ensure satisfactory grafting, by suitably 
placed silkworm-gut sutures. 



Fig 2046— A CAM IS WHICH THE Utrt MIXILLA HAD SEEN REMOVED FOR OROWTK AND THE CHEEK 
TISSUE9 HAD BEEN ALLOWED TO CONTRICT THE DEFORXITT WAS CORRECTED BY THE PREPARATION 

op A Thiersch grafted pocket accommodating an extension fbom the upper denture. 


THE WOLFE GRAFT 

Although several previous attempts had been made to transplant 
whole-thickness skin, with varying degrees of success, the credit for the 
introduction of this form of free skin graft is usually given to Wolfe of 
Glasgow who, in 1875, described his successful use of the material in 
the reconstruction of a lower eyelid. In 189G, Krause reported the use 
of the same type of graft in a large series of cases and described in great 
detail a technique which differs little from that employed to-day. In 
view of this work, in which full credit was given to the earlier reports 
of Wolfe and others, it is not unreasonable that this graft should be 
named, as it frequently is, the Wolfe-Krause graft. “ Full-thickness, 



372S POST-GRADUATE SURGERY 

“ denno-epidcrmal ” and “ dissected ” are alternative names for the 
same material. 

The "Wolfe graft consists of the full thickness of the skin down to, 
but not including, subcutaneous fat. It is outlined by a sharp scalpel 
and freed in much the same manner as that employed in raising skin 
in the dissecting room. When the outlining incision is being made the 
skin should not be stretched ; once this incision is completed, stretching 
of the skin by an assistant facilitates the removal of the graft. The 
graft should be cut to precisely the size and shape of the defect it is to fill 
and no allowance be made for contraction as was at one time advised. It 
is essential that lymph spaces should be kept open in as nearly as possible 
normal state if early establishment of nutrition is to be assured. In 
order to ensure this, a pattern is made in tinfoil, cellophane, or other 
convenient material, of the area to be covered, and this, applied to the 
donor area, is used as a guide for the outlining incisions. With very few 
exceptions it is impracticable to cut a Wolfe graft (as it is possible and 
desirable to cut a Thiersch graft) before dealing with the recipient area. 

The ulcer or scar is carefully and freely excised, when possible well 
out into normal surrounding skin and down to healthy subcutaneous 
tissue. Undermining of the edges is to be avoided for this may lead to 
hfcmatoma formation. The margins of such a wound usually retract 
spontaneously and sometimes to a surprising extent once they are freed 
from the scar tissue. It is only after tliis has occurred that it is possible 
to judge the size of the graft required, and it is for this reason that the 
taking of the graft is deferred until this stage. Haemostasis is of para- 
mount importance and is obtained, without ligatures, by the firm 
application of gauze sponges wrung out of iced saline solution or by 
blowing a stream of air on the surface from a hair-drying machine. 
Where discrete bleeding vessels persist, diathermy coagulation may be 
employed, but the areas of coagulation should be kept as small as 
possible. 

The pattern is now cut and is marked in any convenient manner to 
indicate its outer surface and, if of roughly symmetrical shape, at least 
one of its extremities. It is surprisingly easy to find oneself with a 
perfectly cut graft which will fill the defect only with its raw surface 
outwards if these precautions arc not taken, and if the pattern is not 
transferred immediately to the donor area. 

In order to maintain strict asepsis in the donor area and more 
especially when some infection is present in the recipient area, the 
pattern may he boiled or otherwise sterilised at this stage and the 
operator’s gloves may be changed or washed. 
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The graft is now cut in the manner described, avoiding all unneces- 
sary trauma by the use of fine tissue hooks in lieu of dissecting forceps. 
I found the earlier form of tissue hook (Gillies) too thick and large for 
this purpose and this led me to design the particularly fine hook with 
detachable handle already illustrated (see fig. 2026). By this means the 
possession of really sharp hooks can be assured at all times, for the hook 
portion of the instrument may be discarded for replacement or repair 
whenever it becomes blunt or otherwise damaged. The graft is spread 
out on the pattern, correctly orientated and, wrapped in gauze soaked 
in warm saline, is put on one side while the raw surface left by its 
removal receives attention. If the raw surface is a small one it may 
be closed by direct approximation of its edges, after suitable under- 
mining, but this procedure frequently leads to the formation of a keloidal 
scar. If left to epithelialise spontaneously, healing is delayed for 
several weeks, the wound is a painful one for dressings, and the resulting 
scar is often a very disfiguring one. For some time now it has been my 
practice to cut a Thiersch graft from the neighbouring skin and to apply 
it with marginal suture fixation and pressure dressing to the raw sur- 
face. This ensures a perfectly healed surface in 7-10 days. 

The graft is transferred to the recipient area and placed in correct 
position by reference to the markings on the pattern. Single sutures 
are placed at four cardinal points, and the edges of the graft are then 
very carefully stitched to the margins of the defect by a fine silkworm- 
gut suture on an eyeless (atraumatic) needle applied in continuous end- 
on (vertical) mattress fashion. The edges are handled very gently 
with fine dissecting forceps or with the fine tissue hooks already men- 
tioned. All blood is expressed from under the graft, by rolling a folded 
gauze sponge over it, before the final points of the suture are inserted. 
A layer of tulle gras is applied and a pressure dressing is built up of 
cotton wool soaked in either saline or flavine-paraffin emulsion. This 
dressing is held snugly in position under gentle elastic tension by the 
application of elastoplast strapping or a crepe bandage. Ferris- 
Smith, doing experimental work on such grafts, found that the ideal 
pressure was 30 mm. mercury, and provided this by incorporating in 
the dressing a rubber bag (fig. 2047), which could be kept pumped up 
to this pressure by means of a sphygmomanometer apparatus. Sorbo 
rubber and sea sponges have been used for the same purpose. In the 
majority of situations the technique described is sufficient ; in others, 
where application of pressure to an irregular surface is required, the 
pressure-bag method repays the extra trouble it entails. 

Coelst of Brussels has recently described ( Revue de Chirurgie Struct ive, 
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Dec. 1935, 105) an ingenious method of fixing the grafted area by 
means of a “ frame ” cut in celluloid and attached by fine sutures to 
the surrounding skin. Over the graft itself he applies either a Stent 
mould or a sheet of celluloid held in position by a number of sutures 
passed from side to side of the surrounding frame. When a celluloid 
covering is employed it is possible to observe the progress of the graft 
without disturbing the fixation. Coelst stresses the importance of 
fixation ( contention ) rather than of pressure. 

Perforations or snicks in the graft may be employed to provide for 
escape of blood or semm, but these detract from the cosmetic result 



and are not necessary when haemostasis and uniform pressure-dressing 
can be obtained. 

Wolfe grafts are most successful when the recipient area is backed up 
by bone ; they are least likely to succeed on soft mobile surfaces. 
When a limb is under treatment, splinting of adjacent joints should be 
provided. 

It has been shown by Staige Davis and Traut that the Wolfe graft 
derives its early nutrition from lymph exuding from the raw surface 
under it. It is for this reason that it is so important that all receptive 
lymph spaces shall be normally open and not closed as they would be 
were the graft cut larger than the defect. Vessels grow in rapidly from 
the edges of the defect, and actual bleeding from such a graft has been 
noted in eighty-four hours. The dressings are left undisturbed for 
about seven days, when the surface of the graft and the suture line are 
very gently wiped and the sutures are removed. The dressing is 
reapplied and pressure is maintained for a further 5-7 days. Bulls 
sometimes develop, which should be snipped with fine scissors and 
treated with a 1 per cent watery picric acid solution. Any small area of 
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surface necrosis should be treated in similar manner, the object being 
to maintain a state of dr}' and localised, rather than of moist and spread- 
ing, gangrene. Massage, preferably with some greasy preparation such 
as cold cream, lanoline cream, or cocoa butter, will do much to keep the 
graft soft and supple. Without it, the surface epithelium becomes dry 
and dirty-looking and takes a considerable time to shed itself. Occasion- 
ally the whole of a Wolfe graft may be lost owing to the formation of a 
hrematoma under it, while frequently small areas of necrosis occur 
which may rob the result of cosmetic perfection. The marginal scar is 
usually good, but in some cases it is keloidal and requires suitable radium 
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treatment. While contraction in a Thiersch grafted area is by no means 
uncommon, little or no contraction occurs in an area successfully 
grafted with whole-thickness skin. In some individuals a Wolfe graft 
remains dead white and may stand out as a very obvious patch ; in 
others, apparently as the result of blood disintegration in its substance, 
it may take on a peculiar dirty brown tinge which may last for a long 
time or even be permanent. Expression of blood from the graft before 
sewing it in position may prevent this discolouration. 

It is important to choose, for an exposed, normally hairless region, 
a donor area free from hairs, and for this reason shaving should play 
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THE INTERMEDIATE, SPLIT-SKIN OP. THICK RAZOR GRAFT 

This graft, used extensively by Blair and Brown, usually cut l>y 
the help of the suction box already mentioned, takes a place midway 
between the Thiersch and Wolfe grafts both as regards certainty of 
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“ take ” and final appearance. Either the Lane-Joynt or the Humby 
apparatus may be employed for cutting such grafts. Figure 2053 illus- 
trates the result of such a graft on the cheek and upper lip. 

SIEVE GRAFT 

Douglas lias described this graft — a full-thickncss graft with 
numerous circular perforations corresponding to islets of skin left 
behind on the donor surface. With this, again, the cosmetic result is 
likely to he far fponi ides}, while the method of Thiersch grafting the 
raw surface in the donor area does away with the necessity for assisting 
healing by leaving behind islands of skin. 

BURTED GRAFTS 

Braun has revived a method of burying thin Pinch grafts, originally 
described by Pollock in 1870. McLennan and Keller have separately 
described Tunnel grafting — the introduction of full-thickness skin 
strips into tunnels made below a granulating surface. Thiersch graft 
strips have been woven into similar surfaces while epithelial paste, 
obtained by scraping moist skin with a knife, has been injected below 
such granulations. The probable explanation of any success with these 
latter methods is the ** natural ” pressure dressing and accurate apposi- 
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tion of graft to bed which the procedures provide. All have their uses 
in selected cases. 

Mention should be made at this point of the results of attempts to 
graft from one individual to another of the same species (homo-skin- 
grafting) and from a member of one species to a member of a different 
species (hetero-skin-grafting). 

The evidence is very conflicting but for all practical purposes the 
dictum of G. C. Padgett given in an Editorial on the subject in Surgery , 
Gynecology and Obstetrics (Dec. 1932) may be accepted as correct: 
“ Isodermic (homo-) skin-grafting is not practicable except possibly 
from identical twin to identical twin.” 

In many cases where homo- or hetero-skin-grafting has been 
attempted, immediate “ take ” of the graft has been satisfactory but 
the whole graft has “ dissolved ” in the course of a few days to a few 
weeks. Near relationship appears to be of more importance in this 
connection than blood-grouping. 

The use of homo-skin-grafts may be indicated, even although no 
permanent epithelialisation may be obtained by this means, in small 
children denuded of large areas of skin by bums, scalds, or other forms 
of trauma. 

On three occasions when Gillies lias attempted to transfer a skin 
flap carrying its own blood supply from one individual to another, 
complete failure of “ take ” has resulted. These cases were reported 
in the Charles H. Mayo Lecture published in North-Western University 
Bulletin , Yol. XXXV, No. 20, Jan. 1935. 


CHAPTER III 


Other Forms of Free Graft 

A. FAT GRAFTS 

Free grafts of fat are particularly useful in building up contour where 
a rounded soft outline is desired. Fat for this purpose may be obtained 
in ample quantity from the abdominal wall of the average individual ; 
alternatively it may be taken from the thigh. It should be remem- 
bered that fat, having a low intrinsic “ vitality,” is particularly prone 
to infection, and careful aseptic precautions should, therefore, be 
exercised in both donor and recipient areas. 

An incision is made through skin only. On the abdominal wall it is 
as well to place this incision away from the region where classical 
incisions for intra-abdominal operations are made, lest confusion arise 
later in the patient s history. The edges of the wound are held up by 
fine tissue hooks and the skin is undermined on a superficial plane 
sufficiently widely to expose the desired amount of fat. Fat grafts 
gradually shrink to about two-thirds the volume they possess at the 
time of insertion, and this must be remembered when the graft is being 
cut. The wound edges are widely retracted and the graft outlined by 
a scalpel. The area of fat thus separated is freed from its deep con- 
nection by scissors and the graft is placed on one side, wrapped in 
gauze wrung out of warm saline. All bleeding vessels are picked up 
and ligatured. Bleeding is usually free and there is danger of hiematoma 
formation in the dead space left by the removal of the graft. It is 
wise, therefore, to insert a small drain in the suture line. An attempt 
is made to obliterate the space by end-on mattress sutures passed 
through the skin and picking up the fat surrounding the space. 
Occasionally these are made to pick up the deep fascia also. The 
area is temporarily covered by gauze, and at the end of the operation 
a pressure dressing is built up over this and held in position by elastic 
adhesive strapping. 

Conditions in which fat grafts are found useful are the depressed 
scar areas sometimes following radical operation on the frontal sinuses, 
depressed malar and cheek areas where bony replacement has not been 
carried out early in treatment or where there has been bone I033, and 
3736 
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depressed scars following cervical adenitis where local fat flans 
available or provide insufficient bulk to fill the defect ' Th '' Dt 
seldom useful in nose work, for here greater definition and sun,"! 
than they will supply is required. They are occasionally inserted t 
later date under the Thiersch graft employed for the correct' 'r 
ectropion. Theoretically they should he useful in the pectoral r""' ° f 
for reconstructing contour, for example, after the removal of^r 
breast. I have never yet had a case where such reconstruct! I 
appeared justifiable, the danger of stirring up further disease In 
weighed heavily against purely cosmetic considerations, tvhiol V1 ” 8 
readily he met by simple prosthetic means. ’ catl 

The skin of the area to be raised is carefully undermined 
being obtained either by excision of an existing scar or by 
incision placed in some inconspicuous position. Bleeding is a a' 1 
usually free and is difficult to control except by pressure 0 °r pacK^' 1 
since undermining is of the blind variety and bleeding points cannot bo 
exposed. The fat is cut roughly to the shape of the recipient cavit^ 
and is merely packed in, or may be guided into position by sutures 
passed through the skin at the extremities of the cavity and throuol 
the corresponding angles of the graft. These sutures are of the mattress 
variety and are loosely tied over small gauze rolls. A few points of 
suture are passed between the margins of the wound, and these, held 
up by an assistant, bring the skin edges together for the insertion of 
interrupted skin approximation sutures. The wound edges should be 
accurately apposed and great care should be taken that no particles of 
fat separate them. The wound is dressed and the whole area provided 
with a dressing supplying gentle and uniform pressure. A careful 
watch for infection or hsematoma formation should be kept. In evacu- 
ating blood or serum, care must be taken that the graft itself is not 
extruded also. Occasionally a fine drain of twisted silkworm-gut is 
indicated, but it should be remembered that while providing egress for 
blood this increases the liability to ingress of infection from the skin 
surface. 

It has been suggested that such grafts do not persist as fat but 
become organised into fibrous tissue. I have had reason to explore 
areas where fat grafts have been inserted many years previously and 
I have encountered fat which to the naked eye differs in no way from 
normal fat. 

The need for over-correction has already been, mentioned. It will 
bear re-stressing : It is a very easy thing to excise a little fat if the 
over-correction persists when the parts have settled down; it is 
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troublesome to have to go through the whole process of taking and 
inserting another fat graft. 

The final photograph of the case illustrated in figure 2054 indicates 
how effectively a free fat graft may be employed to restore the soft 
contour of the cheek. 

When sufficient local material is present, the correction of a de- 
pressed scar does not call for the introduction of a free fat graft from 
a distance. The skin scar is excised and the margins are undermined 
and retracted to expose the neighbouring deep tissue. Flaps of this 
tissue sufficient to meet the requirements of the case are fashioned and 
approximated. In some cases local flaps of this kind are made, but with 
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their bases at the margins of the deep tissue defect and their distal 
extremities turned over into the depression and fixed by catgut sutures. 
A depressed scar treated in this manner is illustrated in figure 2054. 


B. BONE GRAFTS 

Although bone is occasionally employed in lieu of cartilage for 
restoration of nasal contour, it is seldom that the plastic surgeon is 
called upon to use this material except for the repair of defects in the 
mandible. Such defects were extremely common in early post-War 
work, bone having been lost as the result of gunshot wounds or 
following prolonged suppuration and sequestration. In civil practice 
one is called upon to repair losses due to old osteomyelitis, in cases of 
un-united fracture, and in cases in which portions of the jaw have been 
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removed in the treatment of malignant disease. The extent of the 
loss and the corresponding length of the graft required to make good 
that loss appear to have no bearing on the success or otherwise of the 
operation. 

It is essential that there shall remain no trace of infection either in 
the region of the defect or of the external scar, or about the roots of teeth 
which are likely to be approached during the preparation of the bed 
for the graft. Teeth should be removed when necessary, and if there is 
doubt about the scar region the scar should be excised as a preliminary 
procedure. Firm fixation of fragments — of both when possible, and of 
the larger fragment when the other is edentulous — is important. TVhen 
both fragments are edentulous, firm fixation of the graft itself to both 
fragments is essential, for the graft must act in such cases as the only 
splint available. 

Perforation of the buccal muco-periosteum contra-indicates the 
introduction of a graft, no matter how carefully the tear is repaired 
by sutures. Yo degree of malposition of fragments precludes successful 
grafting, but severe displacement and extensive scar tissue between the 
bone ends may necessitate operation in two stages. At the first of 
these the fragments are freed from the mass of scar tissue and are 
splinted in good position. It is my practice in such cases always to 
approach the mandibular fragments from outside, and it is seldom that 
I have found it impossible to free them and place them in normal 
position by this route and without opening into the mouth. Occasion- 
ally, however, intra-buccal scarring is so extensive that excision of 
scarred muco-periosteum with plastic rearrangement is required in order 
to allow the fragments to be separated and placed in correct position. 
In such cases it is wise to wait at least three months before re-operating. 

The smaller fragment in fractures near the angle of the mandible, 
which is frequently edentulous, is usually displaced upwards and rotated 
inwards so that its inferior border, instead of being roughly horizontal, 
slopes upwards and forwards. Free subperiosteal freeing of this fragment 
allows it to be brought down and back into correct position. In long- 
standing cases this may be impossible without division of the coronoid 
process to release the fragment from a fibrosed and contracted temporal 
muscle. I have never noted any disability following this procedure nor 
following the free separation of masseter and pterygoid muscles. These 
muscles undoubtedly establish fresh connections and take up their 
normal functions when the jaw is released from splints. The edentulous 
posterior fragment is maintained in good position by the bone graft 
itself. 



3740 


POST-GRADUATE SURGERY 


The larger tooth-carrying fragment is always fixed in occlusion, 
beforehand if possible, by metal-cap splints provided with some bolting 
mechanism holding the lower teeth to the corresponding ones in the 
upper jaw. Where expert dental collaboration is not available, simple 
inter-dental wiring provides satisfactory fixation. The splint illus- 
trated (fig. 2055) was prepared by Mr. A. L. Fraser and is the type 
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used at the Ministry of Pensions Hospital, Roehampton. Such an 
apparatus makes for clean and firm fixation and allows of easy separa- 
tion of the jaws at intervals for an estimate to be made of the firmness 
of union. 

Technique of Bone Graft Operation 
The jaw fragments are exposed through an incision planned to 
leave a scar line jost below the line of the restored mandible. When a 
scar is already present, this is excised and elongated, if need be, to obtain 
free access to the bone ends. Skin flaps are freed for a short distance 
above and below, and an incision is then made through the deep tissues 
straight down to bone. The internal and external surfaces of the bone 
are cleared by a rougine. Any irregular spicules of bone are divided at 
their bases and carefully twisted out of their adherent deep tissues. 
Attempts to work completely round such projections by routines or 
elevators are fraught with grave risk of opening into the mouth cavity. 
The ends of the fragments are trimmed with bone-cutting forceps. The 
posterior fragment, when unfixed by a splint, is steadied by means of a 
large pair of K ocher forceps clamped on it near the angle. The fragment 
is freed and placed in good position as already described. A saw cut is 
made on its outer surface about 2*5 cms. from its extremity and parallel 
to its cut end. This saw cut is usually made with a key-hole or nasal saw, 
but an electrically-driven circular saw of small dimensions (the crown 
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saw used by dentists) facilitates the work. The saw cut goes through 
the outer table only. The outer surface of bone between the freshened 
extremity and this saw cut is removed by driving a thin osteotome 
backwards from the cut extremity. Two holes are drilled through the 
remaining inner table, one above the other, at a distance of about 
10 cm. Fine silver, stainless steel or phosphor-bronze wire is threaded 
through these holes, the loop being left on the deep surface of the bone 
and the ends coming out on the freshened surface. These ends are 
clamped and wrapped in gauze to prevent contact with skin edges. 

The anterior fragment is prepared in precisely similar manner. 

Difficulty may be encountered in threading back the wire suture 
from the deep to the superficial aspect of the bone. A tubular guide 
may be used for this purpose, or a needle, passed eye first from without 
inwards, may be threaded with the wire, which is then easily drawn 
through. A model is now made in sheet lead of the graft which will be 
required to bridge the gap and overlap the freshened surfaces of the 
fragments, and on this are marked the positions of the points of egress 
of the wire suture. Blood-vessels are ligatured and the wound is 
packed with a gauze swab. 

Taking the Graft. 

The graft is taken from the crest and outer surface of the ilium on 
the side of the defect, and the illustration (fig. 2056) indicates the 
piece of bone to be removed. The necessary cuts are usually made with 
thin osteotomes, though they may be made still more readily by means 
of a motor-driven circular saw. The removal of this portion of the 
ilium causes no disability or disfigurement and it interferes very little 
indeed with muscular attachments. The anterior superior spine is left 
undisturbed. Periosteum is taken with the bone. The knife is passed 
under the ligamentous layer on the crest and this is turned inwards as 
a flap. The glutei muscles are separated from the outer surface of the 
bone and retracted. As a rule, only one small vessel requires ligature. 

The lead pattern is laid on the outer surface of the bone and its 
anterior, posterior, and inferior margins are outlined by cuts with a 
sharp osteotome. These are carried half-way through the thickness of 
the bone. The osteotome is then driven downwards from the mid-line 
of the crest, and the separation of the graft is thus completed. The 
separated piece of bone, grasped in Lane’s bone-holding forceps, is 
wrapped in a warm sterile towel and transferred to a separate table for 
later modelling. The wound is closed in two layers — the first of catgut 
sutures approximating the cut gluteal fascia to the fascial flap turned 
up from the crest. It has been found that the extended position of the 
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bip gives greatest relaxation for this to be carried out, but occasionally 
it is necessary to vary the position of the leg during the suturing pro- 
cess. The second layer consists of shin suture of ordinary type. A 
rubber-dam drain is inserted at the posterior angle of the wound for 
forty-eight hours. The graft is trimmer! of any pieces of muscle which 
remain attached to its outer surface, and is then cut and drilled in corres- 
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pondence with the fragments to which it is to be morticed. The neces- 
sary transverse cuts are made with a small saw and the cancellous bone 
is removed either by the same instrument or by bone-cutting forceps. 
The whole procedure can be done in a few minutes. The graft is held 
by the Lane forceps throughout and is protected carefully from contact 
with the skin whilst it is being placed in position in the mandibular 
wound. 

This technique has been varied a little from time to time by drilling 
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the graft before removing it from the ilium, but no serious advantage 
is gained by this manoeuvre and there is some danger of carrying the 
drill too deeply in one’s effort to make a clean hole. 

The graft is threaded on the ends of the wires, guided into position, 
and held there while the wire loops are tightened by twisting. The 
twisted ends are cut short and gently pressed into the outer surface of 
the graft. The deep tissue flaps are approximated over the graft by 
catgut sutures and the skin wound is closed by interrupted stitches 
of fine silkworm-gut, a small drain being inserted to guard against a 
blood collection which in this situation is so liable to become infected. 

In cases where the angle is missing and a reasonable fragment of 
ascending ramus can be found and freshened, an angled graft has 
sometimes been cut as indicated in figure 2056. In cases where exten- 
sive portions of hone are missing from the front of the jaw, the graft 
may be curved to suit the chin contour by making saw cuts on its 
cancellous surface, similar to those made by Albee in his spine grafts, 
or by the excision of wedges from this surface. Multiple small wedges 
weaken the graft much less than fewer but more extensive ones. 

I have employed a curved graft of this type 12 cms. long {i.e. about 
44 inches) to bridge a gap extending from molar to molar region. In 
this case the soft tissues of the chin region had been reconstructed 
by a double pedicled forehead flap brought into position over marginal 
in-turned flaps which had restored the lining of the defect (see fig. 2065). 
At a later date the hair-bearing in-turned flap was removed and a new' 
gingival sulcus was prepared by Thiersch grafting on a mould placed 
in front of the bone graft. This allowed a lower denture to be fitted 
which not only improved the contour of the chin but restored 
masticatory function. 

T. J. D. Lane of Dublin has devised an instrument which greatly 
facilitates the preparation of such long curved grafts. It consists of 
two springy pieces of steel, between which the bone graft is placed, and 
which can he clamped together. Along the edge of one of these are a 
number of little raised ridges which prevent the graft from slipping. 
Before bending, cross-cuts, as already described, are made on the cancel- 
lous surface of the graft. By slowly increasing pressure made with the 
fingers, the graft can usually be curved or bent to the degree necessary 
without causing a break. If much bending or angulation is required, 
and more particularly in older patients, a break may and often does 
occur even when this instrument is employed. Such breaks can, 
however, be only subperiosteal in character and do not affect the final 
consolidation of the graft. 
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A flcr-Trcatmenl. 

Drains are removed from hip and jaw wounds in forty-eight hours. 
Skin sutures are removed, some on the fifth and the remainder on the 
seventh day. Apart from ordinary oral hygiene no further after- 
treatment is required. "Where intra-oral splinting has been impracti- 
cable every effort is made, by external bandaging, to prevent movements 
of the jaw. In six to eight weeks union is usually sound, and free 
active movements may he allowed. X-ray examination at intervals 
after the operation helps in estimating the progress of bony union and 



the maintenance of good position, but clinical examination is the more 
certain criterion in deciding when splints may be discarded. 

In most cases of mandibular bone graft a subsequent buccal 
inlay ” is required to reconstruct the gingival sulcus and so make it 
possible for the dentist to fit a denture. It is wise to wait for at least 
six months after the bone graft operation before carrying out this 
procedure in order to avoid risk of infection at the sites of wiring. 
Only in exceptional cases has it been necessary to remove the wire 
sutures at a later date. 

Fitrnie 2057 illustrates the result obtained in a case of old osteo* 
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myelitis with pathological fracture and non-union on the left side of 
the mandible. Figure 2058 is a skiagram showing the graft in position 
in a case in which extensive loss of hone followed a pit explosion injury. 



Fig 2058 — Left skiagram shows loss of boss on bight btde of mandible rou.owi\o pit 
EXFLOSIOV INI0RI. Right skiagram shows result obtained b\ illac DONE CRAFT. 


C. FASCIA LATA GRAFTS 

In the absence of infection, fascia lata behaves excellently as a free 
graft. It may be used, as material having a rather firmer consistency 
than fat, for contour building, or it may be taken together with over- 
lying fat for this purpose. It is used occasionally for supporting the 
upper eyelid, as in operations for ptosis. I, personally, reserve it almost 
entirely for facial paralysis cases. In such cases, even though there 
may still be some hope that recovery of nerve function may occur, a 
fascia lata sling to the angle of the mouth is well worth while. It 
supports the paralysed muscles and prevents damage to them by 
stretching during the recovery stage, and is infinitely to be preferred to 
awy apAraAvag. 

When paralysis is established — the face drooping and lacking any 
natural movement or expression, food accumulating in the lower buccal 
sulcus, and the unparalysed muscles of the opposite side drawing the 
mouth over in disfiguring fashion whenever movement is attempted — 
fascia lata slings to the upper lip, the lower lip, and the angle of the 
mouth give both cosmetic and functional improvement. 

Figure 2059 indicates clearly the technique employed. Short 
incisions are made on the unparalysed side of the philtrum in the upper 
lip and parallel with the lip margin at a corresponding point in the lower 
lip. A small curved incision is made just outside the angle of the 
mouth on the paralysed side. The edges of these incisions are under- 
mined for a short distance in order to expose the underlying muscle- 
fibres. 
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A special trocar needle (Blair-Smith) is inserted at B and passed in 
the deep tissues of the upper lip to emerge at A. A fascia lata strip is 
drawn back to B and its end is held in pressure forceps. The needle is 
again inserted at B and passed more superficially and nearer to the lip 
margin, to emerge again at A. The other end of the fascia strip is now 
drawn back to B, ready for use on the lower lip. It is essential that the 
fascia loop so formed should have a firm hold of the unparalysed muscle 
exposed in the lip incision A. 

The needle is now passed from B in a superficial plane and near to 
the lower lip margin, and emerges at C. It draws back to B a loop of 
silkworm-gut. This loop is knotted over the free end of the fascia strip 
and serves to draw it through to C. The needle is again passed, this 
time on a deeper plane and picking up unparalysed muscle before 
emerging from the. lip incision. The end of the fascia strip is drawn 
back to B. A strand of silkworm-gut is passed under the fascia loop at 
B to act as a guide later in the operation. The free ends of the strip 
are knotted and drawn taut enough to contract slightly the paralysed 
half of the mouth. The knot is reinforced by fine silk sutures which 
should pick up only a few fibres of the strand. The incisions in thfe 
lips are then closed by fine sutures. 

An incision is now made precisely as for cosmetic face-lifting in the 
temporal and pre-auricular regions, and the skin of the cheek is under- 
mined superficially sufficiently to expose an area of the parotid fascia 
below the zygoma. The trocar needle is passed subcutaneously from 
the depths of this wound to emerge in the incision at the angle of the 
mouth where, following the silkworm-gut guide, it passes through the 
double loop of fascia controlling the lips. One end of a new strip of 
fascia, is. caught up in the needte and drawn back to the temporal region. 
The needle is passed a short distance from its previous track in the 
cheek and emerges again at B to draw back the other end of the cheek 
loop. This loop may with advantage be made to pick up in its course 
deep tissues near the angle of the mouth. The wound at B is then 
sutured. 

The free ends of the cheek loop are now threaded on J. T. D. Lane’s 
fascia needles and woven into the parotid fascia. They are drawn 
sufficiently tight to over-correct the position of the angle of the mouth 
and are then knotted. The knot is reinforced by one or two fine silk 
sutures. The skin flap is drawn upwards and backwards and the over- 
lap is removed (see fig. 2114). Interrupted sutures close this wound. 

As a rule, it is necessary to carry the skin incision around the ear 
lobule attachment and backwards in the retro-auricular groove for a 
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lias been carried out in conjunction with that described for the support 
of the mouth and cheek. 

It has not been thought necessary to describe the technique 
employed in obtaining fascia strips from the thigh. An endless variety 
of fascia “ strippers ” is available. I habitually use that devised by 
Lane of Dublin — the Meath Hospital fasciatome. 

D. CARTILAGE GRAFTS 

Cartilage has proved a most useful material for contour restoration, 
particularly in the nose where support rather than the mere filling in of 
a contour defect is required. It may be obtained in ample quantity from 
the region of the costal margin, and it can be readily cut to any desired 
size and shape. Cartilage is one of the few body materials which can 
be transplanted successfully from one individual to another. It need 
hardly be mentioned that no such transfer should be attempted without 
careful preliminary blood tests, lest latent disease be transferred from 
donor to recipient. 

No detailed description need be given of the operation for removal 
of the cartilage. That portion of the 7th right costal cartilage ascending 
to the sternum is the material usually removed, and it is approached 
through a rectus-splitting incision (see fig. 2084). The free extremity 
of the 8th costal cartilage is almost always exposed in the wound, and a 
varying length of this is commonly removed to be kept ns spare material. 
An oblique incision following the costal margin provides a more difficult 
approach but gives a less obvious scar line, and is sometimes chosen for 
this reason or when only a small piece of cartilage is required. 

When larger masses of cartilage are required, the area of fusion of 
cartilages is readily exposed. When removing such larger pieces in this 
region care must be taken to prevent damage to the underlying pleura. 
At the end of the operation all spare cartilage likely to he of further 
use in case of infection and extrusion of the first graft, or in case 
further building up is required later on, is buried subcutaneously in the 
abdominal wall. From this situation it is readily removed under local 
amesthesia and with a minimum of disturbance to the patient. 

After removal of cartilage from the ribs the patient experiences 
considerable discomfort, particularly on moving, for 24-48 hours. 
Much can be done to minimise this by careful strapping of the wound 
with elastic adhesive strapping, much in the same way as fractured 
ribs are immobilised. As already mentioned, rib cartilage finds its 
chief field of usefulness in. building forward and supporting the 
depressed bridge of the nose. It is employed for the same purpose in 
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reconstructive rhinoplasty to support tile soft parts which have been 
restored by forehead flap or other means. Cartilage has one bad fault, 
namely, its tendency to curve, and this has led many workers to abandon 
it in favour of bone. Much can be done to prevent this late distortion 
by carefully removing perichondrium, and in some cases, when a two- 
stage operation is essential, the cartilage may be taken before it is 
required, denuded of perichondrium, and buried in the abdominal wall. 
"When required, any curving which has occurred is corrected in the 
shaping of the graft. 

The larger masses of cartilage mentioned are found useful in 
building up malar contour where there has been loss of bone, and for 
filling depressions in the forehead or defects in the skull. When only 
small contour defects are to he treated, sufficient cartilage for the pur 
pose may be obtained either from the upper part of the alar cartilages 
of the nose, the removal usually improving the shape of the nose tip, 
or from the ear. Cartilage from this latter source is particularly 
suitable for supporting the drooping lower eyelid in facial paralysis. 

The technique of the nasal cartilage graft operation is described 
later (see fig. 2084). 



CHAPTER IV 
Flaps 

Advancement or Sliding Flaps 

Although not usually visualised as such, the areas of skin which are 
undermined from the margins of a defect and advanced and approxi- 
mated to cover it, constitute flaps which fall into this category. All 
reasonably small defects, such as those produced by the excision of 
hairy or pigmented moles, are closed in this manner. The skin incisions 
extend beyond the mole in elliptical form in order to facilitate closure 
without protrusion or dimpling at the extremities of the suture line. 
The procedure may be modified to meet the requirements of more 
extensive skin blemishes. Only a part of the und^sired area is removed 
at the first stage; the wound margins are undermined and 
approximated, and a sear line is left within the confines of the area 
itself. After a delay of some months, during which the surrounding 
skin is massaged, the remainder of the area is excised in elliptical 
fashion, and it is usually found that the undermined skin edges can 
then be approximated without undue tension. In some situations the 
complete excision of quite large skin areas can be achieved in several 
stages of this kind with the obvious advantage of leaving a single 
linear scar line. The excisions are carefully planned so that the final 
scar may be as far as possible in a natural skin fold. 

"Where the skin available is limited, as on the leg, yet it is essentia! 
that a skin defect shall be covered by healthy full-thickness skin bearing 
some fat, lateral relaxa tion incisions mar be made. These allow of easy 
approximation of the sliding flaps without tension. The gaps produced 
at the sites of the relaxation incisions may be covered immediately by 
Thiersch graft or left to epithelialise spontaneously. 

Rotation Flaps 

These were first described and extensively employed by Esser. A 
large area of skin adjoining a defect is partly or completely under- 
mined. Carefully planned incisions allow this flap, while retaining a 
broad base, to rotate into position over the defect. Closure of *1 
incision by interrupted sutures allows of even dishribi ‘ ■ of tensioi 
Figure 2061 illustrates a case in which the skin of the < " 
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clockwise to fill a triangular defect in the infra-orbital region produced 
by the excision of a very disfiguring ntevus, It will be seen that the 
secondary scarring necessarily produced has been arranged to fall in 
situations where it is barely visible. 

Transposed Flaps 

Into this category fall those flaps, deliberately formed from the 
adjacent skin, whose long axis is made in a direction roughly at right 
angles to the long axis of a defect. Many such flaps nre employed for 
the immediate closure of defects about the mouth and check. 

Figure 20G2 illustrates a case in which such a flap was cut from the 
skin immediately below the mandibular margin and swung up to cover 
the raw surface produced by the excision of an epitheliomatous area 
which had developed in an old variously-treated patch of lupus. 

Figure 2063 illustrates a case in which a nasal defect, produced by 
the excision of a rodent ulcer which had resisted treatment by radium, 
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was repaired by a long narrow flap from the nnso-labial cheek fold. 
The base of the flap was above, and its distal portion was folded 
upwards to provide lining for the defect. 

Triangular flaps of this type are commonly shifted from above to 
below the angle of the mouth. When obtained from the naso-labial 
fold region, the resulting scar is seldom noticeable. 

Flaps from the same region may be cut of full thickness, carrying 
skin, muscle and mucosa, and these supply particularly valuable 
reconstructive material (fig. 2064). 
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Bridge or Pedicled Flaps 

The most commonly used flap of this type is that cut from the fore- 
head in nasal reconstruction by the so-called Indian method (see 
fig. 2072). Such a flap has a pedicle which overlaps the skin between 
donor and recipient areas and which is retained only so long as it is 
necessary to maintain the nutrition of the flap while it is establishing 
its own connections with the recipient area. In some situations, in 
order to diminish exposed raw surface, the pedicle may be tubed, i.e., its 
margins may be approximated by sutures. The pedicle of such a flap 
may be safely divided and returned in 2-3 weeks according to the 
vascularity of the area to which the flap is attached and according to 
the extent of this attachment. 

A forehead flap may have its pedicle based on the superficial tem- 
poral vessels of one side, or the whole of the sldn of the forehead may 
be swung down like a bucket handle on two pedicles of this type. The 
former is useful when the nose and part of the cheek have to be recon- 
structed, the latter is particularly useful for reconstruction of the chin 
and lower lip regions. 

The diagrams in figure 2065 were drawn from an actual case in 
which the chin region was built up by this means. At a later stage of 
treatment a curved bone graft, introduced between lining and covering 
skin, restored the continuity of the mandible, while still later the hairy 
in-turned skin was removed and replaced by Thiersch graft. At the 
same operation a new gingival sulcus was constructed in front of the 
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ingenious and most satisfactory means of transporting skin from a 
distance. Designing flaps of precisely similar type, independently and 
in the same year, he immediately found many new applications for the 
principle involved and rapidly extended their field of usefulness in all 
branches of reconstructive work. 

By means of such flaps large areas of skin may be transported with 
safety from the chest or abdominal wall to situations as far distant as 



the sole of the foot or the top of the head. An intermediate attachment 
to the wrist is the most suitable method of transfer (where direct 
transfer is impossible), but in selected cases the flap may be moved in 
several stages in “ caterpillar ” fashion. 

The details of preparation and transfer are well illustrated in figure 
2066, while figures 2067 and 2063 illustrate typical results obtained by 
direct transfer of tubed pedicle flaps from chest to face. 

It is unwise to prepare a tubed pedicled flap materially longer than 
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G inches or narrower than 2b inches. Greater length may be obtained 
by extending the flap after a short delay. The defect produced by 
removal of such an area of skin can be closed by approximation after 
undermining of wound edgefe. 

It is wise to drain both the abdominal (or chest) wound and the 
tube itself for forty-eight hours. 

If a wider flap is required, the abdominal or chest wound is covered 
immediately by Thiersch grafts, and in this way one of the greatest 



Fty. 2063 — A ttbed pedicle rur prepared ox the chest will aid transferred in stages to 

FILL THE DEFECT FRODCCED BY THE EICISIOX OF AN ANGEIOMA OF THE CHEEK WHICH HAD RESISTED 
PROLONGED TREATMENT BT OTHER MEANS. 


advantages of the flap is maintained, namely, the leaving of no raw 
surface for painful dressing or for infection. 

It should be stressed that the skin tube itself is the flap ; it is not 
the pedicle on which a flap of skin extending beyond one or other 
attached end is to be transferred. Any attempt to carry sldn in the 
latter manner is fraught with extreme risk of necrosis unless the area 
of sldn beyond the tube is first delayed in the manner already described. 

Special applications of the tubed pedicle flap for nose reconstruction 
are illustrated in figures 2076 and 2077. 




CHAPTER V 


Types of Repaik 

Some general remarks on this subject would appear to be not out of 
place at this point. 

In planning reconstructive work about the nose and mouth, more 
particularly at the time of a destructive operation called for by the 
presence of a malignant growth, a careful decision must he made as to 
the advisability of carrying out primary or secondary repair. The 
dangers of the former may be briefly tabulated as follows : 

(1) The destructive operation is likely to be carried out in less 
radical and satisfactory manner if closure of the defect he is 
producing is constantly in the thoughts of the operator. 

(2) The shifting of local flaps to fill in the defect opens up new 
tissue to infection from the cavity involved, and is likely to 
increase the danger of spread of malignant disease. 

(3) The available skin bordering on the defect is frequently 
unsuitable plastic material. It may be scarred or may have 
been partly devitalised by X-ray or radium treatment of tlve 
malignant growth or other disease. 

(4) Except when the defect produced is small, local flaps are seldom 
sufficient to make a really complete replacement of removed 
parts, and the reconstruction is likely to be a disappointing one 
from the cosmetic point of view. 

(5) It is seldom possible to be certain of the complete removal of a 

malignant growth. Primary repair gives no opportunity of 
judging this and may 1 'ttne extremely complicated by re- 
currences which, being 1* • ecdingly difficult to treat. 
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The advantages of secondary repair may be similarly tabulated : 

(1) The destructive operation may be carried out in really radical 
manner, the surgeon being unhampered by thoughts of the 
reparative procedure. 

(2) Sound healing of the borders of the defect gives a greater field 
of plastic material, and leaves marginal skin flaps available 
for turning in to reconstruct the lining of the defect. 

(3) A period of observation for local recurrences is given. Such are 
unhidden and may receive appropriate treatment immediately. 

(4) Time is given to plan deliberately and carefully a replacement 
by ample healthy material brought from a distance where any 
secondary deformity is of no moment or is completely hidden. 

Secondary repair, however, usually necessitates a series of opera- 
tions extending over a considerable period of time. In spite of this 
disadvantage my inclination is always towards this type of repair, for 
I have encountered no more distressing cases than those in which 
patients have been called upon to submit to a second destructive 
operation. Final repair in such circumstances becomes a very 
complicated procedure. 

In all such cases as those under discussion it would seem best to 
arrange for close collaboration between the general surgeon and the 
plastic surgeon. The latter will encourage the former to be radical in 
his removal and will guide him in how to treat the margins of the 
defect so as to facilitate repair at a later date. In many cases he will 
be able to carry out the first stage of the reconstructive procedure by 
preparing a tubed pedicle flap on the chest or abdominal wall at the 
same operation. 

Because of my firm opinions on this subject I do not propose to 
include descriptions of primary reparative procedures. Countless skin 
and full-thickness flaps falling into the various categories already 
mentioned have been designed, and excellent descriptions of these 
will be found in Les Autoplasties, published in 1907 by Nelaton and 
Ombredanne. 



CHAPTER V 


Types of Repair 

Some general remarks on this subject would appear to be not out of 
place at this point. 

In planning reconstructive work about the nose and mouth, more 
particularly at the time of a destructive operation called for by the 
presence of a malignant growth, a careful decision must he made as to 
the advisability of carrying out primary or secondary repair. The 
dangers of the former may be briefly tabulated as follows : 

(1) The destructive operation is likely to he carried out in less 
radical and satisfactory manner if closure of the defect he is 
producing is constantly in the thoughts of the operator. 

(2) The shifting of local flaps to fill in the defect opens up new 
tissue to infection from the cavity involved, and is likely to 
increase the danger of spread of malignant disease. 

(3) The available skin bordering on the defect is frequently 
unsuitable plastic material. It may be scarred or may have 
been partly devitalised by X-ray or radium treatment of the 
malignant growth or other disease. 

(4) Except when the defect produced is small, local flaps are seldom 
sufficient to make a really complete replacement of removed 
parts, and the reconstruction is likely to be a disappointing one 
from the cosmetic point of view. 

(5) It is seldom possible to he certain of the complete removal of a 
malignant growth. Primary repair gives no opportunity of 
judging this and may become extremely complicated by re- 
currences which, being hidden, are exceedingly difficult to treat. 

Primary repair may be of great importance, however, from the 
psychological point of view, and the physical strain placed on a 
patient who, for instance, must go about for weeks dribbling saliva 
from a large opening into the mouth, should receive due consideration. 
In this connection it may be mentioned that a little ingenuity expended 
on the dressing of such cases may add materially to the patient’s 
comfort. 
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The advantages of secondary repair may be similarly tabulated : 

(1) The destructive operation may be carried out in really radical 
manner, the surgeon being unhampered by thoughts of the 
reparative procedure. 

(2) Sound healing of the borders of the defect gives a greater field 
of plastic material, and leaves marginal skin flaps available 
for turning in to reconstruct the lining of the defect. 

(3) A period of observation for local recurrences is given. Such are 
unhidden and may receive appropriate treatment immediately. 

(4) Time is given to plan deliberately and carefully a replacement 
by ample healthy material brought from a distance where any 
secondary deformity is of no moment or is completely hidden. 

Secondary repair, however, usually necessitates a series of opera- 
tions extending over a considerable period of time. In spite of this 
disadvantage my inclination is always towards this t}^pe of repair, for 
I have encountered no more distressing cases than those in which 
patients have been called upon to submit to a second destructive 
operation. Final repair in such circumstances becomes a very 
complicated procedure. 

In all such cases as those under discussion it would seem best to 
arrange for close collaboration between the general surgeon and the 
plastic surgeon. The latter will encourage the former to be radical in 
his removal and will guide him in how to treat the margins of the 
defect so as to facilitate repair at a later date. In many cases he will 
be able to carry out the first stage of the reconstructive procedure by 
preparing a tubed pedicle flap on the chest or abdominal wall at the 
same operation. 

Because of my firm opinions on tliis subject I do not propose to 
include descriptions of primary reparative procedures. Countless skin 
and full-thickness flaps falling into the various categories already 
mentioned have been designed, and excellent descriptions of these 
will be found in Les Autoplasties, published in 1907 by Nelaton and 
Ombredanne. 



CHAPTER VI 
Operations on the Nose 
a. reconstructive rhinoplasty 

The whole history of plastic surgery is intimately linked up with this 
subject. It would serve no useful purpose, however, to discuss the 
endless variety of methods which have been advocated or practised 
and I shall describe only the routine procedure which I employ. This 
is based on the so-called Indian method, to the development of which 
Keegan and Smith contributed so much of the pioneer work." It will 
be readily seen that this can be modified to meet the requirements of 
almost any defect in this region. It is quite true that very satisfactory 
prosthetic appliances, fashioned in metal or pliable material, can be 
made to hide defects in the external nose. These may be attached to 
spectacle frames or fixed by glue so that the line of junction between 
artificial and real is barely noticeable. They are, however, expensive 
in first cost and require renewal or renovation at frequent intervals, 
while for the ordinar}' working man who must submit them to the 
effects of dirt and weather they are, in my opinion, impracticable. 
Even at their best they cannot supply that sense of security which is 
given by a nose reconstructed in “ flesh and blood,” a feature which, 
even if not perfect in every detail, becomes essentially a part of its 
possessor. When it is realised that a few weeks’ hospital treatment 
can transform a hideous creature, shunned by everyone, hiding his dis- 
figurement by bandage or ill-fitting artificial piece, into a normal- 
looking individual, eliciting, at the most, interested observation ; and 
when it is realised that a little further operative work, carried out some 
two to three months later, can add to the nose shapeliness and 
character and obliterate those minor defects in restoration which 
elicited even such observation, it must be conceded that there is every 
reason for preferring reconstruction to the camouflage of the artificial 
piece. 

The chief essential, still sometimes overlooked, in nose reconstruc- 
tion is the supply of adequate lining material. In post-War cases this 
could usually be obtained in sufficient quantity by turning in flaps 
based on the margins of the defect; but in the majority' of cases 
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encountered in civil practice, the skin in the neighbourhood of the 
defect is fibrosed or atrophic as the result either of the original disease 
(e.g., lupus or rodent ulcer) or of its treatment. Even should such 
material survive, it is liable to undergo considerable shrinkage, either 
because of its initial poverty of nutrition or on account of its necessary 
rotation through almost 180 degrees. 

For many years now it has been my practice to rely more and more 
on the forehead flap for the provision of both covering and lining. 
This plan is by no means a new one, for it was described by Gandolfi 
and Bertani in 1845 and was rediscovered thirteen years later (1858) by 
Petrali, who relates how he came upon it by chance whilst idly folding 
a mulberry leaf in his fingers. As the result of attempts to estimate 
beforehand, by means of patterns and models, the quantity of skin 
required to supply sufficient lining material and at the same time 
provide something adequate for the columella and “ septum,” I have 
come to in-fold the flap to a greater extent than is usual. The shape and 
size of flap required in any particular case can be planned beforehand 
by patterns cut in chamois leather or in thin sheet lead. The former 
material simulates closely the skin, while the latter has the advantage 
of retaining the form into which it is moulded. Either can be boiled 
and used during the actual operation. 

. It may be noted here that a certain amount of hair on the in-turned 
portion of the flap is not seriously troublesome ; this allows one to 
carry the forehead incision outlining the flap to a reasonable extent 
into the downy skin of the anterior temporal region. 

Preparation of Defect. 

The nose stump is prepared (fig. 2069) by incisions placed near 
the margin of the defect in such a manner as to leave a narrow frill of 
skin on the inner (lining) side to hold the sutures which will unite it 
later to the in-turned edges of the forehead flap. These incisions are 
carried down the lateral margins of the defect to points on the upper 
lip chosen for the basal attachments of the new alee. The skin of the 
cheek is undermined slightly to facilitate later suture to the flap. The 
anterior border of the septal remains is incised, and the mucosa is 
reflected for a short distance on each side. This septal incision is 
carried down on to the lip where an area is prepared, by removal of a 
small piece of skin or scar, for the attachment of the columella. Any 
scarred skin covering the upper part of the nose remains is dissected off 
and discarded. 

When no septal partition is present it is an advantage to retain and 
turn down a narrow flap from above, and to suture its distal border to a 
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small flap turned upwards from the centre of the lip (fig. 2070). This 
flap is in no way comparable to the hooded lining flap frequently 
employed in post-War injuries. It does not form any material part of 
the lining of the new nose, but makes a useful backing for the new 
" septum ” and gives something reasonably fixed to which may be 
sewn the central part of the in-turned portion of the forehead flap. 

The aim of this preparation of the nose defect is, in all cases, to 



liOTH> rROil THI CPFEJl TART or THSSOSS IS SOT INDICATED. JtB FECICLK -l»r SBOWX OX rORtHKAD. 

produce two separate airways bounded by material capable of holding 
sutures. These apertures lie in the coronal plane or slope forwards 
from that plane above, according to the greater or less degree of nose 
destruction. When they lie flush with the rest of the face, the recon- 
struction calls for the maximum of in-turning of the flap, while this 
requirement diminishes in proportion as their slope forwards is more 
marked. When the margins of the nose defect are unhealthy, e.g., the site 
of ulceration or keratosis, all diseased material is excised and the remain- 
ing cd*»es are split fora short distance to separate their lining and covering 
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constituents. It will thus be seen, that a reconstruction operation may 
follow immediately upon a destructive one, for a healthy-margined 
defect may be produced by wide removal of such lesions as rodent 
ulcer. It is the part of wisdom, however, in such cases to separate 
these operative procedures, sewing mucous membrane to skin around 
the defect at the close of the destructive procedure and waiting for a 



TREFAR&TIOS OT THIS TTTE OT DETECT IS SHOW>, AXD 4150 THE IARJ.T SHOE OT ELEVATION 
OF THE FOREHEAD HAP. 

reasonable period, the length of which will depend on the histological 
examination of the part removed, to ensure absence of recurrence. 
Figure 2071 is a drawing of a defect which has been treated in this way, 
and indicates the manner in which it is prepared for reception of a 
forehead flap. 

liaising of Forehead Flap. 

"When the preparation of the defect is completed, a pattern of the 
requisite forehead flap is made, or one previously prepared is tried in 
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position and given any final trimming winch proves necessary. The 
pattern is opened out and placed in such a position on the forehead 
as will permit of the fashioning of a pedicle which will allow it to reach 
its destination without undue tension (see figs. 2070 and 2071). 

The sickle-shaped pedicle (so-called “ up and down ”), first sug- 
gested by Gillies, gives the best provision for this requirement, but 
occasionally a horizontally-disposed pedicle and flap must be employed 
in order to avoid hair-bearing skin on the new nose. Careful orientation 
of flap and pedicle is of paramount importance ; it is distressing in the 
extreme to find that a pedicle has been cut which will not allow the 
flap to reach its destination. A trial should always be made with a 
piece of ribbon gauze or tape held along the line of the proposed 
incisions and brought down to the more distant points on the nose 
defect. Once the positions for the flap and pedicle have been accurately 
estimated (they may be marked out, if desired, by pen and ink), out- 
lining incisions are made and the raising of the flap is proceeded with. 
The edges of the flap are handled with care, fine hooks being employed 
in preference to dissecting forceps. The distal portion which is to ba 
i in-turned is cut reasonably thin, superficial to the frontalis muscle, but 
f once this portion is passed the separation is deepened to the plane of 
J areolar tissue immediately superficial to the pericranium. The pedicle 
may be raised by blunt dissection with scissors or gauze, but care should 
be taken to avoid trauma to its vessels on the one hand, and exposure 
of bone on the other. 

Hrcmorrhage, which is liable to be free, is best controlled by pressure 
l exerted by an assistant on the eyebrow margin and over the superficial 
I temporal vessels. No form of tourniquet or scalp-forceps has proved 
satisfactory. 

"When the flap and pedicle have been freed, marginal bleeding vessels 
kwj bath dap and scalp are picked up ia artery /creeps and tied. Iced 
isaline compresses help to arrest oozing from the scalp defect, but 
must not be used on the flap, which is temporarily covered by gauze 
wrung out of warm saline. The flap illustrated is a fairly typical one 
for a case in which the nose loss is extensive. It will be noted that 
it has neither indentations nor narrow prolongations, and therefore 
possesses as perfect a blood supply as possible to all parts. The older 
method of making a small prolongation for the columellar region fre- 
quently led to loss of this most important part of the reconstruction, a 
calamity which ruined an otherwise excellent new nose. The pedicle 
I must be kept wide, seldom narrower than the widest part of the flap. 

In cases where the viability of tissues is low, as in old people, the 
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forehead flap may be “ delayed,” that is, it may be outlined by incisions 
but not raised at the first operation. In other cases it may be deemed 
advisable to raise the flap and pedicle, or some portion of them, and 
return them to the forehead for a short period before submitting the 
pedicle to the rotation necessary to bring the flap to the nose defect. 
Such intermediate stages, and indeed the whole reconstruction, can 
be carried out under localjinsesthesia. This materially diminishes 
haemorrhage but introduces the possibility of producing t hrom bosis of 
the main vessels of the pedicle. It may not be out of place to mention 
at this point that venous and possibly also Iymphatic_drainage of a flap 
is of equal importance to arterial blood supply. Indeed, in most cases 
of gangrene of a flap the cause may be traced to deficient venous 
drainage leading to congestion and thrombosis. A white flap is 
in finite ly t_q_be preferred to a blue_one. 

The distal margin of the forehead flap is now accurately sutured 
to the lining margins of the airways, a g uide su ture being first placed 
between its mid-point and the proposed lip columella junction. Sutur- 
ing is continuedjaterally from this central point until the alar bases are 
reached, when it is continued upwards between the cheek skin edges 
and the lateral margins of the covering portion of the flap. On the 
inside of the new nose, cat gut su tures, either interrupted or continuous, 
are employed ; on the outside, interruptedjilkwormrgut sutures are used. 

As the suturing progresses, so the tip portion of the nose takes 
shape, and it is always particularly gratifying to note the way in which 
the tip of the nose gradually acquires very natural protrusion and the 
new nostril margins take on a rolled appearance (fig. 2072). Matt ress 
sutures may be passed between lining and covering to acc entuate 
supra -alar h ollowi ng, while a similar suture passed a crossjfc h bridge 
line may be employed to maintain prominence in this region and pre- 
vent hsematoma formation. Such sutures introduce some risk of inter- 
fering with blood supply to the more distal parts of the flap. They are 
frequently left unt ied at the operation, to be tightened _snugly_forty- 
eight hou rs or so later If the condition of the flap warrants it. 

Gen tle pa cking of the new nostrils helps to prevent accumulation 
of blood between lining and covering, and so preserves their shape. 
Rubber^tubes may be introduced for this purpose but are more liable 
to cause pressure necrosis. The raw surface on the forehead may be 
covered immediately by a Thiersch graft or may be dressed with tulle 
gras or ambrine. Care must be taken that the bandage holding the { 
dressings in this region causes no pressure on the edge of the pedicle. > 

• Externa^. sutures are removed from the nose in about five_days. 
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position and given any final trimming which proves necessary. The 
pattern is opened out and placed in such a position on the forehead 
as will permit of the fashioning of a pedicle which will allow it to reach 
its destination without undue tension (see figs. 2070 and 2071). 

The sickle-shaped pedicle (so-called “ up and down ”), first sug- 
gested by Gillies, gives the best provision for this requirement, but 
occasionally a horizontally-disposed pedicle and flap must be employed 
in order to avoid hair-bearing skin on the new nose. Careful orientation 
of flap and pedicle is of paramount importance ; it is distressing in the 
extreme to find that a pedicle lias been cut which will not allow the 
flap to reach its destination. A trial should always be made with a 
piece of ribbon gauze or tape held along the line of the proposed 
incisions and brought down to the more distant points on the nose 
defect. Once the positions for the flap and pedicle have been accurately 
estimated (they may be marked out, if desired, by pen and ink), out- 
lining incisions are made and the raising of the flap is proceeded with. 
The edges of the flap arc handled with care, fine hooks being employed 
in preference to dissecting forceps. The distal portion which is to be 
i in-turned is cut reasonably thin, superficial to the frontalis muscle, but 
| once this portion is passed the separation is deepened to the plane of 
j areolar tissue immediately superficial to the pericranium. The pedicle 
may be raised by blunt dissection with scissors or gauze, but care should 
bo taken to avoid trauma to its vessels on the one hand, and exposure 
' of bone on the other. 

Haemorrhage, which is liable to be free, is best controlled by pressure 
| exerted by an assistant on the eyebrow margin and over the superficial 
temporal vessels. No form of tourniquet or scalp-forceps has proved 
satisfactory. 

"When the flap and pedicle have been freed, marginal bleeding vessels 
ten hath Sap sad scalp arc peeked up in artery forceps and tied. Iced 
Jsaline compresses help to arrest oozing from the scalp defect, but 
must not be used on the flap, which is temporarily covered by gauze 
wrung out of warm saline. The flap illustrated is a fairly typical one 
for a case in which the nose loss is extensive. It will be noted that 
it has neither indentations nor narrow prolongations, and therefore 
possesses as perfect a blood supply as possible to all parts. The older 
method of making a small prolongation for the columellar region fre- 
quently led to loss of this most important part of the reconstruction, a 
calamity which ruined an otherwise excellent new nose. The pedicle 
' must be kept wide, seldom narrower than the widest part of the flap. 

In cases where the liability of tissues is low, as in old people, the 
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forehead flap may be “ delayed,” that is, it may be outlined by incisions 
but not raised at the first operation. In other cases it may be deemed 
advisable to raise the flap and pedicle, or some portion of them, and 
return them to the forehead for a short period before submitting the 
pedicle to the rotation necessary to bring the flap to the nose defect. 
Such intermediate stages, and indeed the whole reconstruction, can 
be carried out under local anaesthesia. This materially diminishes 
haemorrhage but introduces the possibility of producing^ thrombosis of 
the main vessels of the pedicle. It may not be out of place to mention 
at this point that venous and possibly also lymphatic drainage of a flap 
is of equal importance to arterial blood supply. Indeed, in most cases 
of gangrene of a flap the cause may be traced to deficient venous 
drainage leading to congestion and thrombosis. A white flap is 
infinitely to be preferred to a blue_one. 

The distal margin of the forehead flap is now accurately sutured 
to the lining margins of the airways, a gmde suture being first placed 
between its mid-point and the proposed lip columella junction. Sutur- 
ing is continued laterally from this central point until the alar bases are 
reached, when it is continued upwards between the cheek skin edges 
and the lateral margins of the covering portion of the flap. On the 
inside of the new nose, cat gut su tures, either interrupted or continuous, 
are employed ; on the outside, interrupted silkworm-gut sutures are used. 

As the suturing progresses, so the tip portion of the nose takes 
shape, and it is always particularly gratifying to note the way in which 
the tip of the nose gradually acquires very natural protrusion and the 
new nostril margins take on a rolled appearance (fig. 2072). Mattress 
sutures may be passed between lining and covering to accentuate 
supra-afar hollowing, while a similar suture passed across the bridge 
line may be employed to maintain prominence in this region and pre- 
vent hsematoma formation. Such sutures introduce some risk of inter- 
fering with blood supply to the more distal parts of the flap. They are 
frequently left un tied at the operation, to be tightened snugly forty- 
eight hours or so later if the condition of the flap warrants it. 

Gen tle pa cking of the new nostrils helps to prevent accumulation 
of blood between lining and covering, and so preserves their shape. 
Rubber/tubes may be introduced for this purpose but are more liable 
to cause pressure necrosis. The raw surface on the forehead may be 
covered immediately by a Thiersch graft or may be dressed with tulle 
gras or ambrine. Care must be taken that the bandage holding the* 
dressings in this region causes no pressure on the edge of the pedicle. » 

•External sutures are removed from the nose in about five days. 
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Mattress sutures must be carefully..watched lest they begin to cut in 
and produce necrosis. 

Ten to fourteen days after tbe first-stage operation, the pedicle is 
divided from tbe flap. The cut edge of the flap is trimmed and sutured 
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in position on the nose. A warning should be given against leaving too 
I little skin in tbe flap ; it is wiser to leave too much to be trimmed to 
suit tbe defect, which is clearly visible only after division of tbe pedicle, 
than to return to tbe forehead even a small area of skin which one has 
planned so carefully to leave behind in the new nose. 
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The pedicle js cleared of granulations both on its deep surface and 
on its edges by gentle scraping. The corresponding portion of the raw 
surface on the forehead is similarly cleared of granulations, and the 
pedicle edges are sewn back in normal position on the scalp. 

Whin the forehead raw surface has been grafted at the first stage, 
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some portion of the graft must be removed to accommodate the 
returned skin. If grafting has not been carried out at the first stage, 
j the granulations may be shaved from the raw surface which remains 
after the return of the pedicle, and a Thiersch graft may now be 
t applied. As raw surfaces have been exposed for some time, and infection 
of a mild type is therefore to be expected, it is preferable to defer 
' grafting, place a drain under the pedicle, and apply a hot boracic 




3770 POST-GRADUATE SURGERY 

fomentation over alL Seven to fourteen days later, when healthy 
granulations are present, any remaining rare surface can be grafted 
under local anesthesia by either Thiersch or Wolfe graft : the latter 
gives the more satisfactory cosmetic result. The patient is ready for 
discharge from hospital some 7-14 days later. 

Any limited patch of hairs on the skin of the new cose, unavoidable 
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plasty, ample room is available for the accommodation of the important 
columellar strut (see fig. 2084). In earlier nose reconstruction -work it 
was customary to insert a cartilage graft in suitable position under the 
skin of the forehead some weeks before the forehead flap was moved. 
Alternatively, similar struts of cartilage were implanted under flaps 
which it was planned to turn in for lining the new nose with the idea 
of giving support to these flaps in their new position. Neither of these 
procedures is recommended. The latter is unnecessary, and with the 



former the bridge is almost invariably incorrectly placed. It is con- 
sidered a much wiser policy to reconstruct the nose in soft tissues of 
ample dimensions and to add the supporting structures when these, 
safely growing in their new position, have been rendered free_of ajl 
induration bv massage. Only in this way can precise definition of the 
bridge line and adequate support of the tip be provided. 

AVlien the degree of nose loss is extreme, a compromise must be 
made in regard to lining, the upper part being provided by in-turned 
flaps from the margins of the defect and the lower part by the forehead 
flap. In cases where no local material is available, the forehead flap 
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may be partly or wholly lined by Thiersch or Wolfe graft at a pre- 
liminary stage before it is swung down from the forehead. In excep- 
tional cases superimposed flaps may be required, lining being provided 
by a tubed pedicle flap from the chest and covering by a forehead flap. 
In cases in which the forehead skin is scarred or when it is particularly 
desired to avoid producing scars in tills region, a new nose may be 
reconstructed by means of a tubed pedicle flap transferred directly 
from the chest wall (fig. 2076). I have found an abdominal tubed 
pedicle flap, about 5 inches by 3 inches, particularly useful for nose 
reconstruction in these circumstances. The flap is prepared on the left 
lower quadrant of the abdominal wall. After a minimal interval of 



six weeks, during the latter half of which the patient may be nut of 
hospital, the lower end of the flap is divided and attached to the radial 
border of the forearm in the manner illustrated in figure 2077. This 
illustration is copied from a photographic record, and it will be seen 
that the pedicle lias been rotated so that its “ seam ” faces the dorsal 
aspect of the forearm. This rotation of the flap has never been found 
to interfere with its blood supply. Three weeks later the upper end is 
divided from the abdominal wall and about two-thirds of the flap is 
unrolled and cleared of excess fat. The forearm is carried across the 
forehead, dorsal surface backwards, where it is very readily fixed by 
strapping. This position causes no serious discomfort and it will 
readily be seen that it brings the flap into a position over the nasal 
defect eminently suitable for reconstruction of the nose. The stages 
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of in-turning and suturing are precisely similar to those already 
detailed. 

In several cases such a flap has been employed to provide skin 
from its distal border for reconstruction of the upper lip before its more 
proximal part was employed in reconstructing the nose. Figure 2077 
illustrates the manner in which this manoeuvre is carried out. Figure 
2078 is a record of a case in which this method was employed for 
reconstructing both lip and nose. 

B. CORRECTIVE RHINOPLASTY 
THE CROOKED NOSE 

It is natural to expect that the most prominent feature of the facial 
contour will bear the brunt of the majority of facial injuries. Fractures 
of the bony bridge are extremely common in sports and in motoring 
accidents. While a nose deflected in moderate degree from the mesial 
plane may be insufficient to constitute serious disfigurement in a man, 
a similar degree of crookedness may be a very real handicap to a 
woman. Quite apart from cosmetic considerations, it must be remem- 
bered that the crooked nose is usually defective in function. It is 
true that clear nasal airways may be restored by submucous resection 
of the septum, hut it must be obvious that this procedure is likely to 
give a less satisfactory result when a deflected bony framework is present 
than when obstruction is due entirely to deflection or deformity of the 
cartilaginous septum. Indeed, it would appear illogical to consider 
submucous resection the operation of choice in such cases. In some, 
correction of the bony displacement is in itself sufficient to clear the 
obstruction, for the septum comes over into correct position with the 
bone; in others, it would appear wise to aim at the maximum 
improvement obtainable by correction of the bouy deformity, leaving 
any residual obstruction to be treated at a subsequent operation by 
submucous resection ; while in still others again, it proves best to carry 
out a combined operation, the septal resection and the correction of 
the bony deformity being performed at the same sitting. 

The general surgeon will take infinite pains to obtain good align- 
ment in a fracture of a limb bone, yet the Nose and Throat specialist 
has, in the past, given very indifferent attention to fractures in his field 
of surgery. Malposition of nasal bones is frequently responsible for 
discomfort, and sometimes for actual pain of a neuralgic character. 
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RECENT FRACTURES 

In fractures of the bony parts of the nose the fragments are almost 
invariably impacted, and simple external digital manipulation, the 
treatment so commonly considered sufficient, proves useless. Thorough 
disimpaction is the most important part of treatment. If tackled 
immediately after the accident, the classical method of introducing a 
blunt instrument of the elevator type into the nose and levering out 
the nasal bones should give satisfactory results. There is, however 
frequently a doubt about the diagnosis, for swelling obliterates bony 
contours, crepitus is seldom elicited, and all manipulations are resisted 
on account of pain and tenderness. For these reasons early treatment 
at a time when it should be relatively simple, is usually neglected 
altogether or is carried out in a very half-hearted manner. 

For the efficient disimpaction and setting of a recent fracture of the 
nose, full ansesthesia is advisable. As a rule, this need be of only short 
duration, but if the patient is to be protected from inspiration or swal- 
lowing of blood and the surgeon saved from working in a blood -sprayed 
field, the anaesthetic should be administered by the intra-tracheal 
route. Evipan or even local anaesthesia may be employed where 
contra-indications to inhalation anaesthesia are present, provided 
efficient blood suction apparatus is available. 

The operation should be carried out methodically and deliberately, 
and nothing should be allowed to interfere with the thoroughness of 
the work. No better instrument for manipulation of the fragments 
has been designed than the forceps originally devised by Walsham 
(Lancet, Aug. 29, 1891), and copied for me by Mayer and Phelps. 
These, right and left, with central or septal-setting forceps, are 
illustrated in use in figure 2079. The narrower blade is passed up the 
nose so that it comes to lie on the inner surface of the nasal bone, while 
the broader blade, shaped to correspond with the outer surface of the 
bone, is applied externally over the skin. This outer blade is usually 
covered by rubber tubing to avoid damage to the skin. The blades of 
these forceps do not meet, and there is therefore no crushing of the bone 
or its soft tissue coverings, yet a firm grip is obtained. The nasal bones 
are in turn rotated outwards to obtain thorough disimpaction. Simple 
external digital pressure now brings them into normal position and 
restores narrowness to the bony bridge. In most cases the septum has 
shared in the displacement, and it is always advisable to centralise this 
structure and at the same time correct any tendency to backward 
displacement of the bridge line. 
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Splinting. 

A simple method of maintaining the corrected position and prevent- 
ing hasmatoma formation is as follows : a piece of sheet lead, cut to 
correct size and shape, is moulded to cover the front and sides of the 
nose. With this in position, a thin covering mould of Stent is made. This 
is cooled rapidly by trickling over it iced lotion from a dental chip 
syringe. The sheet lead, which has now served its purpose by holding 
the bones in position during the setting of the mould, is discarded. The 
mould is suitably trimmed and is strapped in position by adhesive 
strips passing from forehead to cheeks. 

It is sound practice to pass a wick of tulle gras or of gauze soaked in 
liquid paraffin into each airway, not as a packing or splint but simply 
to prevent accumulation of blood clot which is liable to take several 
days to disperse. When the wicks are removed twenty-four hours 
later, nasal breathing is restored immediately and the patient is ren- 
dered much more comfortable. The mould may be removed at the 
same time or it may be retained for some days longer. It should be 
remembered, however, that its main function is to limit post-operative 
swelling and prevent re-displacement of fragments during the stage of 
recovery from the anaesthetic. Its retention for any length of time after 
it has fulfilled this function may be disadvantageous, for it is better to 
have the nose in full view rather than risk leaving it blindly fixed in 
what may prove to be a slightly incorrect position. Any tendency to 
re-deviation is very readily checked by digital pressure . Once disimpac- 
tion has been carried out completely — and the best criterion of this at 
the time of operation is that the nose can be readily pushed to the 
opposite side — there is very little tendency for the nose to become 
crooked again. 

After-Care. 

The majority of uncomplicated cases are kept under observation 
only over-night. Nostrils require gentle cleansing with hydrogen 
peroxide. They should then be dried and smeared with liquid paraffin. 
In some cases, undue swelling calls for longer after-care, and as the 
swelling subsides a careful watch must be maintained for any re- 
deviation. The patient is instructed to press in the nasal bones towards 
the mid-line with his fingers in order to keep the bony bridge narrow, 
and to press more on one side than the other should there appear to be 
any re-deviation during the setting process. 

In cases in which the bones of the nose are extensively comminuted 
and when backward displacement is pronounced, the simple wire self- 
retaining intra-nasal splint devised by Watson Williams 
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Oct. 31, 1931), or the one introduced by A. B, K. Watkins (B.M.J., 
Xov. 18, 1933), will be found useful. In some such cases it proves 
practicable to pass a silkworm-gut suture in mattress form, tied over 
small gauze rolls, from one side to the other, the needle finding its way 
between bone fragments. 

In the most severe varieties of fracture, support maybe obtained by 
extensions from a metal-cap splint fixed to the upper teeth. AH such 
apparatus is uncomfortable to the patient. Jdany of the cases in which 
its use appears to be most clearly indicated fall into a category which 
calls for some secondary reconstruction of the bridge line by cartilage 
or other supporting graft at a later date. Although the indication to 
provide the best possible foundation on which to build is a clear one, 
careful judgment is required if over-long and futile efforts to support 
a badly comminuted bridge line by mechanical means are to be 
avoided. 

Skiagrams of nasal fracture cases are seldom necessary, and unless 
taken by a radiologist with special experience are likely to fail to 
indicate the sites of fracture. They are reserved for the most part for 
doubtful cases in order to demonstrate to patients or parents the need 
for surgical interference. They are also useful as records in medico- 
legal cases. 

It is wise in all severe nasal fracture cases to explain that the main 
aim of operative treatment is to correct crookedness as seen from in 
front, i.e., lateral deviation. It does aim, of course, at complete restora- 
tion to normal, but in some cases disturbance of the interrelation of 
cartilaginous and bony elements may produce some alteration in the 
bridge line contour as seen in profile. Another point worth mentioning 
is that a recently fractured nose may have been the subject of a pre- 
vious fracture which has received no treatment. In such cases it is not 
to be expected that replacement of recently displaced fragments will 
reproduce a perfectly normal nose. 

Probably the optimum time at which to operate on a nasal fracture 
is ns soon as possible after the accident and before swelling 1ms had 
time to appear. If this opportunity has been missed, it is as well to 
allow three or four days to elapse. By this time swelling has subsided 
to some extent, the deformity has become more obvious, and the patient 
is more convinced of the need for treatment. 

The operation can be carried out successfully up to about three 
weeks after injur}'. After this time the bones have to a great extent 
“ set ” and manipulation by forceps is impossible or unsatisfactory. 
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OLD FRACTURES 

When the nasal bones have become firmly set in malposition a much 
more complicated procedure is required to correct deformity. 

Lateral vestibular incisions are made over the lower borders of the 
nasal bones. Through these the soft tissues are elevated on a sub- 
periosteal plane. In order that rearrangement of the relation between 
skin and bone may be thorough, this undermining of soft tissues is 
not restricted to the regions of the nasal processes of the maxilke 
but extends over the whole bridge and down towards the tip of the 
nose. 

Lateral saw cuts are made (fig. 2080) which meet above, and the 
bony sides of the nose are “ in-fractured ” either by thumb pressure or 
by means of Walsham forceps. 

In order to avoid unnecessary damage to the nasal mucous mem- 
brane, it is sound practice to pass the elevator upwards on the inner 
aspect of the bone and so separate the nasal muco-periosteum in the 
line of the proposed saw cut. The bony parts of the nose should be 
freely mobilised. The septum is manipulated into a central position, 
and the parts are moulded by the fingers and splinted in the manner 
already described for recent fractures. 

In the most severe types of deformity it is essential to excise a 
wedge of bone on the longer side before the bridge can be persuaded to 
assume a central position. 

When gross displacement or deformity of the septum is present, it 
is well to have the collaboration of a Nose and Throat specialist who 
will carry out a submucous resection of the septum first, saving the 
cartilage he removes for any building up of the bridge line which is 
required. The lateral vestibular incisions are not sutured but are left 
open to provide free drainage. 

Careful post-operative observation of these cases is required. 
Digital manipulation is usually sufficient to prevent re-deviation and 
is preferable to the use of any form of external fixed apparatus. 

THE HUMPED NOSE 

The treatment of the bony hump follows closely that of the old 
fracture. Lateral vestibular incisions are made but these are extended 
forwards and then backwards on the sides of the membranous septum, 
which structure is transfixed (fig. 2080 [1] ). Undermining is carried 
out as previously described. The bony hump is removed by saw, 
chisel, or the special instrument I have devised for this purpose illus- 
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t rated in use in figure 20 SO (2). The last mentioned has the advantage 
of cutting deeper as it passes downwards ; chisels always tend to pass 
deeper as they are driven upwards and this is obviously undesirable. 



?. Rnconl of tbo boar bump fer rvrer*ed thief L 
3. Ut«nl n* rots omlr pfpmliir to in tntim. 

■4. Excision of «rdcs from septum to produce sbortaunc 
5 4 6, Excision of redundant liters! lining flip*. 

The instrument is removed as soon as bone resistance ceases, and the 
shaving down of the cartilaginous bridge is carried out in the same 
line by an ordinary or angled knife. The nasal processes are now sawn 
and in-fractured, and the bridge line is thus re-narrowed. 
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THE LONG NOSE WITH DROOPING OR WITH BULBOUS TIP 
It is common to find one or both of these conditions associated 
with hump deformity. 

Shortening of the nose and elevation of the tip are obtained by 
excising from the exposed lower border of the septum a triangle with 
its base forwards and its apex in the region of the nasal spine. The 
length of the base of this triangle is the index of shortening which may 



Fig 2081 — As example op a recent nasal practcbe treated be disimfactiox and settiso. 


be expected (fig. 2080 [4]). When the tip portion of the nose is tried in 
position it will be seen that there is an overlap of excess lining material 
on the lateral walls of the nose, and triangular areas (usually including 
the lower parts of the lateral [triangular] cartilages) must be removed to 
allow the wound edges to lie in apposition (fig. 2080 [6] ). It is par- 
ticularly dangerous to remove too much material in these situations, or 
' an unpleasant “ snarl ” will be produced by the drag up of the nostril 
border. 

The bulbous tip, almost invariably due to excessive bulk and 
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prominence of alar cartilages, is treated by careful exposure and removal 
of the upper halves or more of these cartilages on either side of the inter- 
crural angles. Clearing of the cartilage is not easy, since both cover- 
ing skin and lining are firmly adherent to it. Separation is facilitated 
by the injection of local anaesthetic or saline solution between the 
cartilage and its coverings. The septal incision is sutured, the stitches 
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being passed in such a way as to draw the tip upwards and forwards to 
the desired extent. The lateral parts of the incisions are left open for 
drainage. Splinting is carried out as previously described, and wicks of 
tulle gras are passed into the airways. 

It will be seen that various modifications or combinations of these 
procedures may be required for the infinite variety of nasal deformities 
encountered. 
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Figures 2081-2083 show examples of a recent fracture, an old 
fracture, and an over-long and over-prominent nose treated by the 
procedures described above. 



Fig 2083 — Ax abnohm illy fbomisest and over lono sose treated bv the technique shown 
in Fig 2080 


THE DEPRESSED BRIDGE 

Saddle Nose. 

Mention has already been made of the treatment of those gross 
depressions of the nasal contour which follow luetic destruction of both 
mucosa and supporting structures. It may be repeated here, however, 
that the first essential in the treatment of these cases is the replacement 
of lost lining by Thiersch grafting. Only when the nose has been freed 
from the pyriform opening and brought forward as a whole is it justifi- 
able to consider giving intrinsic support by cartilage implant. The less 
severe depressions of the bridge line are due to defective development, 
fracture, septal abscess, or excessive removal of cartilage in the surgical 
treatment of the deflected septum. In all these conditions the nasal 
contour can be satisfactorily restored by the implantation of a cartilage 
graft of suitable shape and size. 

Where the tip of the nose is well supported, a single piece of cartilage 
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will achieve the desired result. "Where tip support is deficient, the 
hinged graft (Gillies), consisting of a bridge piece and a columellar strut 





2. Frposure of coiul cart ill pet from W Inch the graft is oiqiIIt obtained. 

2. The graft prepared with penchondnal hinge. The posterior eorface of the bridge piece is grooved <•> 
lie on the naeal bones abore. 

X Centre! colnmellar incision giving approach for undermining of sbm of nose. 

4- Bridge piece of graft being inaerted- 
5. CWnmettir strut being lifted into position. 

6 Outline of nose before insertion of graft. On time with graft in position. 

left attached to each other by a narrow strip of perichondrium, is 
required (fig. 2084). The bridge piece should be shaped to fit snugly 
on any remaining portion of the bony bridge, and is commonly grooved 
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on its posterior surface for this purpose ; the columellar strut abuts 
against the anterior nasal spine at the base of the columella. In this 
way firm support and protrusion is given to the tip of the nose. 



Fij. £085 — Cue record TuxsTBiTCto correction or the depressed »ul bridsb line ar 

UBTIUGE GRAFT. 


In some cases, extensive undermining of skin extending well out to 
the sides of the nose is required ; in others, a mere pocket for reception 
of the graft is sufficient. A graft which extends for the whole length 
of the nasal bridge gives a better appearance than one which runs only 
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will achieve the desired result. Where tip support is deficient, the 
hinged graft (Gillies), consisting of a bridge piece and a columellar strut 





I. Espoeure ot costal cartilages from sick the graft is or call j obtained. 

2 The graft prepared with perichondral hinge The posterior surface of the bridge piece is grooved lo 
lie on the nasal hones aboTe. 

3 Central columellar incision giving approach for undermining of skin of nose. 

4. Bodge piece of graft being inserted. 

5. Columellar stmt tcing lifted into position. 

6. Outline of nose before insertion of graft. Outline with graft m position. 

left attached to each other by a narrow strip of perichondrium, is 
required (fig. 2084). The bridge piece should be shaped to fit Snugly 
on any remaining portion of the bony bridge, and is commonly grooved 
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on its posterior surface for this purpose ; the columefiar strut ahuts 
against the anterior nasal spine at the base of the columella. In this 
way firm support and protrusion is given to the tip of the nose. 
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CARTILAGE CRAPT. 


In some cases, extensive undermining of skin extending well out to 
the sides of the nose is required ; in others, a mere pocket for reception 
of the graft is sufficient. A graft which extends for the whole length 
of the nasal bridge gives a better appearance than one which runs only 
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part way up the nose. For this reason it has sometimes appeared wise 
to shave down an already high bony bridge at a preliminary operation 
before inserting the graft. Short of tliis, a graft may be notched on its 
posterior surface so that it abuts on the lower edge of the existing bony 
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bridge, or its upper end may be made to fit into a pocket in the same 
situation prepared by separating the muco-periosteum from the inner 
surface of the bone. The latter procedure is fraught with danger of 
opening into the nasal cavity, and so with risk of infection of the graft. 

Nasal cartilage grafts may be inserted via : (1) an incision on the side 
of the membranous septum ; (2) a vestibular incision where septum and 
lateral walls meet ; (3) the columella-reflection route illustrated in figure 
2087 ; or (4) the central columellar incision shown in figure 2084 [3]. 

Infection is rare ; when it does occur, free drainage should be estab- 
lished immediately. If it fails to clear up speedily, it is wise to remove 
the graft completely rather than to wait for its slow extrusion or 
disintegration. 

Figures 2085 and 2086 illustrate typical cases treated by cartilage 
grafts. 

General Remarks. 

Preliminary application of cocaine and adrenalin solution to the 
nasal mucosa makes for less bleeding and a clearer operation field. 

The skin of the nose is very obliging, for it will usually shrink or 
stretch to accommodate itself to altered skeletal contours. 

Although the incisions described above are the ones usually em- 
ployed, there is no doubt that the clearest exposure for all work of this 
type is provided by reflection of the columella, as devised by Gillies 
(Proc. Roy . Soc. Med., 1923) and as illustrated in figure 2087. This 



T>q. 20S". — The cotrxmjmnxcnoi irpROiCH fob cobbectite Fmxoruync moorncuES. 

A. Incisions. B- ColameUa raised and free border of septal cartilage exposed 

approach entails, however, a small scar line at the junction of columella 
and lip, and in some cases such a scar would be very obvious and must 
be avoided. If the columella is to be reflected, it is well to make two 
fine scratches with a sharp needle across the proposed line of skin 
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section. These assist in accurate skin apposition at the end of the 
operation when the various changes which have been made in the parts 
make their correct interrelation a little obscure. 


BHBTOPHYJrA 

Little need be said about the treatment of this condition. In its 
incipient stages much may be done to check progress by carefully 
graduated X-ray or radium treatment. In its grosser forms, simple 



shaving away of the sebaceous material, thereby reducing the nose 
to normal proportions, gives excellent results. Such shaving leaves 
rosettes of epithelium derived from the sebaceous pits, and these 
rapidly spread to cover the whole nose with new and healthy skin. 
Figure 2088 shows a case treated in this manner and the result obtained 
three weeks after operation. 

Care must be taken to avoid damage to cartilage or opening into 
the nose. Bleeding is apt to be alarming, but operation under local 
amesthesia, and the free use of iced lotion and of carefully applied 
pressure-dressings do much to check this. 



CHAPTER VII 


Paraffinoma 

Although the injection of paraffin wax is still advocated and practised 
by some surgeons of repute, the plastic surgeon who has had experience 
of the sequel® of such treatment will find no words sufficiently strong 
to condemn it. Carefully employed, it represents a very simple means 
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of contour restoration in the nose, but it is never a safe method. I 
have never used it but I have spent many weary hours removing 
wax from nose, cheeks, chin and neck in cases where, frequently years 
after its insertion, it has become active, infiltrated the skin itself and, 
taking on the characters either of an infected foreign body or of a 
tumour, has worked its way towards the surface or even through the skin, 
or has gravitated into positions far removed from those of the original 
injections. Occasionally, it is found neatly encapsuled ; its removal is 
37S9 
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gratifying results. It is advisable that all aspects of such treatment 
should be fully discussed with the patient beforehand. The position 
and probable nature of scars, and the risks of lnematoma formation, 
infection, and skin necrosis should be made perfectly clear, for it is 
obviously useless replacing one obsession by another. Future function 
of the remodelled breast should also be discussed. It i3 probable that 
little disturbance of function is produced, but it must be remembered 
that the heavy pendulous breast seldom contains much useful breast 
tissue. When a woman of child-bearing age seeks advice it is well to 
enquire about earlier function, about her intention to have further 
children and her desire to suckle them. I have no statistics on this 
point but Biesenberger of Vienna, who has probably devoted more 
thought and practice to this subject than any other single worker, 
claims to have many cases in which lactation and suckling have pro- 
ceeded normally (even better than before) after his operations. 

Careful examination should be carried out to exclude cases of 
carcinoma ; patchy chronic mastitis need not be considered a contra- 
indication. 

Time of Operation. 

It is unwise to operate shortly after a pregnane}' and before com- 
plete resolution has occurred. In order to avoid troublesome congestion 
and unnecessary hamorrhage it is wise to choose a time between 
menstrual periods. 

After trial of various procedures I have adopted as the operation of 
choice the one devised and fully described by Biesenberger whose book, 
giving a critical review of the whole subject, should be read by all 
surgeons embarking on this class of work. 

The figures illustrating this section indicate better than words the 
steps m the operation. All are based on those of Biesenberger, and only 
slight modifications of the original technique have been introduced. 

Although not essential and not practised by Biesenberger, some form 
of preli mina rj- skin marking is distinctly helpful, for it null be seen that 
only slight asymmetry of position of the patient on the operating table 
is capable of leading the surgeon astray when he reaches the stage of 
placing the nipples in their new positions. Many such markings have 
been devised, but I have found those suggested by C’laoue of Paris as 
reliable as any. 

The patient lies comfortably on a couch with her hands on her hip3 
and a line is drawn down the middle of the body, from the stipra-stemal 
notch to umbilicus. A horizontal line is drawn at the upper level of 
the breasts and another one joining the submammary grooves. A third 
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horizontal line is drawn midway between the two former. Oblique 
lines are now drawn from the anterior axillary folds to meet at the 
intersection of vertical and lowest horizontal lines. 

The ideal position for the new nipples lies, in my opinion, just out- 
side and below the points of intersection of these oblique lines with the 
middle horizontal one. Dartigues places these points on a vertical line 
dropped from the junction of the outer and middle thirds of the 



2030 — JtouiAPLisrr Biesenber- Ftj 2031 — Mamsiaplastit Blesenber 

oer technique Circular incision in oer technique. Pebi areolar skis 

AREOLAR SKIS ArZOLA SUTURED AT STRIP BEHOVED. VERTICAL INCISION 

FOUR POINTS TO BREAST. INCISION TOB MADE 

BEMOVAL OP PERI-AREOLAR SKIN STRIP 
INDICATED BY DOTTED LINE. 

clavicle, four finger-breadths below the axillary fold. Such markings 
are valuable in that they indicate points symmetrically placed ; they 
should not be followed slavishly, the final new position for the nipples 
being chosen only when the breasts have been remodelled and covered 
by the skin flaps. 

Figure 2090 shows the incision made to liberate the nipple. This 
incision is not necessarily carried around the areolar margin, for the 
areola in cases of hypertrophy and ptosis is usually greatly enlarged. 
An estimate is made of the size of areola which will prove suitable for 
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gratifying results. It is advisable that all aspects of *■ 
should be fully discussed with the patient beforeham] 
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pletely exposed. This undermining is carried out chiefly by blunt dis- 
section with a gauze swab, scissors being used to divide any adhesions 
which do not separate easily. A considerable amount of fat should be 
left on the under-surface of the skin if necrosis is to be avoided. 
Haemorrhage is comparatively slight and is checked up to this stage by 
large gauze swabs packed into the undermined areas. 

The pectoralis major above and to the outside and the serratus 
magnus digitations below are exposed. The greater part of the outer 



position- Author's method or csino * i\g made tor reception or nipple and 

MODIFIED DoVEN CLAMP IN THIS PROCEDURE AREOLAR SKIN CIRCLE. 

Intel flCTTEINC IN AREOLAR REDIOX COMPLETED. 

two quadrants of the breast are now removed together with the axillary 
prolongation. Figure 2092 indicates the quantity of tissue removed in 
an average case ; this proportion may be varied to meet the require- 
ments of the case. The lower pole of the remaining breast tissue is 
now freed sufficiently to allow it to be rotated upwards and inwards. 
Trial is made of the position giving most ccsthetic shape to the new 
breast, and when this position has been found sutures are inserted (as 
indicated in fig. 2093) to maintain the improved position. These 
catgut sutures should not take unduly large bites of breast tissue. 
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the reduced size of the breast. A further circular incision is now made 
about |-inch outside the former, and the ring of skin thus isolated is 
stripped of! the underlying breast tissue. Removal of the skin in tin’s 
manner prevents damage to the peri-areolar venous plexus, avoids 
troublesome hemorrhage and gives less interference with the blood 
supply of the nipple than would knife dissection. 

In cases where enlargement is considerable and ample skin is 
available, this second incision may be carried down to the submammary 



RESTORES TOXICAL FORM TO THE RECAST 

iv ns sew rosrrrox. 

sulcus as in figure 2091. In other cases a vertical incision is made to 
the same point. Four fine sutures are inserted to fix the areolar skin 
to the breast tissue. This is an important point in technique, for the 
further manipulations are otherwise liable to pull on this skin and 
produce drag on the nipple itself. 

The skin envelope covering the breast is now undermined in all 
directions, extensively above and to the outer side, and less extensively 
over the inner quadrants of the breast, until the breast is almost com- 
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pletely exposed. This undermining is carried out chiefly by blunt dis- 
section with a gauze swab, scissors being used to divide any adhesions 
which do not separate easily. A considerable amount of fat should be 
left on the under-surface of the skin if necrosis is to be avoided. 
Haemorrhage is comparatively slight and is checked up to this stage by 
large gauze swabs packed into the undermined areas. 

The pectoralis major above and to the outside and the serratus 
raagnus digitations below are exposed. The greater part of the outer 
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modified Dotes clamp is this procedure. areolar skit circle. 

iiwl SUTCRITO IT AREOLAR REGION* COMPLETED 

two quadrants of the breast are now removed together with the axillary 
prolongation. Figure 2092 indicates the quantity of tissue removed in 
an average case ; this proportion may be varied to meet the require- 
ments of the case. The lower pole of the remaining breast tissue is 
now freed sufficiently to allow it to be rotated upwards and inwards. 
Trial is made of the position giving most aesthetic shape to the new 
breast, and when this position has been found sutures are inserted (as 
indicated in fig. 2093) to maintain the improved position. These 
catgut sutures should not take unduly laTge bites of btcast tissue. 
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The breast should now occupy the desired position irrespective of 
skin covering, for no amount of shaping of the skin envelope will keep 
a badly remodelled breast in good shape. 

The skin flap is now drawn over the breast and suitably trimmed. 
Figure 2094 indicates the device I have adopted for trial of the amount 
of skin excision required in the vertical direction. The skin is drawn 
through the modified Doyen stomach clamp until it fits snugly to the 
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lower part of the circumference of the breast. Long straight needles 
armed with sutures are then passed through the holes in the blades of 
the clamp, the projecting skin is shaved off and the sutures are drawn 
tlirough. The clamp is now removed and the sutures are tied. 

A large fold of skin still remains in the region of the submammary 
sulcus. This is carefully trimmed away in such a manner as to keep the 
resulting suture line snugly placed under the breast in its new position. 
Every effort should be made to limit the inward prolongation of this 
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suture line. Its outer end should be kept well down or it will be 
liable to sliow wlien evening dress is worn. 

Figure 2095 shows how a good finish may be obtained by carry- 
ing the outer extremity downwards a little and trimming the lower 
edge of a triangle at its outer end. 

Further fine sutures are employed to complete the approximation 



Fig . 2097 — Breast FEnrcTrov *>d elevation rv a case rv which ptosis was the chief feature. 


of skin edges in both vertical and horizontal wounds and a drainage- 
tube is inserted externally and below. 

No attempt is made at this stage to bring the nipple out into 
position. Tlie other breast is operated on in similar manner. 

It is now that a final decision must be made about the positions for 
the new nipples and it is now that the preliminary markings prove 
helpful. Sites are chosen, not precisely at the centres of the eminences 
but a little below and outside these points. Various writers have sug- 
gested that, following the dictates of ancient sculpture, they should be 
placed above and outside these points, but experience indicates that 
the tendency is to place them too high rather than too low. 

Circles of skin are removed similar in size to the areolar skin isolated 
vot. m. — i 
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The breast should now occupy the desired position irrespective of 
skin covering, for no amount of shaping of the skin envelope will keep 
a badly remodelled breast in good shape. 

The skin flap is now drawn over the breast and suitably trimmed. 
Figure 2094 indicates the device I have adopted for trial of the amount 
of skin excision required in the vertical direction. The skin is drawn 
through the modified Doyen stomach clamp until it fits snugly to the 
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lower part of the circumference of the breast. Long straight needles 
armed with sutures are then passed through the holes in the blades of 
the clamp, the projecting skin is shaved off and the sutures are drawn 
through. The clamp is now removed and the sutures are tied. 

A large fold of sldn still remains in the region of the submammary 
sulcus. This is carefully trimmed away in such a manner as to keep the 
resulting suture line snugly placed under the breast in its new position. 
Ever}’ effort should be made to limit the inward prolongation of this 
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suture line. Its outer end should be kept well down or it will be 
liable to show when evening dress is worn. 

Figure 2095 shows how a good finish may be obtained by carry- 
ing the outer extremity downwards a little and trimming the lower 
edge of a triangle at its outer end. 

Further fine sutures are employed to complete the approximation 
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of skin edges in both vertical and horizontal vrounds and a drainage- 
tube is inserted externally and below. 

Xo attempt is made at this stage to bring the nipple out into 
position. The other breast is operated on in similar manner. 

It is now that a final decision must be made about the positions for 
the new nipples and it is now that the preliminary markings prove 
helpful. Sites are chosen, not precisely at the centres of the eminences 
but a little below and outside these points. Yarious writers have sug- 
gested that, following the dictates of ancient sculpture, they should be 
placed above and outside these points, but experience indicates that 
the tendency is to place them too high rather than too low. 

Circles of skin are removed similar in size to the areolar skin isolated 
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or internal to the nipple, is usually sufficient for this purpose. Nothing 
is more disappointing in results than the production of a nipple and 
areola which give the appearance of being dragged backwards and 
downwards through the skin opening. To avoid early drag of this 
kind — if the operation has been carried out perfectly there will be none 
— the skin surrounding the new opening may be “ tacked ” down to 
the breast tissue surrounding the nipple by an occasional mattress 
suture. 
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Tulle gras is applied over the nipples. The other suture lines are 
smeared with sterilised vaseline and covered by gauze. Copious cotton- 
wool dressings are used and a many-tailed bandage is applied to give 
snug pressure and support. A careful watch is kept for discolouration 
and threatened necrosis of the areolar skin, warm saline compresses 
being applied if necessary. 

Drainage-tubes are removed in forty-eight hours. Sutures are 
removed gradually, some as early as the fifth post-operative day, others 
not until sound healing has occurred in from 7-10 days. Arm move- 
ments are restricted for about fourteen days. 

For the first forty-eight hours or so patients show the ordinary 
after-effects of any prolonged operative procedure. After that time 
they seldom experience serious discomfort, and discharge from hospital 
is usually possible in fourteen days. The skin flap to the outer side of 
the vertical incision frequently becomes discoloured and occasionally 
shows superficial necrosis. In the early stages hot saline compresses 
are useful. When necrosis is established it is best to keep the parts dry. 

Photographic records of cases operated on in this manner are 
presented in figures 2096 and 2097. 

In most cases it is possible to achieve the desired reduction and 
elevation in a one-stage operation. In cases of gross enlargement the 
same operative procedure is adopted, but at a later date the vertical 
and submammary scar lines are reopened, excess of deep tissue is 
removed in wedge form, and the skin edges are suitably trimmed and 
re-sutured. Figure 2098 illustrates a case treated in this manner, the 
photographs showing the original, the intermediate and the final 
contour. 

After operation patients are advised to wear a supporting brassiere 
for some 4-6 weeks and to avoid any exercise involving active move- 
ments of the arms during that period. 

Areas of induration and tenderness may persist for some weeks but 
these need cause no anxiety. 



CHAPTER IX 


Cleft Lip and Palate 

There could be no more fascinating branch of reconstructive surgery 
than that which deals with the repair of congenital defects of the Up 
and palate ; there is no work in which surgical judgment and meticulous 
atraumatic technique are more in demand ; and there is no work in 
which collaboration with colleagues — paediatrician, dental surgeon, and 
speech therapist — is more essential. 

The vast literature of the subject is, in itself, evidence that many of 
the problems presented by these cases have not yet been solved, and 
tliis is not surprising when the infinite variation in type and the multi- 
plicity of the factors involved are borne in mind. It would appear 
unwise to occupy valuable space by descriptions of classical operations 
or by arguments about the relative advantages of tliis or that 
procedure. Many years’ experience of this class of work has led me 
to a selection of procedures which appears to offer the best possible 
chance of achieving the objects of treatment. It is, in this connection, 
a mistake to separate a lip cleft from a concomitant cleft of the alveolus 
and palate ; on the treatment of one hangs the treatment of the other ; 
only when the alveolus is intact can the two parts of the cleft be con- 
sidered apart. I am in the habit of classifying cases in the manner 
suggested by R. P. Ritchie of St. Paul and have found this of great 
advantage : 

CLASSIFICATION 

Group I. Pre-alveolar Clefts. 

Group II. Post-alveolar Clefts. 

Group III. Alveolar Clefts. 

Clefts falling into Groups I and II may present themselves in the 
same case ; there may be a cleft of varying extent of the lip associated 
with a cleft of varying extent of the palate separated by an intact 
bridge of alveolar margin and a varying amount of un-cleft palatal 
tissue. 

Clefts in Group III may be of almost endless variety. In unilateral 
complete clefts in tliis group it is usual to find the vomer attached, for a 
3S00 
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varying distance, to the palatal process of the side away from the lip 
cleft. In bilateral complete clefts the vomer is central and unattached 
to either palatal process. 

Pre-alveolar lip clefts may be unilateral or bilateral and may be 
complete (passing upwards to divide the nostril Aoot) or incomplete. 
Alveolar clefts may similarly be unilateral or bilateral, and complete or 
incomplete, varying from a mere notch of the alveolar margin on one 
side to the wide separation of the alveolar elements seen in its most 
severe form in those bilateral complete clefts of lip and palate in whicli 
the prolabium and premaxilla are situated far forwards and form a mere 
tubercle attached to the tip of the nose. Post-alveolar clefts vary from 
a mere split of the uvula to the long complete cleft reaching from uvula 
to alveolus. 

Some rational classification of this kind is essential if reliable com- 
parison is to be made in the results of operative treatment, for the type 
of cleft makes all the difference to the results which may be expected. 

OBJECTS OF OPERATIVE TREATMENT 

These may be summarised briefly as follows : 

(1) To make the patient look well. 

(2) To make the patient eat well. 

(3) To make the patient speak well. 

Of these the last is considered to be of greatest importance. 

The patient can be made to look well by careful repair of the split 
tissues of the lip and nose. Repair in layers — skin, muscle, and mucosa 
— with meticulous attention to the correct placing of these tissues, with 
avoidance of waste of the available material and without unnecessary 
scarring, will achieve this object. The technical difficulties vary 
enormously, however, for while the repair of a pre-alveolar cleft is 
relatively simple, the arranging of tissues in a wide alveolar (Group III) 
cleft becomes a most difficult and complicated procedure. Indeed, in 
these latter cases, in which the bony parts are in abnormal position, it 
is impossible (and unwise) to make a lip and nostril which, at the time 
of operation, have a normal appearance. The main object of operation 
on such cases should be anatomical replacement of parts. It is sur- 
prising and gratifying to note that when this has been successfully 
achieved the lip and nostril show steady improvement in appearance 
os the action of the repaired lip succeeds in moulding the underlying 
skeletal deformity. It is for this reason that early operation (usually 
within the first 4-8 weeks) is advocated on lip clefts in tin’s group. 
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ensures eversion of edges and prevents any unsightly notch formation 
in this region. All skin stitching is carried out with finest ophthalmic 
silkworm-gut mounted on atraumatic needles (plastasutes). Tension 
skin sutures have no place in lip repair work. 

The first skin suture is placed at the skin-vermilion junction line and 
must be introduced with great care. In order to avoid irregularity of 
union in this region and to avoid the difficulty sometimes experienced in 
seeing this line at a later stage in the operation, I frequently mark it at 
the beginning of the operation with Bonney's Blue applied on a fine 



mapping pen. Gentle tension on this first stitch brings the skin edges 
into correct apposition, and some five or six further sutures complete 
the skin closure. 

All that now remains is to deal with the mucosal tags. A decision 
must be made as to how much can be safely trimmed away and whether 
imbrication or the formation of a flap from the outer side, to increase 
the prominence of the central part of the lip border, is advisable. Even 
in this limited region the formation of a flap of any material dimensions 
is to be avoided. It is wise to leave too much mucosa rather than too 
little ; projections are very easy to remove later on if the cosmetic 
result is imperfect. 
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At the end of the operation a Logan’s tension -bow is applied to 
prevent early drag on the suture line when the child cries. This device 
leaves the suture line exposed for periodical cleansing and for later 
removal of sutures (fig. 2100). 

Sutures are removed as soon as possible. With the bow in position, 
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it is safe to remove some on the third day. All should be out by the 
fifth day after operation. 

When the infant leaves hospital, the mother is instructed to 
" knead ” the scar line with a clean finger greased with lanoline cream. 

Bilateral pre- alveolar lip clefts may be treated by closing both 
clefts in this manner at the same operation. In the majority of such 
cases the central element is poorly developed and it is obvious that the 
prolabial skin should not be incorporated in the whole length of the lip 
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It is in these cases that I break the self-imposed rule of avoiding the 
formation of flaps and repair the lip on the lines originally advocated by 
Veau as a secondary procedure for Group III bilateral clefts. Figure 
2101 indicates clearly the technique employed. 

Treatment in this group of cases is concerned almost entirely with 
appearance, but it should be remembered that an inferior lip repair may 
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be responsible for incorrect production of labial sounds. Figure 2102 
shows photographic records of clefts falling into this group and the 
results obtained by the simple form of repair described. 

POST-ALVEOLAR CLEFTS. GROUT II 

Clefts of the Palate. 

In this group of cases treatment concerns itself almost entirelv with 
providing the patient with a mechanism which will allow him to 
produce all the sounds necessary for normal speech. 

The intact alveolar margin will, in the absence of gross and 
inexcusable trauma, prevent the occurrence of those appalling distor- 
tions of the dental arcade which are so frequently seen in Group III cases 
where closure of the palate cleft lias been achieved by flaps d rawn together 
under tension and with the formation of massive sear tissue. 3Iasticatory 
disability should, therefore, never be seen in this group of cases. 

How are the objects of operative treatment to be attained ? 
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By the complete closure of the cleft, if possible, but more par- 
ticularly by the provision of a mechanism by which the nose can be 
shut off from the mouth. No operation which fails in this latter respect 
can be considered successful. In the past, surgeons were satisfied if 
they could exhibit completely closed palate defects, and much time and 
ingenuity has been expended on ways and means of achieving such 
results. To-day the tongue depressor and inspection lamp should play 
no primary part in the examination of repaired palates. If the patient 
can speak clearly and naturally, and if he can snort and carry out those 
simple blowing tests which indicate efficient oro-nasal sphincteric control 
(Wardiil), no visual examination is needed to decide whether the repair 
operation has been a successful one. 

It is in the treatment of this group of cases, and into this group 
fall those Group III cases in which the lip cleft and the anterior part 
of the hard palate cleft have been repaired, that I have freely 
borrowed from the work or my contemporaries, gradually evolving a 
procedure which has for some years now been giving most gratifying 
speech results. Carried out before the child has made serious use of its 
defective speech mechanism, this operative technique succeeds, in a 
large proportion of cases, in giving normal speech without need for 
speech-training other than that provided by the child’s natural speech 
trainers, its parents. 

Space will not allow of both detailed written descriptions and illus- 
trations and I have therefore considered it advisable to concentrate on 
the latter, reference to which should make the steps of the operation 
amply clear (figs. 2103-2105). 

The essential points may be summarised as follows : 

(1) Pharyngoplasty. (Wardiil.) 

(2) Potation flaps from the hard palate. (Veau.) 

(3) Extensive freeing of the soft palate tissues from the posterior 
borders of the palatal processes. 

Free separation of nasal muco-periosteal flaps and approxi- 
mation of these as far as possible throughout the cleft. (Veau.) 
Employment of vomerine flap or flaps, when available, to 
assist in this nasal closure. (Veau.) 

(4) Hamular process fracture , a procedure introduced many years 
ago by Billroth and re-introduced by Wardiil and certain 
American workers in comparatively recent years. 

(5) Free separation of the lateral pharyngeal wall from the internal 
pterygoid plate and its immediate neighbourhood. (Ernst and 
Axhausen.) 
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The reference after each is given not as indicating so much the 
original introducer as the surgeon in whose work I first observed this 
part of the technique. 

Some general remarks on these procedures must be made. 

In my opinion, the most important among the many infinitely 
important contributions which Yeau has made to this subject is the 
introduction of rotation flaps to replace the older Langenbeck sliding 
or advancement flaps. These have enabled the surgeon to put into 
practice that very useful ‘‘ V-Y ” advancement principle, well known 
in other branches of plastic surgery, and so displace all available palatal 
material backwards to the situation where it is most needed. But this 
flap formation would fie useless without the extensive freeing of parts 
on both upper and lower aspects of the bony processes which we also 
owe to the same worker. Yeau seems inclined to attach less importance 
than I think should be given to the free separation of the soft tissues of 
the soft palate from the posterior borders of the bony processes, for 
without this, full posterior displacement of parts cannot be obtained. All 
this separation is carried out without dividing mucous membrane in the 
manner which formed an important part of the Langenbeck procedure. 

It will be seen that when everything is ready for suture the palatal 
process has been completely filleted ” from its soft tissue coverings. 

Veau’s contributions to the repair of the palate cleft, however, 
begin before the main part of the cleft is tackled. The closure of any 
Group III cleft is facilitated in spectacular manner when the lip closure 
is combined with closure of the anterior part of the hard palate cleft in 
the manner advised by him and described later. 

Trials of Yeau’s submucous wire suture (suture musculaire) left me 
dissatisfied. It achieved its object in preventing disunion of the soft 
palate suture line but was abandoned, in favour of hamular process 
fracture, as an unsurgical procedure producing fibrosis in its track 
which was likely to diminish the free mobility of the reconstructed 
soft palate. 

Wardill demonstrated that the tensor palati muscle, the action of 
which fracture of the hamular process might be expected to disturb, is 
concerned more with deglutition than with speech. Its contraction 
draws the soft palate forwards, and from the speech point of view it is 
therefore better out of action. There is no doubt about the relaxation 
given by fracture of the hamular processes, and I have seen no dis- 
ability produced by the procedure. It seems probable that the hamular 
processes become reunited in changed position and that the pull of the 
tensor palati thus adjusts itself to the changed position of parts. It 
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may even be true that in these circumstances this muscle changes its 
function and becomes an additional elevator of the palate, as suggested 
by Dorrance. 

It was the uniformly good speech results produced by Ward ill, in 
what was at the time a small series of cases, which led me to adopt his 
pharvngoplasty procedure as a routine measure. 

In most cases, if not in all, the oro-nasal isthmus possesses abnor- 
mally large dimensions. As far as possible these were reduced by 
posterior displacement of the palatal tissues, but it seemed reasonable 
to add to this necessarily limited manoeuvre anything which would 
bring the side walls inwards and the posterior wall fonvards. 

Wardill’s pliaryngoplasty, together with the lateral separation prac- 
tised bv Ernst and Axhausen. appears to be the best method available 
for the purpose, though it is realised that the spectacular immediate 
effects of these procedures do not persist in their full form. Even scar 
tissue in these regions must prove helpful, however, and infinitely 
superior to sncli procedures as paraffin injection or the implantation of, 
fat, fascia, or cartilage grafts. 

The illustrations show the stages of operation on a central cleft of 
limited length ; it will readily be seen how these can lie modified to 
suit clefts of different types. 

When the vomer is available, the muco-periosteum from its sides 
supplies excellent flaps which assist in the nasal closure of the hard 
palate portion of the cleft. Sometimes the vomer is placed so high in 
the cleft that it is useful only as a point of fixation for the mattress 
sutures which draw the buccal flaps upwards into contact with the 
nasal flaps. Occasionally this object must be achieved bv a snture 
drawn out through one of the nostrils and anchored bv tving over a 
gauze roll. All these points in technique have been borrowed from 
Yeau's work. 

I do not divide the posterior palatine arteries as a routine, though 
Wardill holds that this is frequently necessary if complete freeing of the 
flaps is to be obtained ; but occasionally, when the buccal flap is short 
and therefore in no danger of necrosis and when division of tlie artery 
promises to give greater freedom. I do not hesitate to ligature and 
divide it. 

Wardill has recently introduced what lie has described as a “ four- 
flap method,’’ and I have found this useful for closing wide clefts which 
extend far forwards. Short Veau flaps are made and extensively freed 
in the manner here described, .and their arteries are divided if con- 
sidered advisable. Anterior flaps, based on the anterior palatine 
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arteries, are then freed and rotated to meet in the middle line. It 
will be seen that this important modification of technique provides 
a means of avoiding or minimising the anterior defect which is 
left when long buccal flaps are cut and swung inwards and backwards. 
It also reduces the chances of flap necrosis in those cases in which 
complete freeing calls for division of the posterior palatine vessels. 

ALVEOLAR CLEFTS. GROUP HI 

The widely separated elements of the gum margins in both unilateral 
and bilateral complete clefts of lip, alveolus and palate, give an oppor- 
tunity not to be missed for dealing with the anterior part of the hard 
palate cleft when the lip repair is carried out. The Yeau procedure in 
this region provides the only rational method of making a floor for the 
vestibule and a reasonable shape for the nostril. Further, it repairs the 
parts in correct anatomical manner, turning up into the nose vomerine 
muco-periosteuni which belongs to the nose and which should not 
remain exposed in the roof of the mouth. It is impossible to achieve 
this with anything like the same satisfaction, if at all, later on when the 
lip is closed and the alveolar elements have approximated. 

It is difficult to prepare illustrations indicating all points in this 
work because of the different planes concerned, but the subsequent 
figures show with reasonable clarity the several stages of the repair. 

The operation on the palate is simple and need occupy very little 
time. The incision to free the vomerine flap is made first. It con- 
tinues forwards and upwards behind the stump of the medial alveolar 
element on to the side of the septum immediately behind the columella 
(fig. 2106a). The flap is readily separated from the bone and is reflected 
upwards and outwards. Bleeding is checked by swab pressure. 

The buccal flap on the lateral palatal element is now raised (fig. 
2106b). This flap comes away from the bone readily, and it has never 
seemed necessary to make an incision along the outer border of the 
palate cleft. Hremorrhage is again checked either by swab pressure or by 
pressing the flap firmly against the bone from which it has been raised. 

I have found it of advantage at this point to forsake the strict Yeau 
technique which completes the palatal part of the operation straight 
away. 

Incisions are made in the lip and nostril. Those in the lip differ in 
no material way from those already described for pre-alvcolar clefts. 
Mucosal tags are turned down from the margins of the cleft, but 
separation into layers is deferred until a later stage in order to diminish 
hremorrhage. Incisions are made so as to on) inc a small triangular alar 



3812 


POST-GRADUATE SURGERY 


base flap. The upper of these incisions is carried for a short distance 
upwards and backwards on the outer wall of the vestibule. 

An incision is carried outwards in the gingival sulcus, and the soft 
parts forming the lip and the alar base are now carefully and freely 
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separated from the bone. This separation exposes cl earl}' the ascending 
process of the maxilla (fig. 2106n). The muco-periosteum on the inner 
aspect of this process, i.e., on the lateral wall of the nasal fo<^a. is now 
separated. It comes away very Teadily and carries with it the inferior 
turbinate. 

The separation is carried downwards on to the upper surface of tlic 
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palatal process, and a flap of nasal muco-periosteum is thus treed for 
the whole length of the hard palate cleft for later approximation to the 
free margin of the previously separated vomerine flap. 

A silkworm-gut suture (a) is passed by a Reverdin needle through the 
vomerine flap in mattress form. The loop of this stitch is on the mucous 
surface, while its free ends emerge from its raw surface and are temporarily 
held out of the way in forceps. A number of catgut sutures are now 
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employed to approximate the edges of vomerine and lateral nasal flaps. 
These are passed by a Reverdin needle and are so arranged that their 
knots lie above. They are most readily passed from behind forwards 
and should be tied as they are introduced. The approximation of these 
flaps reconstructs the floor of the nose (fig. 2106 b). 

The ends of the vomerine flap suture are now passed through the 
buccal flap and tied. This brings the buccal flap over a considerable 
part of the suture line and reduces exposed raw surface to a minimum. 
The palate part of the operation is now complete (fig. 2107c). 

The remainder of the operation follows closely that already described 
for closure of simpler lip clefts. The alar base flap is advanced to the 
side of the septum, where it is sewn into the triangular defect produced 
bv the reflection of the vomerine flap. A few further points of suture 
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attach the upper margin of this flap to the anterior edge of the newly- 
constructed nasal floor. The position of this flap is shown in figure 
2106c, hut sutures have been omitted to avoid confusion. 

The lip elements are approximated by rauco-muscular catgut sutures 
and silkworm-gut skin approximation sutures. A Logan's bow is applied. 

Figure 2I0S shows photographic records of two cases treated in this 
manner. 

Bilateral clefts are treated in precisely similar manner, but in two 
sittings. The lip result in such cases calls for secondary correction on 
the lines originally described by Yeau and already mentioned in con- 
nection with those bilateral pre-alveolar clefts in which the prolabial 
element is under-developed. 

Figures 2109-21 12 show photographic records of cases of bilateral 
complete clefts in different stages of treatment. 

It will be noted that no attempt is made in such bilateral cases to 
displace the premaxilla backwards by wedge excision from the vomer or 
by other means. The lateral lip elements axe brought forward to it in 
its abnormally protruded position. This maintains a natural harmony 
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in the relation of no«e and lip, and avoids the very ugly, flat, retropo=ed 
lip which results from backward displacement of the premaxilla and 
closure of both lip clefts at one sitting. Gradual moulding of the pre- 
maxilla into better position is produced by the continual muscular 
contractions of the lip. In nearly all bilateral clefts of this group, 
however, further work is required later on, and in some cases the pre- 
maxilla is removed entirely and its place taken by a denture providing 
incisor teeth in correct alignment with the other upper teeth. 

There are other varieties of cleft winch have not been considered. 
Only one of these will be mentioned. The alveolus may be cleft on one 
side or on both, yet there may be no cleft of the palate proper. In the 
bilateral cleft of lip and alveolus of this type, protrusion of the pre- 
maxilla may be so marked as to call for lip repair in two stages, but in 
the majority repair can be effected as in pre-alveola r clefts. 

GENERAL CONSIDERATIONS 

Times to Operate. 

There can be little argument against early closure of the lip cleft, 
and indeed few surgeons delay long in tackling this. It appears to me, 
however, unreasonable to fix any weight standard of fitness in this 
connection. Actual weight is of little importance, for children of widely 
different weights may be entirely fit subjects for operation. Nutritional 
progress is, in my opinion, the only sure criterion of fitness for operation, 
and I always leave it for my pediatric colleagues to “ say the word.” 
On the other hand, it must be clearly understood that lip repair is 
never to be considered as urgency surgery. A child which can receive 
suitable attention can survive indefinitely with a widely open cleft lip. 
Every effort should be made to build up the infant’s resistance before 
operation is attempted. 

As already stated, it is my custom to operate on Group III lip clefts 
between the fourth and the eighth week. I am inclined to leave 
Group I cases, where there is no particular indication for early opera- 
tion, until a little later, the time of operation being decided more by 
weather conditions than by age. 

The use of mechanical appliances for temporarily filling the cleft 
and possibly facilitating feeding makes no appeal to me. Frail children 
from overcrowded homes are unsuitable for such treatment ; an 
appliance intended to be a boon becomes a curse to patient and parent 
alike. 

I operate on a cleft of the palate at or about one year of age. This 
time has been fixed because I feel that this is the earliest age at which 
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I can cope with the technical difficulties of the operation and the 
infant can survive the degree of surgical trauma which my manipula- 
tions involve. I am always anxious to have the repair completed before 
the child attempts to make serious use of his defective speech 
mechanism. 

Theatre Lay-out . 

I always operate on both lip and palate clefts from above the 
patient’s head, which is thrown well back by placing a pillow under the 
shoulders. A low position of the operating table allows the surgeon to 
be seated and gives assistant and onlookers a good view of the operation 
field. The assistant stands on the right and manipulates the suction 
apparatus. The instrument Sister arranges her table close to the 
surgeon’s right hand. Instruments are taken direct from, and returned 
to, this table by the surgeon, the Sister keeping them rinsed and in 
standardised order. 

Illumination. 

Any form of shadowless light is sufficient. When this is not avail- 
able, headlights worn by surgeon and assistant have proved satisfactory. 

Anaesthesia. 

For the procedures described, intra-tracheal anaesthesia is essential, 
and I gladly acknowledge my indebtedness to Magill and bis followers, 
whose developments have made this class of work possible. 

Gag. 

Experience of many kinds of gag left me dissatisfied in one way or 
another until Dott introduced the special Davis-pattern gag bearing 
his name. This, in a form only slightly modified to personal require- 
ments, is made by A. Charles King & Co. It is used for all cleft palate 
cases. For the first operation on Group III cases, at which the anterior 
part of the palate cleft is treated at the same time as the lip repair, I 
employ the small size Lane’s gag. 

Instruments. 

It is obvious that special instruments are required for the pro- 
cedures here described, but no detailed list is given, since it must be 
equally obvious that different surgeons will find different instruments 
suitable for achieving the object of any particular manoeuvre. 

Team Work. 

The sturgeon who attempts cleft lip and palate surgery without the 
help of a well-organised team is courting disappointment. He may 
justifiably rank himself captain of this team but he should not consider 
himself as seriously more important than any one of its members. 
Intimate collaboration between surgeon and anaesthetist is of prime 
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importance. The anaesthetist makes the surgeon’s work possible ; the 
surgeon should see to it that he does nothing which will render the 
anaesthetist's work more difficult. 

The theatre Sister, by failing to anticipate requirements, may be 
responsible for repeated delays which, in a relatively long and tiring 
operation, mount up and become an important factor to both patient 
and surgeon. She should he ** on her toes ’’ the whole time. 

There is little room in or about an infant’s mouth for two pairs of 
hands. The assistant does not get much of a look in/’ but if he is 
quick and deft in his movements and. above all, if he has learnt the art 
— and it is an art — of using a suction end-piece to advantage, he makes 
a most important contribution to the operation. 

Previous to, and after, the operation, the services of an expert 
paediatrician are invaluable. Few surgeons can spot/’ let alone treat, 
the disturbances peculiar to the small infant. 

Only properly trained children's nurses know how to look after 
children, and I seldom persuade myself to undertake the treatment of a 
case unless expert nursing of this kind is available. 

The later work on cleft lip and palate cases demands the services of 
an expert dental surgeon well versed in prosthetic work. 

Records. 

Good photographic records are invaluable, but very difficult to 
obtain unless the camera forms part of the operating theatre equipment 
as it does in Yeau's service. 

Personal notes of history, operation, and progress are essential if 
one's work is to indicate the relative value of different procedures and 
prove of use to others. 

Operation notes should be written immediately after the operation, 
and graphic records should accompany these whenever possible. To 
help in standardising the latter I have had made a rubber stamp provid- 
ing a dotted outline of the normal palate. The value of this is shown in 
some of the diagrams accompanying this section. 

llani%$. 

The infant’s available airway is considerably diminished bv closure 
of the palate cleft. A traction stitch should always be left in the tip 
of the tongue for use during the early stages of recovery from the 
amesthetic. 

If a palate suture line fait, never lx? in a hurry to re -ope rate. Dis- 
charge the child from hospital and wait for 3-6 months before 
attempting a secondary repair operation. 

Re guarded in giving a prognosis when you are called upon to 
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operate on a palate which has already been operated on before. Scar 
tissue is unpleasant plastic material. 

Never concentrate on closing small defects in the hard palate, for- 
getting, as so many surgeons do, the large defect behind the soft palate. 
Hard palate defects are readily filled by a dental plate. Remember 
that a long mobile soft palate in such a position as will provide 
oro-nasal sphincteric control should be the main object of all cleft 
palate surgery. 

Summary. 

The closure of unilateral and bilateral pre-alveolar clefts offers no 
serious difficulty. 

The closure of complete unilateral clefts of lip, alveolus and palate 
is a difficult problem, and the repair of the lip cleft should always be 
combined with the repair of the anterior part of the hard palate 
cleft if an anatomically correct repair of the nostril floor is to be 
achieved. 

Bilateral complete clefts of lip, alveolus and palate present still 
greater difficulties. Closure of one side of the lip cleft, together with 
the anterior part of the hard palate cleft of the same side, reduces 
the case to one of unilateral complete cleft, and this is repaired 
in similar manner as soon as the infant is fit for the further 
operation. 

Successful repair in both these types reduces the palate problem to 
one similar to that presented by post-alveolar clefts. 



F<g 2113 —This illistiution is rrcMDen to show the cR<r*s xctilation which m»t 

DICED BT MISGUIDED SECONDARY PLASTIC WORK OT THK IIP. fI-»M HATE BEES TAKES Wl 
THE ANGIES OP THE WOCTH AND TRANSFERRED TO THE UPPER UP. DISTORTING THE ORAL P1« 
CONTRIBUTING NOTHING OP T4LCE TO TUB rPPF* UP' 
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Secondary Corrective Operations for Established Deformity in 
Cleft Lip and Palate Cases 

Mention was made in the section on intra-buccal skin-grafting of the 
correction of the retroposed upper lip and nose (see fig, 2043). Refer- 
ence has also been made to the Yeau type of secondary correction of the 
deformity necessarily remaining after the closure of bilateral complete 
clefts in two stages. 

Readers are referred for the discussion of these and other deform- 
ities about the lip and nose to an article by Gillies and Ivilner published 
in The Lancet of December 24, 1032. 

Figure 2113 is included to illustrate the mutilating effects produced 
by misguided secondary plastic work on an old bilateral complete 
cleft case. 



CHAPTER X 


Face-lifting Procedures 

No work on plastic surgery would be complete without some reference 
to the so-called “ face-lifting ” procedures, for everyone practising this 
speciality is bound to encounter cases in which excessive loss of fat, 
due to illness or other causes, has produced a drooping, prematurely 
aged, and dejected appearance, that cannot be remedied by any non- 
operative cosmetic treatment. It is easy to argue that the operative 
treatment of such cases is a prostitution of the art of surgery ; but 
there are many people to whom, in the keen competition of present-day 
existence, such stigmata mean much unnecessary suffering. In many 
instances earning capacity is directly related to appearance ; actors and 
actresses, for instance, can seldom afford to look old . Men who have retired 
from public service, often after years spent in unfavourable climates, 
must supplement their pensions in order to give adequate support and 
education to their families, and have to seek work in the City, where 
first choice of employment is naturally given to those who still seem 
alert and vigorous. Shop assistants, too, find it difficult to obtain or 
retain employment if they show marked or unprepossessing signs of 
middle age. There are also other than economic reasons for these 
operations. There are, for example, numbers of unfortunate people 
who, though not in any way given to dissipation, present a dissipated 
appearance. One has only to listen to the pathetic stories told by 
people in such circumstances to realise how their lives are rendered 
miserable by their disfigurement, and to feel amply justified in carrying 
out the comparatively simple and certainly not dangerous procedures 
which will restore them their self-confidence and peace of mind. 

There are other cases where the procedures are useful. Acne scarring 
of the face, X-ray effects sufficient to cause atrophy of the skin and 
wrinkling without any true dermatitis or necrosis, and depressed scars 
unsuitable for individual excision, may be greatly improved by 
stretching the skin in the same manner. 

The usual excisions for this work are made at the junction of hairy 
scalp and non-hairy face skin, and it is from the latter that the necessary ■ 
excisions are made. Numerous varieties of excisions from hairy scab 


3S2I 



3822 


POST-GRADUATE SURGERY 

apparently devised so that scars can be more completely hidden, have 
been described. In my opinion these have no place in the work. They 
result in the gradual pulling back of the hair-line and the sacrifice of 
hairv sldn, and do not remove skin in the non-hair)* regions where lack 
of tone and stretching is responsible for drooping and wrinkling. 

Most operations of this kind are carried out under local anaesthesia. 
The injection of the solution obliterates normal contour. It is wise, 
therefore, to indicate the line of incision carefully by pen and ink before 
injecting. 

It is dangerous to depict excision areas for this work, for no 
case should be commenced by outlining such areas. The main points 
of upward and backward pull are in the temporal and post-mastoid 
regions. Incisions are made here precisely in the hair-liue. They are 
joined by an incision which passes down in the skin fold in front of the 
ear, around the attachment of the lobule, and upwards and backwards 
in the retro-auricular furrow {fig. 21 14). The lower edge of this incision 
is raised, and undermining of the skin of the cheek and neck is carried 
out on a superficial plane for a greater or less extent according to the 
degree of facial or cervical prolapse. It is sound advice to suggest that 
this undermining should be accomplished by scraping, as it were, the 
deep surface of the skin. If this is done, bleeding is not severe and there 
will be no danger of damaging underlying nerves or other structures. 

The skin flap thus raised is drawn upwards and backwards by tissue 
hooks or tenaculum forceps placed at its temporal and mastoid points, 
and trial is made of traction in different directions to find which gives 
the best results on the cheek and neck. Held in this position by an 
assistant, the flap is incised where it lies over the upper edge of the 
original incision at the two areas of main pull. A single suture of strong 
but fine silkworm-gut is inserted at each of these points. Once these 
are fixed it is easy to trim away the remaining redundant skin and 
complete the suture of the wounds. 

Pull on the ear, and more particularly on the lobule, is to be 
stringently avoided. In most cases it will be found necessary to remove 
onl}* a narrow strip of skin from that part of the flap which overlaps the 
incision in its course around the ear attachments. 

The stitches employed are of the interrupted variety throughout 
for this allows of the early removal of those on which there is no tension 
Occasionally, in cases in which the cheek tissues are particularly hear) 
and pendulous, a long mattress suture of silkworm-gut is employed tc 
take all strain from, and allow earlier removal of, the skin approxi- 
mation sutures. This is passed through the scalp skin a short distance 
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above the incision in the temporal region, picks up the deep tissues of 
the cheek at the limit of skin undermining, and returns to emerge 
through the scalp skin adjacent to its point of entry where it is tied 
over a small button. This suture is retained until the other sutures 
have been removed. 

Ordinarily no drainage need be provided but litematoma formation 
must be avoided at all costs. Definite bleeding points must be liga- 
tured, but buried catgut in so superficial a position is liable to he 
troublesome, and as little as possible should be used. When oozing has 
been persistent during the operation it is wiser to insert drains of twisted 
silkworm-gut in the temporal and post-mastoid regions than to run 
the risk of having to open the wound later to evacuate blood clot. In 
most cases, carefully graduated pressure-dressings over the undermined 
areas, held firmly by crepe bandages, are sufficient. Ice-bags and iced 
hammamelis lotion compresses are used freely to counteract conges- 
tion and bruising. 

In some cases where there is much fulness of skin about the outer 
cantbus of the eye, or where extensive upward pull produces some 
danger of dragging up the outer angle of the palpebral fissure or the 
outer end of the eyebrow, it is found useful to excise a small horizontal 
triangle of skin from the anterior edge of the wound at the level of the 
eye. This distributes the redundant skin more uniformly and leaves a 
scar which is difficult to trace after a very short time. 

Working at the margin of the hairy scalp with hair exposed through- 
out the operation is unpleasant. Quite apart from the risk of infection 
the hair gets very much in the way when sutures are being inserted and 
tied. If a patient is not anxious to make an early reappearance in 
public, limited shaving makes the operation safer from the point of view 
of asepsis and is much easier. The hair-line should be clearly indicated 
either by preliminary marking or by leaving the actual marginal hairs 
cut short hut not shaved. Where this is impracticable, it has been 
found helpful to “ mat ” the hairs together and smooth them away 
from the proposed incision line by a sterilised fixative cream made up 
from tragacanth. 

Pre-auricular sutures arc removed in three days lest they leave 
transverse markings. Cotton wool soaked in collodion is applied over 
the scar line in order to prevent early stretching or damage by the 
movements of the patient. Such protective dressing is particularly 
called for around the attachment of the ear lobule. Other sutures are 
removed, some in five and some in seven days. 
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Double Chin. 

It is seldom justifiable to make a scar in the submental region for 
the removal of excessive fat deposit. Very occasionally, when a deep 
groove, in every way as disfiguring as a scar, is present, a curved trans- 
verse incision may be employed for this purpose. The vertical scar, 
still occasionally seen, is usually keloidal, contracted, and extremely 
disfiguring. 

Eyelid Wrinkles : Upper Eyelids. 

Skin folds in the upper eyelids, giving a heavy, sleepy appearance, 
are readily removed by simple crescentic excisions {fig. 2115). Local 
anaesthesia is employed, and care is taken to place the injections sub- 
cutaneously and to avoid injecting more solution than is necessary. 
The instillation of a few drops of butyn 2 per cent into the eye at 
intervals during the half-hour preceding the operation prevents involun- 
tary movements and removes a great deal of the apprehension other- 
wise present. The excision is planned so that the resulting scar line 



Fig . 2115. — Oferatios for excessive fulness or sin in upper etelids. 

will fall in the natural fold of the eyelid in the open position of the eye. 
It is sound practice to mark out the line of this fold before injecting, 
and to indicate the breadth of the strip which, by trial beforehand, it 
has been shown can be spared without distorting the eyelid margin. 
The skin crescent may be outlined by a scalpel and dissected away by 
scissors ; it may be pinched up in haemostatic forceps and crushed in 
such a way as to make it stand up as a ridge which can then be readily 
removed by scissors ; or it may be both outlined and removed by sharp- 
pointed scissors. The first-mentioned method of removal is inclined 
to give incisions which go too deep and cause unnecessary bleeding ; 
the second is very simple but not sufficiently precise ; the third is 
probably the best method of the three. 

Slight undermining of the edges of the wound, although not always 
essential, allows of more perfect skin apposition. 

The subcuticular suture, always employed in this situation, prevents 
inversion of the edges and provides for easy removal. No knots are 
tied, and the suture ends are left long enough to be fixed down to the 
skin by small pieces of strapping. The sutures are removed in 48-72 
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hours. Iced Pond’s Extract compresses are applied immediately after 
the operation and are renewed at frequent intervals to limit bruising 
and swelling. 

The scar lines left by this operation are invariably good and, when 
correctly placed, become very difficult to find witbin a few weeks of the 
operation. 

Lower Eyelids. 

The removal of redundant skin from the lower eyelids is carried out 
in much the same manner as in the case of the upper eyelids, but here a 
much more careful judgment is required of the amount of skin which 
can be spared without producing eversion of the lid margin. This is 
particularly important in the “ senile ” atonic eyelid, where the removal 
of even a narrow strip of skin may drag the eyelid margin away from 



F<3 2116. — Oruvnos ron excessive or min in lower evelidn. 


its normal contact with the globe and, apart altogether from appear- 
ance, may lead to troublesome epiphora. 

The upper incision is placed very close to the eyelash margin ; in 
this situation the resultant scar is well hidden. In order to prevent 
downward drag, where much skin appears to be Tedundant, and in 
order to tighten up generally the skin of the whole eyelid, it is usual to 
extend the excision downwards at its outer end, as in figure 2116. The 
skin below is undermined for a short distance. Closure of the lateral 
extension of the wound brings the edges of the remainder into jtixts* 
position, and here again a subcuticular suture is employed. 

Eyelid Pouches. 

There is a type of deformity whicli occurs in botli upper and lower 
eyelids, but much more commonly in the latter, which no amount of 
skin removal will correct. It appears to be due to herniation of orbital 
fat into the tissues of the eyelid and takes the form of pouches. These 
disfiguring pouches may present themselves in quite young subjects. 

Bourget and Passot of Paris have advised removal of such fatty 
hernia? through incisions in the conjunctival fornices, but such a pro- 
cedure, fraught as it must be with danger of infection although produc- 
ing no external scar, has never appeared to me to be justifiable. It 
would seem safer to gain access to such fatty collections by reflection 
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of skin and separation of tlie fibres of the orbicularis palpebrarum 
muscle. They are not difficult to isolate and are treated like hernue 
elsewhere. The sac is cleared and opened and its edges are picked up 
in delicate forceps. The fatty contents are freed, clamped, ligatured, 
and removed. The sac is closed by catgut sutures and the muscle-fibres 
allowed to fall back into natural position. 

It is usual to combine some sldn removal with this procedure. 
Post-operative bruising and swelling are more severe than after skin 
removal alone, but the final result is usually very gratifying. 

Forehead Wrinkles. 

There is occasionally a clear indication for carrying out an excision 
from the forehead region — when frown lines or forehead wrinkles are dis- 
figuring. In such cases the incision is again made at the junction of 
hairy and non-hairy skin. The lower edge of the wound is undermined 
to a suitable extent and the skin flap thus raised is reduced and adjusted 
in the manner described for temporal face-lifting. In order to eradicate 
forehead lines and lift drooping eyebrows, considerable undermining is 
required and bruising is usually severe. 

Elliptical excisions placed laterally in the frontal hair-line are 
usually sufficient, if combined with extensive undermining, to eradicate 
vertical frown lines in the glabellar region. It seldom seems justifiable 
to produce a vertical scar in the latter region for the removal of re- 
dundant skin. The remarks already made in reference to submental 
incisions apply to this region also. 

Operations for lengthening or shortening the palpebral fissure are 
relatively simple, but are considered quite unjustifiable except in the 
presence of real congenital deformity. 
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Introduction 

The greater our experience of the practice of surgery, the more we feel 
that the emphasis laid on difficulty moves from the execution of tech- 
nique to the formation of a correct judgment on which our technique 
may be based. During the earlier years of practice it is probable 
that our chief interest lay in the mastery of the actual steps of technique, 
and in the acquisition of deftness and speed. We were fascinated by 
the anatomical scope offered by surgery and our interest was almost 
proportionate to the difficulty and danger of the more serious and 
radical operations. There was a thrill in seeking some deep and secret 
recess of the body. It was an adventure which tested courage, know- 
ledge, skill and decision. The subsequent days or weeks maintained 
the interest as we watched, sometimes with alternating doubt and hope, 
the clean and quick recovery to convalescence. The patient presented 
an exercise in technique rather than a problem of pathology and treat- 
ment. The operation on the lesion was the chief interest, not the 
consideration of the best course which would ensure the recovery of 
the whole individual man. 

When, therefore, we remember the fascination of our early experi- 
ence in surgery it is not surprising that there was a temptation to exalt 
technique, and some of the more mechanically minded amongst us 
never progress beyond this stage. 

But as time passed, the actual operation, while always able to hold 
our whole attention, gradually began to take second place in the general 
survey and treatment of any given patient. The growing familiarity 
with and facility of an oft-repeated performance allowed the much 
greater problem of judgment and pre-operative decision to assume 
the chief part. One of the characteristics of the mature and experi- 
enced surgeon is the greater importance which he attaches to the 
preparatory consideration of the diagnosis, and to the choice of 
the particular operation which will be most calculated to ensure the 
maximum benefit to the patient, both immediately and in the more 
distant future. 

Whereas almost any man who has had a few years’ practice at the 
actual handicraft of surgery can develop a safe and dexterous technique, 
it may require much more time before he has acquired a sound opinion 
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based upon a true clinical insight. In no branch of surgery arc these 
remarks better illustrated than in obstetrics. The actual perform- 
ance of the operations is not, as a rule, difficult, though occasionally 
they may tax all our skill, but the decision of the right course of action 
in an obscure case must be a matter for the most careful thought. 
An obstetric instinct and years of contact with patients in labour are 
necessary before confidence arrives. Knowledge of what to do rather than 
knowledge of how to do it is a relatively late growth in the development of 
our surgical capacity, but it is of the greatest importance to our patients. 

The majority of maternal deaths follow some form of interference, 
and wc can say further that a substantial proportion of these are- 
caused not so much by the technique employed, as by the unsound 
decision which preceded and prompted the operation. There are many 
reasons given to account for these errors of judgment ; in many 
cases it is no more than a matter of saving time during a busy day's 
work which is the incentive to apply forceps. But one of the main 
underlying reasons is a fault in the teaching which tends to emphasise 
its surgical aspect and its mechanical problems, with the result that the 
attitude of mind is formed which finds a need for ** helpful ” interference 
at too early a stage in labour. Our teaching does not sufficiently stress 
the importance of prognosis during labour, which can only he based 
upon a knowledge of function. Our emphasis is not placed upon the 
physiology of uterine contraction and cervical dilatation but upon the 
mechanics of labour. The idea of disproportion of size of the head 
and pelvis dominates obstetric teaching. It is purely a mechanical 
conception, it is taught as such, and is therefore regarded as amenable 
only to a mechanical treatment. We do not teach sufficiently the 
phenomenon of the uterine contraction, the stimulating and inhibitory 
forces at work, the adaptability of the foetal head, the existence of 
pelvic reserve, and lastly but not least the temperamental constitution 
of the individual woman. A better knowledge of these clinical details, 
and therefore of the prognosis of labour, would correct the widespread 
tendency to interfere during labour, and therefore reduce the rate of 
injury, hjemorrhage and sepsis. 

It is the common experience of obstetricians that the majority of 
disasters follow manipulative interference rather than abstention 
therefrom. In other words we may say, “ when in doubt, do nothing.” 
Only the clearest indications for action should prompt an obstetric 
operation, and therefore my account of obstetric surgery will be 
concerned with discussion of methods and choice of procedure rather 
than with the steps of actual technique. 
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Induction of Labour 

The artificial termination of pregnancy after viability is termed induc- 
tion of labour. It is usually carried out before full term, in which case 
it is, strictly speaking, induction of premature labour, but sometimes 
it may be indicated after tlie calculated date of full term to prevent 
further post-maturity. The operation was first performed in 1750 by 
Denman in a case of contracted pelvis as an alternative to Czesarean 
section and craniotomy, which carried, in those days, such a high 
mortality. 

During recent years the operation has been practised very widely, 
not only for contracted pelvis but for many other indications which 
aTe thought to endanger the health or life of either mother or child. 
The comparative ease and safety of the methods in use are partly 
responsible for the prevalence of these operations, but it is doubtful 
if, in many cases, they are actually necessary. The widespread adoption 
of ante-natal care has provided opportunities for the discovery of 
many conditions in many patients as possible indications for induction 
of labour, but not all these conditions are real indications, and there 
is a tendency to see danger in allowing pregnancy to continue 
where none really exists. Particularly is this the case in so- 
called “ disproportion ”, and in certain diseases associated with 
pregnancy. 

It may be true that induction of labour is a comparatively safe 
operation, but it is by no means without risk. Professor Browne ( Lancet , 
1932, ii, 1) states that of the maternal deaths among booked cases 
at several obstetric hospitals one in twenty followed induction of labour, 
while at Queen Charlotte’s Hospital the operation adds 0-23 per cent to 
the average death-rate of labour. It might be urged that if these 
patients had not been treated by induction of labour the death-rate 
from the condition for which induction was employed would have been 
greater, but as experience lias shown us how many times it is per- 
formed for no adequate reason, it is probable that, in the aggregate, 
the results would be better if the operation were done with more 
circumspection. 


3S33 



3834 


POST-GRADUATE SURGERY 


This is not the occasion for criticising ante-natal care, but it is 
undeniable that it has been associated with a continued rise in maternal 
mortality and also with a wider interference with pregnancy, of which 
induction of labour is one feature. We will not fall into the simple 
syllogistic error of suggesting that the above reasoning shows that 
increasing prevalence of induction is a cause of an increasing maternal 
death-rate, but what may fairly be examined is the proposition that 
interference in pregnancy, including induction and Ceesarean section, 
does play a part in the rising maternal mortality. There are some well- 
defined conditions for which induction is a necessary form of treatment 
both for mother and child ; there are others in which it is a matter of 
opinion. In the latter group fall the large number of cases of so-called 
disproportion. How far it is a good or necessary measure for this 
condition I shall discuss more fully in a later section. If the operation 
were entirely harmless tlie discussion would lose most of its point, 
but it has a definite risk not only of morbidity but of death. For 
example, during 1933, 256 cases of puerperal sepsis of all forms were 
admitted to the Isolation Block of Queen Charlotte’s Hospital ; of 
these 12 (4-7 per cent) cases had had labour induced by mechanical 
methods, and 5 patients (42 per cent) died. While other aitiological 
factors such as instrumental delivery were associated, and may have 
played a part, there are at least 3 of the 12 of whom no other factor 
is recorded. Further evidence of actual mortality lias been supplied 
by Browne, who found that of 173 deaths collected from 8 maternity 
hospitals during the years 1927 to 1930 there were 8 due directly or 
indirectly to induction of labour. In these hospitals, which were high- 
grade, well-run institutions, about 1 in every 20 deaths followed 
mechanical induction. If these disasters followed a necessary opera- 
tion for conditions which, if untreated by this method, carried a higher 
risk, there could be little criticism, but it is certain that large numbers 
of cases of ** disproportion ” bad premature labour induced entirely 
unnecessarily. 

There are other criticisms that can be laid against local interference 
as a method of induction of labour. The time elapsing between the 
introduction of the bougie and the onset of labour may be prolonged 
to such an extent that anxiety is felt lest the further retention of the 
bougie in utero may cause sepsis, while the tedium and uncertainty of 
the patient is sufficient to make her unwilling ever to have the operation 
repeated. It is true that the labour pains usually begin within three 
days, but quite commonly the delay may be as much as five days or 
more. If the insertion of a foreign body into the uterus or rupture of 



OBSTETRIC SURGERY 


3835 


the membranes fails after a reasonable time, the local condition is 
unfavourable for the operation of Oesarean section, in view of the 
probability of infection. This difficulty may become serious in certain 
cases of disproportion where failure of induction of premature labour 
subsequently involves Ctesaxean section. 

But, having stated some serious disadvantages of this operation, it 
must be admitted that where it is truly indicated it may be a life-saving 
measure, both for the mother and the child. The conspicuous example 
of success is the treatment of toxaemia, whereby eclampsia and renal 
damage may be prevented. 

During recent years increasing attention has been devoted to so- 
called “ medical ” induction which does not involve the mother in 
any risk. As we shall show later, it is largely unreliable as a means of 
inducing premature labour, though it is usually successful in initiating 
contractions at or after term. 

The ideal method of induction, because of its ease and physiological 
sanction, would be some form of endocrine stimulation of the passive 
uterus. Our knowledge of the precision of action of the endocrine 
bodies, together with the absence of risk of infection, renders a method 
based on this principle highly attractive. The problem is wrapped up 
with that of the cause of the onset of labour and the maintenance of 
uterine contractions, about which we know little at present. Attempts 
to induce premature labour in women have not yet succeeded with 
sufficient uniformity to justify any clinical application. It is the 
obvious direction in which research on the clinical problem of induction 
of labour must be carried on. 

INDICATIONS FOR THE INDUCTION OF LABOUR 
TOX2EMIA OF PREGNANCY 

When the group of diseases generally known as toxaemia are 
unrelieved by medical treatment, it is usually, if not always, imperative 
to terminate pregnancy. At what precise time during the course 
of any given toxaemia labour should be induced must depend upon many 
individual circumstances. Indeed, it may require the most experienced 
clinical judgment to arrive at a decision which, while safeguarding the 
interests of the mother, will also consider the chance of survival of the 
child. Whenever a pregnant woman develops albuminuria and a 
raised blood-pressure, the question of induction must arise, because it is 
seldom possible to cure, or even ameliorate beyond any threat of 
danger, the process of toxcemia. The problem is less whether induction 
shall be done, than when it should be done. A convenient way of 
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discussing the indications for the operation will be a description of the 
various clinical types with which we are confronted : 

1. The first group comprises all those cases which arc first seen after 
the 36 th week . During the last four weeks of pregnancy the child's 
chances of survival are sufficiently good to save us from anxiety on its 
behalf, should induction be necessary. There need, therefore, be no 
desire to defer the operation, and so involve the mother in risk for the 
sake of the baby. In all cases of severe signs and symptoms, such as 
urine heavily loaded with albumen, high blood-pressure, vomiting, or 
marked oedema, labour should be induced at the earliest moment. The 
less serious cases should have a varying period of medical treatment, 
depending on the response of the physical signs, in order to detoxicate, 
as far as possible, before labour is induced ; but if there is the slightest 
sign of deterioration, or if any fresh symptom develops, labour must be 
induced at once. The general Tesult of medical treatment of the milder 
cases is to produce a definite, though limited, improvement within 
48 hours, but, after an initial fall in blood-pressure, reduction of album- 
inuria, and perhaps total disappearance of oedema, it is seldom that there 
is any further progress. The patient is still toxic, and probably still 
liable to eclampsia. 

But even if we can say that the danger of eclampsia has been 
averted, we are still faced by the as yet unknown possibility of the 
danger of permanent damage to the kidney, which may be the result 
of continued albuminuria. The kidney which leaks albumen and dis- 
charges cellular casts is suffering from a functional strain. We have 
clinical evidence, obtained by following up the after-histories of eclamp- 
tic women, that the kidney may be impaired for many years. Should 
we not assume that, even though the sharpness of the strain in con- 
tinued mild toxic albuminuria may not be so great as during the 
attack of eclampsia, yet the very chronicity of a stress of a milder degree 
may also impress a lasting strain on the kidney. I believe, therefore, 
that during the last four weeks it is a mistake to persist with medical 
treatment for more than a few days, even if improvement is quite 
definite. The very small group of patients who lose all their symp- 
toms under the influence of medical treatment may be allowed to 
continue their pregnancy, hut only under the strictest observation. If 
a woman has once hacl albuminuria she is liable to have a recurrence 
at any time until she is delivered. In general we may say that for 
toxfemia arising during the last four weeks, induction of labour will 
be necessary, either at once or after a brief period of detoxicating 
treatment. 
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2. The second group includes those patients who become toxic before 
the 3 6th week. The problem is now complicated by the fact that the 
child may die if delivered prematurely. Indeed, the risk of neo-natal 
death rises sharply for increasing prematurity before the 36 th week. 
On the other hand, we must not forget that the fcetus in utero suffers a 
definite risk due to the influence of toxeemia. This is probably slight in 
cases of true toxeemia of pregnancy, for even in eclampsia there is a 
considerable survival of the children, but if a mistake has been made in 
the diagnosis, and instead of treating toxeemia we are actually dealing 
with chronic nephritis, the child is in grave danger of dying undelivered. 

It is obvious that the earlier in pregnancy albuminuria first appears, 
the greater is the anxiety, partly because of the difficulty of maintain- 
ing the patient until the 36th week, and partly because the earlier it 
appears the more liable it is to be severe and progressive. For example, 
it is seldom possible to defer induction of labour if toxeemia first shows 
itself at or about the 30th week. The risk of persisting in medical 
treatment from the 30th to the 36th week is so great for the majority 
of such cases, that it is unjustifiable, and induction becomes imperative. 
Occasionally we meet with mild cases which react quickly to rest 
and depletion, but such are uncommon. The most difficult of all these 
problems is the patient who is a primigravida after some years of sterile 
married life. There can be few more anxious problems than this. We 
have seen the case of the childless woman, married for many years, 
who has had at least one operation and much other treatment for 
sterility. At long last she becomes pregnant. But about the 32nd 
week the blood-pressure rises and albumen appears. The usual medical 
treatment is successful for the first two days, and certainly reduces the 
symptoms, but they do not disappear and the patient is still obviously 
toxic. Meanwhile induction of labour will almost certainly sacrifice 
the child by prematurity, while continuance of pregnancy involves the 
mother in a steadily increasing risk. Each such problem must be 
considered on its individual merits, which are different in every case. 
There are many intangible factors, inherent in every family, which 
must be taken into consideration before the final decision on induction 
of labour can be made. In some cases these considerations will demand 
that the mother’s endurance must be strained for the sake of the child, 
indeed she may easily decide the problem herself, while in other families 
the special effort must be devoted, by incubator and other unremitting 
care, to the struggle with prematurity. 

The variation of special circumstances makes it impossible to give 
a detailed direction, but the v/riter feels that, where other things are 
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equal, the benefit of decision must always be given to the mother, 
not only if her life is threatened by the menace of eclampsia, but also 
because of the risk that she will carry the burden of nephritis for the 
rest of her life. 

Where symptoms first appear at or after the 34th week, it is often 
possible to maintain the patient by careful treatment based upon daily 
watching of urine and blood-pressure until the 3Gth week, when labour 
can be induced, but if there is an increase in any of the original symp- 
toms — which are usually albuminuria, raised tension, and oedema — 
or if any new symptom appears, such as vomiting, epigastric pain, 
or severe headache, then induction must be carried out at once. 
This rule is generally a safe one to follow in all cases of toxaemia. 
The “basal” state of the patient should be carefully noted after 
48 hours of treatment, and further progress estimated from this datum 
line. We are fortunate in having two signs which are objective, and 
lend themselves to precise measurement. There are also other data 
such as the amount of urine, and its chemical constituents and blood 
chemistry which may also be taken into account, but we believe that 
it is unwise to be guided by chemical considerations alone. It is worth 
noting, in conclusion, that the patient’s feeling of general well-being 
is not a guide to her clinical state. The majority of all women who 
show the three symptoms of raised tension, albuminuria, and cederaa 
up to a moderate degree, never complain of any feelings of illness. In 
fact there may be a spurious sensation of increased vigour, due, possibly, 
to the rise in blood-pressure. This actually may • cause difficulty, 
should the question of induction arise, in persuading the patient that 
the condition is sufficiently serious to demand termination of her 
pregnancy. 

CONTRACTED PELVIS 

We may say at the outset that induction of labour for contracted 
pelvis, or as it is often called “ disproportion,” is one of the chief con- 
troversial topics of obstetrics. The practice of different obstetricians 
varies between the two extreme poles of never inducing labour fr” 
contracted pelvis, and of performing the operation for all cases whei 
the child can he delivered at or after the 36th week. Where opinior 
on lines of action for the same problem differ so markedly, we mu: 
pause to think carefully. Either the results must be so nearly simils 
that either side must he equally correct, or else the practice of obstetrk 
in this country must he such that neither school can be fully awai 
of the results of its own particular procedure. 

In the present section I shall attempt to discuss theoretical considers 
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tions, and produce figures which will provide evidence that induction 
should play only a minor part in the treatment of contracted pelvis. 

In the first place let us attempt to define the clinical meaning of 
contracted pelvis and “ disproportion.” It is important to realise that 
the normal pelvis has a reserve space, or “ room ”, beyond that required 
by the average child for safe passage. This is obvious if we place the 
foetal skull in the dried pelvis in the flexed position. A certain amount 
of contraction, therefore, can occur without causing any embarrassment 
in labour provided, firstly, that it does no more than encroach on the 
reserve, and, secondly, that the child presents by the anterior well- 
flexed vertex. If, however, a pelvis is contracted to the limit of its 
reserve space, there would be Teal difficulty should any other abnormal 
condition co-exist, such as an occipito-posterior position, or a breech 
with extended legs. Manipulative treatment might be difficult, giving 
the impression that we were dealing with a case of disproportion in 
size between the fcetal skull and the pelvis. This view may be strength- 
ened by noting that there is some reduction in pelvic measurements. 
Many such cases are labelled as cases of “ disproportion,” but actually it 
is not so much a case of lack of room in the pelvis, as of malpresentation 
of the head in a pelvis which has no reserve capacity to accommodate 
a mechanical abnormality. It is very true in obstetrics that a woman 
cannot carry two handicaps. She can manage delivery through a pelvis 
which has no reserve capacity, if the presentation be normal and the 
size of the child average, or an occipito-posterior presentation through 
a normal pelvis, but the two conditions together will cause trouble. 
The latter case is one of difficult labour, yet it is not really a matter of 
disproportion, though the suggestion may be strong. The same pelvis 
would pass the same baby in the flexed anterior position without 
difficulty. If, however, the pelvis is contracted beyond its reserve, 
then there will be trouble during the delivery of an average-sized baby, 
and here we have a true state of disproportion. It seems reasonable to 
say that if we can deliver the woman prematurely of a child a little 
smaller than the average we shall compensate for the contraction of the 
pelvis, and thereby enable her to deliver herself easily. There is no doubt 
that this can be done, and is done successfully, but we have to ask our- 
selves amongst other things, firstly, whether there is a greater risk either 
to mother or child if delivered by Csesarean section, and secondly, 
whether induction at or after the 36th week can secure a child small 
enough to pass the brim and outlet of a pelvis which is truly and 
functionally contracted. 

A study of the circumference of the heads of children delivered by 



3840 POST-GRADUATE SURGERY 


induction at or before the 37th week is instructive. A hundred con- 
secutive cases have been taken from the records of a large maternity 
hospital. The results are as follows : 



Circumference of tjie Head 
Maturity 36th and 37 lh teccks 


Circumference 
in inches 

9 

91 10 10} 11 11} 12 12}' 13 131 

14 | 

14* ' 15 

No. of cases | 

l 1 

1 I 

1 2 3 3 | 4 14 , 11 ' 38 | 32 


i | 3 | 


Of these cases, the three of 15 inches were of 3G, 3G, and 37 weeks 
respectively, while other inductions at 36 weeks produced children of 
the cephalic circumference shown in the table. Now the average 
circumference of the fcetal head at 40 weeks is 14 inches, which gives 
an average diameter of 4-45 inches, while the average circumference 
of the head delivered at 36 weeks is 13 inches, giving a diameter of 
4*13 inches. There is therefore an average reduction of diameter in 
the region of 0-32 inch obtainable by induction of labour at 36 weeks. 
Not only is this reduction very small, but we find that of 33 foetuses 
delivered at 36 weeks, 11 (or one-third) had a circumference of over 
13 inches, and 10 below this figure. Two observations can be made 
from these figures : firstly, the wide variation in the size of the head at 
36 weeks, i.c. between 10| and 15 inches, and secondly, that induction 
performed 4 weeks before terra, which is the maximum permissible 
time, will ensure an average reduction of one-third of an inch. 
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The argument, therefore, is that if a pelvis is sufficiently contracted 
to cause serious difficulty at term, it is unlikely that it will pass the 
child at 36 weeks sufficiently easily to give reasonable assurance of the 
easy delivery of a live child. The weights of the children delivered at 
36 weeks are definitely less than those at term, but from the obstetric 
point of view it is not so much the weight of the child as the size of 
its head. 

Much of the good reputation which has been claimed for induction 
for contracted pelvis is based upon the good results which have followed 
the operation performed for pelves which are not functionally con- 
tracted. But if an error has been made in the judgment of capacity 
for delivery, and a difficult forceps extraction becomes necessary for a 
foetus of 36 weeks, it will, because of its greater fragility, suffer much 
greater risk from the stress of delivery than a full-term child which 
undergoes the same stress. 

When considering the relative merits of induction and Caesarean 
section in the treatment of disproportion, we must limit ourselves strictly 
to those cases of induction where there was no doubt that the pelvis 
was actually contracted. Hospital reports contain long lists of cases 
of disproportion where a scrutiny of the details shows that there was 
in fact no disproportion at all. For these patients induction was 
obviously unnecessary, even meddlesome, and the results should not 
figure in any statistical review. The mortality of Csesarean section 
when undertaken before labour for contracted pelvis is about 1 per cent 
to 2 per cent, and for induction the added risk above that of normal 
labour is 0-23 per cent. 

There is, therefore, a definite risk from induction for all cases 
done for “ disproportion,” as against a risk of about 1-2 per cent 
for the deliberate Caesarean operation. But these figures are not a fair 
representation of the relative dangers. It is necessary to exclude all 
those cases of induction for so-called disproportion which did not 
actually exist, as proved by the conspicuously easy and short second 
stages of labour, described in various hospital reports. Where induction 
at 36 weeks is performed for true contracted pelvis, there is a consider- 
able risk of a difficult delivery, and therefore a large enough series of 
these cases treated by induction of labour at the 36th week would 
probably show a greater mortality than the crude figures published 
by the hospitals. 

Between the extreme views held by those who never induce labour 
for contracted pelvis and those who do it "whenever possible, it is likely, 
on general principles, that there is a iia media. The indications of the 
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operation depend, inter alia, upon the shape of the pelvis. The writer 
believes that for the true fiat pelvis which holds the head above the 
brim and overlapping the symphysis it is bad treatment. The mem- 
branes will rupture early with the risk of prolapse of the cord, and the 
frail head of the premature foetus will withstand the stress of moulding 
with little resistance. When the degree of flattening is sufficient to 
cause overlapping of the head at term, it will be probable that much 
moulding will be required to drive it through at or after 3G weeks. 
The problem of generally contracted pelvis is rather different. Here 
we find no disparity of “ fit,” for the shape of the brim is the same as 
that of the normal pelvis. During the last few weeks .of pregnancy 
there will be an optimum moment at wliich the relation of the size of 
the head to the reduced but normally shaped brim will be the same as 
that of the normal head and pelvis at term. Labour at this moment 
should present the same risk therefore as at term, but it is, in fact, 
greater for the child because its softer head is less able to bear moulding. 
Nevertheless we believe that there are many women with mild degrees 
of general contraction who can safely deliver themselves of a child of 
about 6 lb., but who would have great trouble with one of or 8 lb. If 
induction is carried out for these patients, there is little or no risk of 
early rupture of the membranes or prolapse of the cord, as in the case 
of a flat pelvis. 

We would sum up, therefore, by saying that, firstly, the greatest 
care should be taken to be sure that the pelvis really is contracted. 
As we have already said, very large numbers of women have labour 
induced for a disproportion which does not exist. The short period 
of the second stage of labour, the spontaneous delivery, and the 
unmoulded head are evidence of this contention. It is necessary to 
emphasise that the mere high position of the head above the brim 
does not by itself necessarily constitute evidence of contraction. There 
must be evidence derived from examination of the pelvis, not merely 
by measurement, which is misleading, but by careful internal exploration 
of the interior of the pelvic basin by the finger. Even difficulty in 
pushing a high head into the brim is not always a sign of disproportion. 
The difficulty may be due, not only to lack of skill in the manoeuvre, 
but also to an unflexed state of the head. It is a common experience 
that at 36 weeks we may have decided to perform Caesarean section for 
a case of high head which cannot be pushed down, but to our surprise, 
as term approaches, the head becomes fixed and engaged. This change 
may not become obvious until immediately before or even during labour. 

Secondly, we may repeat that disproportion due to the large size 
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of the child’s head where the pelvis is normal is extremely rare. But 
if the pelvic reserve is absent, naturally a large head will be dis- 
proportionate. In practice, however, the woman who has a generally 
contracted pelvis usually has a small baby, and therefore the large 
head is not often a cause of mechanical difficulty so long as it is well 
flexed and occipito-a nteri or. 

True disproportion, or, as it is better termed, contracted pelvis, is 
far less common than many ante-natal workers think, but when it is 
discovered the treatment of choice is usually Caesarean section. The 
fcetal results of induction of labour for contraction are given in the 
subjoined table, showing the risk to the child at the various stages of 
maternity. 

Period of Gestation. I Xo. of Cases. I Fatal and Xeo-Xatal Deaths. 


40 weeks 

120 

19 (15-8 per cent) 

39 „ 

52 

6 (11-5 „ ) 

38 „ . . 

132 

9 ( 6-8 „ ) 

37 „ . . 

47 

5 (10-6 „ ) 

36 „ . 

59 

9 (15-3 „ ) 

35 „ . . 

4 

2 (30-0 ) 

34 „ . . 

12 

5 (41-6 „ ) 

32 „ . . 

4 

2 (50 0 „ ) 

30 „ . 

2 

0 

28 „ - 

1 

0 

24 „ . 

1 

1 (100-0 „ ) 


The general Tesults at Queen Charlotte’s Hospital between the 
years 1908 to 1917 were that of 434 cases the maternal mortality was 
0-23 per cent, of 340 foetuses delivered spontaneously 10-8 per cent 
died, and of 94 delivered by forceps 17 per cent died. 

ANTE-PARTUM HAEMORRHAGE 

All cases of placenta praevia should have pregnancy terminated as 
soon as the diagnosis is clear. It may be a harsh decision where the 
mother has not quite reached 36 weeks, and the first and only bleeding 
has been unimportant. But it is certain that if induction is postponed 
some patient will, sooner or later, suffer the sudden fatal haemorrhage. 
It is useless to expect that rest in bed or any form of treatment can 
exert the slightest influence, as the bleeding nearly always occurs 
while the woman is asleep in bed. 

The case of accidental haemorrhage (abruptio placenta?) is rather 
different. Here the underlying condition is often toxaemia, which, if 
treated, will prevent further bleeding. Other patients have only small 
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trifling hemorrhages which, though they may persist for some days, 
are seldom a cause of danger, and are readily amenable to treatment 
by rest and detoxicating measures. There are some severe cases of 
accidental haemorrhage, again usually due to toxaemia, which must he 
treated by methods which will have, as their immediate object, the 
relief of shock, the arrest of hEemorrhage, and, incidentally, induction 
of labour. It should be clearly understood that neither for placenta 
pnevia nor for grave accidental hEemorrhage should labour he induced 
as a primary method of treating hsemorrhage. Though it is true that 
the result of treatment will ultimately be the termination of pregnancy, 
yet the measures adopted are chosen from the point of view of arrest 
of bleeding and not as the quickest method of inducing labour. The 
onset of labour is an incidental and, indeed, necessary result, but it is 
not the primary consideration. 

THREATENED DEATH OF THE FfETUS 

Occasionally a woman may repeatedly give birth to dead children 
at or about term for no apparent reason. The most careful examination 
for nephritis, syphilis, or deformities, fails to find any evidence of these 
conditions. The mother reports cessation of movements during the 
last 2 weeks, and a few days later a dead baby is bom. The risk of 
yet another still birth may sometimes be overcome by induction of 
labour at the 3Gth week, or at a time just before previous deaths have 
occurred. This is not always successful, but there is a better chance 
of obtaining a live baby than by allowing pregnancy to go to term. 

POST-MATURITY 

The calculated date of labour obviously gives only an approximate 
idea of the real date of full term. Our knowledge of the time of ovula- 
tion makes it clear that 'the end of the 40th week may follow as much 
as 2 weeks after the calculated date of term, and therefore it is not 
possible to diagnose post-maturity until at least 2 weeks have passed 
beyond the woman’s “ date.” Further, there is always the possibility 
that she has made a mistake of even a month in the date of the last 
menstruation. It is probable that real post-maturity is uncommon, 
and that it is not enough tliat the calculated date has been passed, to 
diagnose post-maturity. Until 2 weeks have passed, therefore, there 
is no real indication for interference. Occasionally, however, special 
circumstances of the individual case may warrant induction of labour. 
For example, the woman may be of that nervous or impatient tempera- 
ment which frets at the delay to such an extent that induction must 
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be performed. Or there may be circumstances of nothing more than 
convenience which, in an individual case, may justify the operation. In 
general, however, we may say that during the first fortnight after the 
calculated date nothing should be done so long as the general and local 
conditions are satisfactory. Provided the woman is well, and the head 
either engaged or fairly easily pushed down into a normal pelvis, there 
need be no anxiety during the first 2 weeks. After this, the question 
of post-maturity may actually arise. Should the correctness of the 
date of expectation be beyond a doubt, it is probable that the third 
week past “ term ” represents the first week of post-maturity. A fat. 


Cases of Induction of Labour for Alleged Post-maturity 


Weight. 

j Circumference of i 

head in inches . 

Duration of 
reconil stage. 

10 10 

15 

1.35' 

93 

15 

10' 

75 

li 

40' 

CIO 

15 ] 

1.12' 

84 

15 

37' 

711 

' 141 1 

50' 

7 2 

, is! ; 

1.10' 

8.12 

; ms 

30' 

65 

141 1 

53' 

88 

14 1 

1 0 

6.3 

j 141 

20' 

10 4 

151 

10' 

64 

* 141 

1 30' 

69 

14 

15* 

94 

MJ 

1 0 

88 

15 1 

2.0 

7.7 

? 

1.0 

60 

14 

20' 


sedentary, lazy woman is liable to go beyond her real term — in such a 
case a short period of post-maturity may be expected. Secondly, the 
size of the child and its head should be noted. Whereas it is impossible 
to estimate the weight of the child accurately before delivery, yet 
extremes of size are obvious. If the uterus is clearly small for the 
apparent date, or if the palpable diameter of the head, is not larger 
than normal, post-maturity does not exist or, shall we say, even though 
the scheduled number of weeks have been passed, the maturity of the 
child’s development is not too advanced for its safe delivery. But there 
are some patients in whom the abdomen is distended by a large, tense 
uterus, containing not an excess of fluid but an undeniably large baby. 
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The head also feels wide, large and hard. We feel that for this woman 
labour should be induced at the end of 2 weeks, if not before. As the 
method of choice in these cases is by castor oil and other drugs, there 
is not the same objection to induction as when bougies or tubes are 
inserted into the uterus. 

Evidence of the frequent incorrectness of the diagnosis of post- 
maturity is supplied by the table (on preceding page) of consecutive cases 
of induction for “ post-maturity ”, taken from the records of a maternity 
hospital for 1933 and 1932. The length of all the pregnancies is 
described as “ 40 ” weeks. It will be noted that only 7 out of 1 1 babies 
weighed 8$ lb. or more, and only two could be described as very heavy 
children. The circumference of the head was unduly large in only one 
child (15$ inches), and in this labour the second stage lasted only ten 
minutes, while in the majority this measurement was either within or 
below normal limits. The times of the second stage of labour, all 
spontaneous, are further indications of the absence of the difficulty 
which was anticipated by those who induced labour. 

ASSOCIATED DISEASES 

It is a generally true principle that when pregnancy complicates, or is 
associated with, a pre-e xis t in g disease or one developing during the 
course of pregnancy, it is usually wise to treat the disease and leave 
the pregnancy alone. There are, however, some well-defined exceptions, 
chief amongst which are chronic nephritis, certain cases of cardiac 
disease, diabetes, depression, goitre, and many other conditions repre- 
sented by an occasional example. The individual circumstances of* 
almost every disease may specially conspire to render induction advis- 
able in the exceptional case, but nevertheless it is a general rule that, 
except for nephritis and cardiac disease, induction is seldom required. 
Indeed it is true that in many cases not only should induction not be 
performed, but every effort made to prevent the onset of premature 
labour. This is generally true of all acute infections such as influenza 
and the great majority of all cases of pyelitis. Some diseases may be 
actually “ improved ” by pregnancy, an example of which is hypo- 
chlorhydria, while a notable exception is phthisis, where not only no 
good but actual harm may be caused by induction after the third month. 

In chronic nephritis, however, the condition is definitely exacer- 
bated by pregnancy, not only for the time being, but permanently. 
The mother will suffer by the continuation of her premnanev and 
there will be a large risk of the death of the foetus in utero, at a time 
depending upon the severity of the disease. Induction, therefore, 
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though terminating pregnancy before the child has a chance of sur- 
vival, does not often deprive her of a child which she would have had 
if induction had been withheld. It is probably true that every case of 
chronic nephritis should have labour induced during the last 4 weeks, 
not only for the sake of the mother, but also to save the baby from prob- 
able death in titero. Before the 36th week there may be some effort 
made to treat by medical measures until this date has been reached, 
but, generally speaking, we should say that there is far less latitude for 
temporising than in the case of true toxic albuminuria. Opinions differ 
in respect of heart disease. The problem is not quite the same as in 
induction of abortion. When the child has passed the period of viability, 
every effort should be made by rest, digitalis, and symptomatic treat- 
ment to nurse the heart into some degree of compensated efficiency. 
It may be that by reason of hydramnios or other obstetric conditions 
induction would be advisable, but, as a general rule, it is better to allow 
pregnancy to proceed to term. There are, however, exceptions. For 
example, a multipara with a history of previous easy labours, who is 
finding the last month a great burden, even though in bed, may have 
the membranes ruptured. This, provided other details are normal, will 
ensure that she has a quick and easy labour. In no circumstances 
should labour be induced during any acute attack of heart failure, and 
in all cases only after some days of treatment in bed by digitalis. If 
possible all symptoms of failure, such as irregularity, oedema, albumin- 
uria, and cardiac pain, should have disappeared. 

With regard to all other associated diseases every case should be 
judged individually. Two questions must be asked : First, is the 
progress of the disease advancing by reason of the pregnant state \ 
Second, will the operation of induction of labour actually relieve the 
strain or will it not only add to the stress but also fail to relieve even 
though pregnancy be shortened ? 

INDUCTION OF LABOUR 

Methods 

1. Induction by Drugs. 

The desire to avoid local interference, with its obvious disadvantages, 
has led to many attempts to provoke uterine action by drugs. Of these 
castor oil, quinine, and pituitary extract, together with enemata and hot 
baths, have been used in varying methods and combinations. It is 
probable that quinine has a bad effect on the foetus — evidence has 
been brought forward to show this — whereas its effect on uterine con- 
traction is to render it uneven and not stronger. It should be 
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discontinued. Both castor oil and pituitary extract will frequently start 
contractions at or near to term, and especially if the date of term has 
been passed, but unfortunately this method is most unreliable as a 
means of inducing labour at or before the 38th week. Moreover, it is 
somewhat exhausting for the woman, especially when it has to be 
repeated. In the writer’s opinion it is of little value except for post- 
maturity, or as a means of starting labour at term for the sake of con- 
venience. There are some cases of toxaemia which may be so treated, 
but, as a rule, a better method is rupture of the membranes. 

A specimen of the time-table of the so-called drug induction is as 
follows : 

8.0 a.m. Castor oil II ounces. 

12.0 noon. Simple enema. 

2.0 pm. Pituitary extract 5 units. 

3.0 p.m. ,. 5 „ 

40pm. „ „ 5 , 

The injections of pituitary extract may be repeated each hour with- 
out danger, but if no contractions appear in response to these injections, 
it is useless to repeat them. Occasionally, a few slight pains will follow 
about ten minutes after each injection, only to die away in half an hour. 
Should this occur, it is worth while repeating the whole treatment in 
48 hours. The results are as follows : 

Of 50 cases for whom this method was used at or before the 3$th 
week, it was successful in provoking contractions in 34 (or GS per cent). 
Wien the method is successful, pains usually begin during the course 
of treatment, or, if not then, within a few hours after the last in- 
jection. In some clinics thymopliysin is used instead of pituitary 
or pitocin, but there seems to be little difference between the two 
preparations. 

2. Rupture of the Membranes. 

This is probably the oldest method which has been employed. 
During recent years it has been revived as an alternative to the use of 
bougies or stomach tube, and favourable reports have been published. 
There has been a theoretical prejudice against artificial rupture of the 
membranes because of the fear of depriving the cervix of its natural 
dilator, and so delaying the first stage of labour. If delay occurs, other 
dangers also arise such as prolapse of the cord, pressure on the foetus, 
and infection. It is a fact, however, that nearly all multipara? and very 
many primigravidre whose membranes rupture at the beginning of 
labour not only have no delay, but may even have a quicker labour 
than normally. 
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But though for certain cases it is a successful and generally satis- 
factory method, yet it is important that the cases should be carefully 
chosen. If the head is engaged in a normal, flexed, anterior position, 
and especially if the woman is a multipara, rupture of the membranes 
is the easiest, quickest, and most certain method of inducing premature 
labour. The cases which present these favourable conditions and 
which require induction are chiefly those of toxaemia, and, in addition 
toxaemia is sometimes complicated by hydramnios, for which rupture 
of the membranes is good treatment. The escape of excessive fluid 
frequently has a beneficial effect on toxremia, apart from any other 
treatment, which is a further reason for rupture of the membranes. 

But for disproportion or contracted pelvis the conditions are very 
different. Here the head is high, and rupture of the membranes before 
labour will leave no dilating surface to occupy the cervix. This alone 
tends to delay the onset of useful contractions. The high head will also 
not form the normal barrier to prolapse of the cord, or to the escape of 
all the liquor amnii. The uterus is then “ dry,” and the baby is grasped 
dangerously by the contracting fundus. Rupture of the membranes is 
a useful method for post-maturity and for most cases of associated 
diseases for which labour must be induced if drugs have failed. This 
minor operation may be difficult unless the patient is in a convenient 
position, often under an anaesthetic, and there is a good light and 
suitable instruments. In order to be sure of cleanliness it is necessary 
to operate by sight, through a speculum. This can usually be done 
in multipart without an anaesthetic, but primigravidee may be too 
intolerant of the discomfort. 

The procedure is as follows : The woman may have to be anaesthet- 
ised. She is placed in the lithotomy position or on her left side, 
according to the custom of the operator. The vagina is swabbed with 
iodine, or perhaps better with dry sterile gauze. The cervix is lightly 
held by vulsella, and a pair of toothed forceps or vulsella is passed 
through the os, and opened and closed gently on the fcetal head. This 
usually means that the membranes will be caught and broken, but 
it may be necessary to make several attempts before they can be 
ruptured. It is useless to push in a blunt instrument like a sound, for 
the amnion is usually too tough to yield. A primigravida may require 
a little dilatation of the cervix before toothed forceps can be introduced. 
After the escape of liquor shows that the membranes have been 
punctured, the head should be held up off the os by the finger to allow 
the escape of a portion of the liquor. Unless this is done, the liquor may 
dribble away so slowly that the uterine contents are not reduced quickly 
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enough to stimulate the rapid onset of pains. The results of this method 
are as follows : 


Parity. 

| Average time 
onset of pain. | 

Extremes of 

1 times before , 
onset of pain. 

Average 

I duration 
of 

1st Stage. | 

Shortest 
1st Stage. 

j longest 
1st Stsge.j 

duration 

1 of 

2nd Stage. 

26 Primip. 

14 h. 25' 

Long. 

, 88 b. 

Short. 

lb. 

16 h. 13' 

1 b. 20' 

72 h. 

3 b. 8' 

21 Multip. j 

12 h. 55' 

66 h. 

ih. 

6h. 28' j 

1 h. 10' 

23 h. J 

30' 


There was no maternal mortality. 

Still births and neo-natal deaths — 20 per cent. 

Inductions were performed for disproportion, post-maturity, tox&nua, pyelitis, 
hydramnios (1 case), and cardiac disease (1 case), and no other method was used 
for this series but rupture of the membranes. 

A glance at the table shows a reasonable time before onset of pains, 
and a first stage not differing from that of normal labour. The long 
extremes of times in both cases were exceptional. The foetal mortality 
was high and was associated with the following conditions : 


Albuminuria .... 9 

Dead foetus before labour. . 3 
Eclampsia .... 2 
Post-maturity. . . 1 

Hydramnios .... 1 

Anencephaly .... 1 
Graves’ disease . . .1 

Unstated . . . .2 


3. Bougies { Krause's method). 

The principle of this method is the introduction of a foreign body 
into the uterus whereby irritation will set up contractions. For many 
years this has been the method of election in a)} cases requiring induc- 
tion, but recently it has to some extent been supplanted, especially in 
hospitals, by drugs or rupture of the membranes. It is chiefly useful 
where it is desired to retain the membranes intact, as for contracted 
pelvis, or where drugs have failed, or before the 38th week when drugs 
are not likely to produce labour in more than 68 per cent of cases. 
It is carried out as follows : In order to ensure asepsis, an amesthetic 
is usually necessary, and, as before, the patient is placed in the litho- 
tomy position and disinfected. The cervix is lightly held by vulsella, 
and sometimes requires dilatation. If possible the finger is passed 
through the os in order to separate the membranes around the os. 
This may have some effect in stimulating the onset of pains. Four 
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bougies of gum elastic are now carefully passed, one by one, through 
the os until their heels are well within the uterus. The vault of the 
vagina is then lightly packed with gauze soaked in acriflavine. Bougies 
should be sterilised by keeping them in a long glass tube saturated with 
formalin vapour. Special glass containers are made for this purpose, 
or, if not available, the bougies should have been kept overnight 
in a solution of biniodide of mercury, 1 in 500. Heat renders them 
too soft for use. Certain difficulties are occasionally encountered • 
resistance to the passage of the bougie may be felt after it has passed 
two or three inches within the os. This is almost always due to its 
impinging on the edge of the placenta. No further force should be used 
but other bougies inserted in different directions. Occasionally a brisk 
hEemorrkage occurs as the bougie is being passed. This indicates that 
it has passed under the placenta. It should be removed at once the 
membranes ruptured, and the vault of the vagina packed unless the 
bleeding stops quickly. It usually ceases almost at once, and no serious 
results ever follow. There is very little danger of sepsis if the bougies 
have been carefully sterilised, if they have been passed straight into 
the cervix without touching the vagina, and if the cervix is uninfected. 

The chief disadvantage of this method, apart from the fact of local 
interference, is the uncertainty of the time of onset of contractions. 
Pains usually begin within three days, and often within twenty-four 
hours if the patient is near to term, but it sometimes happens that 
five days have passed and still labour has not begun. On the fourth 
day it is well to give a large dose of castor oil, and on the fifth day 
to remove the bougies and rupture the membranes. A further disad- 
vantage of the method when it fails after having been done for con- 
tracted pelvis is that the presence of the bougies within the uterus for 
five days renders Caesarean section an unsafe operation because of the 
danger of infection. 

4. The Hydrostatic Bag . 

Many varieties of water-filled rubber bags have been invented for 
introduction through the os into the lower segment. The best known 
are those of de Ribes and Horrocks, but there are others commonly used 
which are simple rubber balls, filled through a long tube, and containing 
about 4 or 6 ounces. The de Ribes bag, made of silk and rubber and 
shaped to occupy the lower segment, contains 17 ounces. It is intro- 
duced by a special forceps- holder through the cervix, which, after the 
membranes have been ruptured, must be dilated to allow two fingers 
to pass. It is then slowly filled by a Higginson syringe. It displaces 
the presenting part and lies accurately in the lower segment. The 
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presence of so large a foreign body within the lower segment quickly 
stimulates the onset of contractions and dilatation. The de Ribes bag 
is seldom used for inducing labour, except for certain cases of placenta 
pnevia, but even for this it has been largely given up in recent years. 

There is less objection to the use of the small round bag, which is 
somewhat smaller than a tennis ball. A good form of this is the ball 
pessary. The os need not be larger than will admit one finger, the 
membranes need not be ruptured, and it does not displace the present- 
ing part so greatly as the de Ribes bag. It is quite certain in its effect, 
for the onset of labour is rarely delayed beyond 24 hours. 

There are, however, various objections to the use of bags. They 
perish easily and are therefore liable to leak. This, apart from destroy- 
ing the essential value of the apparatus, involves a danger of sepsis. 
The introduction of the bag always requires an amesthetic and some 
dilatation of the cervix. It is possible for the bag to be displaced to 
one side, allowing the head to descend and press upon the neck of the 
bag, thus preventing it from being expelled, while the presence of the 
bag also prevents the head from dilating the os. A form of obstructed 
labour can thus arise. The only advantage of the de Ribes bag, apart 
from its use for placenta pnevia, is for those cases of disproportion where 
the head is high and cannot come down to dilate the os until it has been 
well moulded. This bag will dilate the os to a diameter of 3 inches 
dnring its expulsion, and so prepare the way for the descent of the head. 

On the whole, bags are not used much for induction of labour. 
Simpler methods should be employed. 

5. Endocrine methods. 

Experiments on animals with the ovarian hormones raised the hope 
that it would be possible to stimulate the onset of labour by giving 
injections of cestrin. The earlier experiments all failed because the dose 
was too suia'A. Rut doses up to one million .units have failed in the 
writer's hands, even when combined with pituitary extract. It is 
possible that still larger doses may succeed, but though there is a promise 
in this direction there is no certain evidence that human premature 
labour can be induced by cestrin. 



CHAPTER II 


Version 

Version is probably one of the oldest of all obstetric manipulations. 
It is concerned with changing the presentation of the fcetus, either 
because its deliver} 7 in the unaltered position would be difficult, or 
because the new position would form a useful treatment for placenta 
praevia, flat pelvis and other conditions. The varieties of the manoeuvre 
are described as external, bi-polar, and internal. 

EXTERNAL VERSION 

Before or at the onset of labour the child may be turned by manipula- 
tion of its head and breech, applied through the abdominal wall. It is 
nearly always done to change a breech presentation into a vertex, 
but occasionally for placenta pnevia to produce a breech presentation, 
preparatory to pulling down a leg. For breech presentation it is the 
usually accepted treatment if the presentation is discovered before the 
38th week, but after this date it is often impossible owing to lack of 
easy mobility of the child. The difficulties attending successful version 
are due to extended legs, relative lack of liquor amnii, twins, and tense 
uterine or abdominal walls. Sometimes an anaesthetic will enable it 
to be carried out successfully by abolishing the tone of the abdominal 
wall. Engagement of the breech within the pelvis, usually associated 
with extended legs, is a frequent cause of difficulty, though this can 
often be overcome by using the Trendelenburg position and an 
anaesthetic. The rate of success in all attempts is as follows : 


Total No. 1 
ol cases. 

Failure. ' 

j Number turned 1 
1 under anesthesia j 

Spontaneous version j 
before term, alter failure 

Shll birth following 
failure of version 

233 

42 

(18%) 

55 

(23%) 

10 (out of 42) j 
(24%) i 

11 (out of 42) 
(26%) 


These figures show a higher rate of success than is usual, and 
probably a higher tendency towards the use of anaesthetics than in most 
clinics. It will also be noted that, even when external version fails, 
about a quarter of the cases undergo spontaneous version. Whether 
this would have happened in any case, or whether it is a result of the 
3S53 
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disturbance of tbe foetus caused by the efforts to turn, cannot be stated, 
but it may be assumed that, even if there is little prospect of turning 
the child, it is worth while making the attempt, for even if it fails, 
spontaneous version can occur during the following few days. The 
raison d'etre of the operation is based upon the high mortality of children 
delivered by the breech. In some clinics this is as high as from 20 
to 30 per cent. The mortality of children delivered by the vertex 
is much lower, and hence the advisability of changing the presentation 
wherever possible. But it must not be assumed that the fcetal death- 
rate of the vertex deliveries after version is identical with that of normal 
vertex. Figures published by Wrigley (B.M.J., May, 1934, 893) 
state that, of 45 patients for whom version was performed under 
anaesthesia, 10 had still-born children, usually macerated. That is, 
the fcetal mortality of vertex delivery after successful version under 
anesthesia was as high as 21 per cent. Of 19 cases in which version 
failed, all the children were bom alive ! There are definite dangers 
attending external version when it is performed without care. Too 
forcible manipulations are liable to separate the placenta, or even 
to damage the uterine wall. The fcetus is always distressed to some 
extent during the manoeuvre, as can be shown by the state of the fcetal 
heart both before and after. It is probable that too rough or prolonged 
efforts may kill the fcetus, or a true knot may be formed in the cord. 
A safeguard against too forcible handling of the uterus is the woman’s 
sensation of pain, which is not available if the patient is anaesthetised. 

In addition to breech presentations, all shoulder presentations 
should be turned to the vertex position wherever possible. 

METHOD 

The time of election is at or about the 36th week. Before this time 
the fcetus is liable to undergo spontaneous version, whereas afterwards 
the relative size of the child to the amount of liquor amnii increases 
sufficiently to destroy its mobility. The woman is best placed in a alight 
Trendelenburg position, and according to the opinion of many it is an 
advantage to anaesthetise her. The writer’s own belief is that it is 
safer not to give an amesthetic. The abdomen is examined to find the 
lie of the child, as it is important to turn the child in the direction in 
which its face is looking in order to keep the foetus flexed. The operator 
stands on the side on which is the child’s back, and applies both hands 
to the breech in an attempt to lift it out of the brim on to the iliac 
fossa (fig. 2117). This may be impossible, and if so, then no further 
efforts to turn it will succeed. When the breech has been brought on to 
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the iliac fossa it is held there by one hand, while the other hand presses 
down the head to bring it towards the brim (fig. 2118). At the same 
time the breech is lifted up towards the fundus (fig. 2119). The move- 
ments imparted to the foetus should be more those of intermittent 
than of continued pressure. It is often possible to bring the child into the 
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presentation into a breeelr, generally with the object of bringing down 
a leg. The chief indications are selected cases of placenta prsevia, 
prolapse of the cord and face, and brow or shoulder presentations. When 
first introduced by Braxton Hicks it was a considerable addition to the 
manipulative treatment of obstetrics, especially for placenta prrevia, 
and, in those days, for flat pelvis. In recent years, however, it has been 
less used, chiefly because many of these abnormalities are treated by 
Csesarean section or by other methods. There is no doubt, however, that 
it is a very valuable method for dealing with many cases of placenta 
prsevia, and it is probable that in time it will again figure in the reports 
of maternity hospitals. The statistical results for the mother are good, 
but for the child they arc not so promising, chiefly because it is usually 
undertaken for quite premature children whose chance of life is in any 
case slender. Despite the increasing use of CVesarean section and its 
prima facie appeal to the obstetrician, there is a definite field for the 
practice of bi-polar version in the treatment of placenta prsevia. A mul- 
tipara, first seen when the os will admit two fingers, with a placenta felt 
at its margin or even completely covering it, and of maturity of 3G weeks 
or less, is usually a suitable case for treatment by bi-polar version. If 
such a patient, who has already suffered sufficient hemorrhage to produce 
an obvious anemia, is found in circumstances where laparotomy would 
be unwise, or transport difficult, bi-polar version is by far the safest 
treatment. We would go further and say that the graver the anemia, 
the wiser it is to perform a manoeuvre which will certainly arrest 
further bleeding and involve the least shock. The real disadvantage of 
the method is actually its difficulty. In some cases where the os easily 
admits two fingers and the child is small and mobile it is a simple 
manoeuvre, but it is often difficult enough to occupy several minutes, 
and so provoke further bleeding from the lower segment. This is the 
crux of the difficulty. The disturbance of the os, placenta and lower 
segment will cause additional bleeding, and if version requires more 
than a few minutes a fatal haemorrhage may occur. A considerable 
advantage of the method is that when the leg has been brought down 
there is almost no risk of further hemorrhage. It is impossible or un- 
suitable before the os will admit two fingers or when it is large enough 
to admit the whole hand for internal version, also if the child is large 
enough (or the liquor has escaped) to render it immobile. Free mobility 
is a necessary condition for performing the method safely and 
expeditiously. 

Other indications for which it might be advantageous to convert 
a vertex to a breech presentation when the os will only admit two 
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fingers are certain cases of face and brow presentations, prolapse of the 
cord, and flat pelvis. As flat pelvis may be found associated with these 
presentations as a cause thereof, it is important, before version is 
contemplated, to be sure that the degree of contraction is not so great 
as to make safe delivery of the after-coming head impossible. Version 
for flat pelvis, apart from associated malpresentation, was often 
employed formerly as a sound method of treatment, and many of the 
more senior practitioners of to-day still favour it. Provided that the 
true conjugate is not too seriously contracted, say, not below 3| inches, 
there is a mechanical advantage in extracting the after-coming as 
opposed to the fore-coming head because of the narrower wedge offered 
by the after-coming head to the pelvic brim. "Where brow presentation, 
uncomplicated by flat pelvis, is first seen after the woman has been in 
labour long enough to dilate the os to the size of two fingers, bi-polar 
version may, by abolishing an obstructing position of the head, be the 
least risky method of delivery. Face presentation should be delivered 
as such, provided that the pelvis is normal, but if, as often happens, 
there is a mild degree of flat pelvis, version may be considered as the 
best method of overcoming both the malpresentation and the pelvic 
contraction. The ideal combination of circumstances as an indication 
for bi-polar version must, however, be very uncommon in these days 
of ante-natal examination and Caesarean section. 

The case of prolapse of the cord is rather different. If the pelvis 
is normal or mildly flat, and the cord cannot be successfully pushed 
up, the tendency for the cord to prolapse can be prevented by turning 
the child and pulling a leg through the as yet imperfectly dilated os. 
Such treatment is specially indicated where the pelvis and the child 
are of normal size and the woman is a multipara. The point against 
version is that we are thereby producing a presentation which carries 
a high degree of risk for the child, but if the cord cannot be maintained 
above the presenting part, the child will certainly be lost unless some- 
thing drastic is done. In general, it may be said that bi-polar version 
competes with Caesarean section as a method of treatment, but because 
of the extended scope of this operation by the technique of the lower 
segment incision, bi-polar version has been less and less employed during 
recent years. There is no doubt, however, that the stage of labour at 
which bi-polar version may be called for is often one carrying much 
risk if Caesarean section is performed, and version is undoubtedly the 
safer method. This is particularly the case in placenta praevia where 
the placenta is marginal, and the baby is premature and small. This 
may also apply to some cases of prolapse of the cord where, other things 
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being normal, the child is already in a condition of distress. The 
chance of delivering a live child, already shocked or distressed, by 
Caesarean section is small, whereas, though version may add something 
to the shock, yet the rest in nlero which follows version with the cord 
replaced will allow sufficient recovery before the stress of delivery is 
at hand. If the child is in good condition and the membranes have not 
ruptured for more than two hours, and if there has been nothing but 
the minimum and cleanest vaginal examination, then Caesarean section 
is, on the whole, the better treatment, but if the child’s chances are 
poor, and if the mother is a case of “ suspect sepsis,” then, as a rule, 
bi-polar version is the better method for the indications already 
mentioned. 

METHOD 

Certain conditions of labour must be present for the successful 
performance of bi-polar version. For example, the os must be laxge 
enough to admit at least two fingers, and the child must be freely 
movable. If the membranes have been ruptured long enough to allow 
the liquor amnii to drain away, and if, in addition, the uterus is con- 
tracting firmly on the child, it will not be sufficiently mobile to allow 
of version under the comparatively feeble impulse that can be effected 
by the action of two fingers. For this is one of the chief difficulties of 
bi-polar version. Two fingers passed through the os cannot press 
strongly enough on the accessible part of the fcetus, and if it is not 
readily mobile it cannot be turned. 

A second difficulty is inaccessibility of the child’s elbow or knee. 
These parts of the body may not be reached sufficiently easily by 
the tips of the fingers to receive a strong enough thrust. But despite 
these two chief difficulties, the operation is simple and can be quickly 
performed in properly chosen cases. 

The steps of the technique are as follows : A careful abdominal 
examination is made to determine on which side lies the back, for, if 
the hack is to the right, the operator must use his right hand, and Iris 
left hand when the back is to the left. The woman is anaesthetised, 
set in the lithotomy position, disinfected in the usual way, and 
catheterised. If the position is such that the back of the foetus lies to 
the mother’s right, the operator passes his right hand into the vagina 
and two fingers through the os. If the membranes are intact they are 
ruptured, and the head is pushed into the right iliac fossa (fig. 2120). 
Meanwhile the operator presses the fundus of the uterus firmly to 
push the breech down and to the left. When the head has been dis- 
lodged into the iliac fossa, pressure by the left hand on the breech 
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INTERNAL VERSION 

WTjf'n tho .,•> is dilated enough to admit the whole hand, vern 
ran be performed by parsing it towards the fundus, grasping a footd 
bringing it stiaight down to, and through, the os. It is therefore ml’? 
pti-Miili to unpl.n this method towards the end of the fr«t 
I n«h r suitable (cm. bt tons it is a safe, quick, and easy operation, k* 
d the .in i us 1-, tmiilv contracted after a long obstructed labour its 
ughK Udng<"-im- in that it is likely to rupture the lower segment d 
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being normal, the child is already in a condition of distress. The 
chance of delivering a live child, already shocked or distressed, by 
Caesarean section is small, whereas, though version may add something 
to the shock, yet the rest in utero which follows version with the cord 
replaced null allow sufficient recovery before the stress of delivery is 
at hand. If the child is in good condition and the membranes have not 
ruptured for more than two hours, and if there has been nothing but 
the minimum and cleanest vaginal examination, then Caesarean section 
is, on the whole, the better treatment, but if the child’s chances are 
poor, and if the mother is a case of “ suspect sepsis,” then, as a rule, 
bi-polar version is the better method for the indications already 
mentioned. 

METHOD 

Certain conditions of labour must be present for the successful 
performance of bi-polar version. For example, the os must be large 
enough to admit at least two fingers, and the child must be freely 
movable. If the membranes have been ruptured long enough to allow 
the liquor amnii to drain away, and if, in addition, the uterus is con- 
tracting firmly on the child, it will not be sufficiently mobile to allow 
of version under the comparatively feeble impulse that can be effected 
by the action of two fingers. For this is one of the chief difficulties of 
bi-polar version. Two fingers passed through the os cannot press 
strongly enough on the accessible part of the foetus, and if it is not 
readily mobile it cannot be turned. 

A second difficulty is inaccessibility of the child’s elbow or knee. 
These parts of the body may not be reached sufficiently easily by 
the tips of the fingers to receive a strong enough thrust. But despite 
these two chief difficulties, the operation is simple and can be quickly 
performed in properly chosen cases. 

The steps of the technique are as follows : A careful abdominal 
examination is made to determine on which side lies the back, for, if 
the back is to the right, the operator must use his right hand, and his 
left hand when the back is to the left. The woman is anaesthetised, 
set in the lithotomy position, disinfected in the usual way, and 
catheterised. If the position is such that the back of the foetus lies to 
the mother’s right, the operator passes his right hand into the vagina 
and two fingers through the os. If the membranes are intact they are 
ruptured, and the head is pushed into the right iliac fossa (fig. 2120). 
Meanwhile the operator presses the fundus of the uterus firmly to 
push the breech down and to the left. When the head has been dis- 
lodged into the iliac fossa, pressure by the left hand on the breech 
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brings the elbows within reach of the two fingers, which, in their turn, 
are also pushed towards the right iliac fossa (fig. 2121). If the child 
is not freely mobile within the uterus, this movement is difficult and 
may be impossible, but in successful cases the displacement of the elbow 
to the right pushes the head out of the iliac fossa into the flank. The 
fcetus is now transverse, and above the fingers lies the abdomen. Further 
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METHOD 

The woman is anaesthetised and prepared as already described, 
and the gloved hand is passed slowly up through the cervix, dis- 
placing the head or shoulder to the side on which lies the back. The 
operator may use either hand according to the side of the child’s back. 
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INTERNAL VERSION 

When the os is dilated enough to admit the whole hand, version 
can be performed by passing it towards the fundus, grasping a foot and 
bringing it straight down to, and through, the os. It is therefore only 
possible to employ this method towards the end of the first stage. 
Under suitable conditions it is a safe, quick, and easy operation, but 
if the uterus is firmly contracted after a long obstructed labour it is 
highly dangerous, in that it is likely to rupture the lower segment of 
the uterus. 

Indications. Now that Ca?sarean section is so widely used for 
abnormal conditions, internal version is not employed as Touch as 
formerly. Ante-natal treatment has also reduced its application by 
correcting tbe shoulder presentation, but there are still cases seen for 
the first time in which the os is nearly fully dilated, where internal ver- 
sion is ideally useful. The chief example of these is the shoulder presen- 
tation. If the uterus relaxes between tlie contractions sufficiently to 
allow the foetus to be moved easily, the operation is simple and safe, but 
if the lower segment has already been unduly stretched by strong con- 
tractions which do not relax their grip on the foetus, the attempt to 
turn is dangerous because tbe thin lower segment will almost certainly 
be raptured. 

If tbe conditions are suitable, internal version may be performed for 
hroir and cord presentations, if other methods have failed. There are 
also a few rare cases of placenta praria which have not been previously 
or adequately treated and in which luemorrhage is still threatening. If 
in such patients the os will admit the hand, a rapid internal version can 
be carried out, the breech can he pulled well down into the pelvic cavity, 
and then left alone for spontaneous delivery. In former days it was 
performed in order to deliver rapidly for eclampsia and other distressing 
conditions of the mother. It is recognised now, however, that rapid 
delivery is the worst possible treatment for eclampsia and for any other 
condition in which such shock would be dangerous. Internal version to 
produce a breech presentation has been used by Potter of Buffalo for 
delivering the great majority of all foetuses presenting by the vertex. 
He claims that it abolishes the long delay of the second stage, and so 
saves the mother pain and fatigue. He also claims that his results 
compare favourably with normal labour. By long practice Potter him- 
self has become extraordinarily adept at the manoeuvre of delivery by 
version, as tbe writer can testify by having seen him at work, but it is 
unlikely that his method will ever be adopted on a large scale. 
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METHOD 

The woman is anaesthetised and prepared as already described, 
and the gloved hand is passed slowly np through the cervix, dis- 
placing the head or shoulder to the side on which lies the back. The 
operator may use either hand according to the side of the child’s back. 
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If the back is to the left, use the left hand. The passage of the hand 
into the uterus is liable to stimulate contractions, which render it 
necessary to keep the hand still until the pain has disappeared. The 
anaesthetic may have to be deepened if the uterus is irritable. Jn any 
case, the hand is manoeuvring in a confined space, and, if there is any 
difficulty, the operator may find that it becomes almost paralysed with 
fatigue. The object is to grasp a knee (fig. 2124) and then the foot, 
which is gently pulled down towards the os between the pains. In 
shoulder presentations it is important to grasp the lower knee or foot 
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contraction has become established the lower segment is stretched and 
thin and unable to bear any increased tension. No amount of relaxa- 
tion of the tonically contracted fundus by anaesthesia or other means 
will alter the attenuated condition of the lower segment. It is a semi- 
paralytic condition and is incapable of recovery for many hours. 
Herein lies the failure of adrenalin to relax the uterine condition. While 
it may inhibit the fundal contraction, though never sufficiently when it 
has become tonic, the lower segment is incapable of recovering its 
thickness and normal resistance. 

If the uterus is merely “ irritable ” but not in a state of tonic 
contraction, the lower segment may not be dangerously thin. Sufficient 
anaesthesia is capable of abolishing the irritability and rendering the 
operation safe, but in all cases of labour which has been prolonged 
there is a risk of the lower segment having become dangerously thin. 
Internal version should never be attempted for any case in which 
Bandl’s ring — the groove between the thick upper segment and the 
thin lower segment — can be felt or seen. 



CHAPTER III 
Forceps 


Varieties. 

There are four types of forceps in use to-day : 

1. The short straight forceps is the direct representative of the original instru- 
ment invented by Chamberlin in 1G00. It has no shank and no pelvic curve, and 
is therefore smaller aud lighter than the long curved forceps. It is seldom used 
now, but there is no doubt that it is a useful and comparatu ely safe instrument for 
extracting the head when it is lying on the perineum. 

2. The long straight forceps is the instrument most commonly used to-day. It 
differs from the short variety by the interposition of a shank 2 1 inches long between 
the handle and the blade, and by having a pelvic curve of the blades. It is this 
curve which adapts the instrument to fit the birth canal and so allows it to be 
applied to the head as it lies high up in the pelvic canty. 

3. Axis-traction forceps (fig. 2127) aresimilar to the longcurved forceps but have 
in addition an arrangement of traction rods by which the head can be pulled down 



in the direction of the birth canal at whatever level the head may be lying. It is 
< esipu-d or use when the head is high or in the brim, in order that traction may 
he nude downwards and backwards If, when the head is high, the ordinarv 
forceps are used the direction of traction will direct the head not only downwards, 
but also forward, against the symphysis, whereby much of the mechanical 
advantage of the traction i, lost. .Wtraction forceps are used less now than 
formerly In new of the tendency to use the forceps only when the head is low 
in the cavity, but though they have been condemned a, dangerous, there are cases 
nu ' lT " al ’ 1 ’ r ' Vh ™ ,he head U at ” through tie brim. In 

Tf tlie hTrth y l 7 , ° f tracl,on ™„ the head he pulled in the direction 

of the birth canal, that is. downwards and backwards. 
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4. Ktelland's forceps is a special instrument differing considerably from the 
ordinary types. A description of its details and use will be found on page 3880. 

CONSTRUCTION OF THE FORCEPS 

The essential features of ordinary long curved forceps are : 

(a) The instrument should be entirely made of metal, and sufficiently firm to 
be almost completely .rigid without any risk of bending under moderate strain. 
There should be a little “ give ” at the tips of the blades. If the instrument is 
too light the blades or shank may bend. On the other hand, it should not be too 
heavy, as, for example, Tamier’s forceps. This is a valuable instrument for a really 
difficult extraction, but for ordinary work it is dangerously heavy. 

(5) The measurements of the various parts of the instrument are more or less 
standard. The handles should be 5 inches long, the shanks 2\ inches long, the 
distance between the tips of the blades 1 inch, and the distance between the widest 
part of the blades 3£ inches. 

(c) The instrument should be fitted with detachable, axis-traction rods. If 
the axis-traction mechanism is not required, the forceps can readily be used in the 
ordinary manner for delivery of the head when lying low in the pelvic cavity. 
The rods are jointed between their attachment and the traction handle in such a 
way as to allow free movements of the blades. 

There are several different varieties of forceps on the market. In my 
opinion Williamson’s is the best instrument. The advantages of these forceps 
over others are that the traction-rod mechanism is simple and derives its pull from 
the base of the fenestra of the blades and not from the handle (as in Neville’s and 
Stack’s forceps), also the screw which locks the handles is placed at the end of the 
handles and so is out of the way of the perineum. In some models this screw is 
close up to the shank, and when the instrument is applied to a high head the screw 
may injure the perineum. 

INDICATIONS FOR THE USE OF FORCEPS 

There have been few topics more debated than the use of forceps, 
not only the question of the immediate indication, but also, indirectly, 
the part played by the use of forceps in the production of sepsis and 
injuries. While it may be an instrument of the utmost value to both 
motherand child, yet it can, by injudicious use, be made a lethal weapon. 

There can be only one general indication for the use of forceps, i.e. 
insufficient uterine force to expel the child within a reasonable time — 
by “ reasonable ” I mean safe for both mother and child. When discus- 
sing this subject the books usually describe the list of detailed indica- 
tions for the use of forceps. I propose to present the subject more 
from the clinical point of view, describing the clinical types for which 
the use of forceps is good treatment. 

1. Uterine Inertia. There are very many labours, often in primi- 
gravidre, in which the contractions and progress have been normal, 
even rapid during the first stage, and also during the second stage until 
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the head rests on the perineum and levatOTes ani muscles. At this stage, 
when the scalp can be seen between the labia during the pains, further 
progress seems to stop, at least, a disproportionate amount of time passes 
before the head descends and stretches the perineum ; or, the stand- 
still may come a little later when the perineum has already begun to 
distend.* In view of the previously rapid progress, jhe attendant hopes 
that a little more time with the head at the outlet may be sufficient to 
allow the woman to deliver herself, but this hope is disappointed by the 
gradual weakening and failure of the contractions. Particularly is this 
so if the patient is a primigravida. If no assistance is given, the “ pains ” 
pass off entirely, but after a rest of an hour or two they may reappear 
and ultimately expel the child. But such a method of delivery causes 
a great deal of unnecessary pain and exhaustion, in addition to a risk 
of losing the child. Such cases, therefore, are eminently suitable for 
delivery by forceps at the moment when the weakening pains and failure 
to advance further make it clear that spontaneous delivery cannot be 
expected for some long time. 

The use of chloroform or other anesthesia at the end of the second 
stage is now widely extended to include not only middle-class practice, 
but also that of many hospitals. A failure of the uterus just at the time 
when its full strength is required to drive the head through the resistant 
vaginal orifice is a frequent result of anaesthesia, and therefore forceps 
are required in the majority of cases 

If the instrument is applied cleanly and carefully to a fully rotated 
head, and extraction is performed gently and slowly, there is a minimum 
of danger, and great benefit to both motlieT and child. 

2. Labour with (he occiput jmsterjor If spontaneous rotation of the 
occiput fails, labour is usually greatly delayed and may be obstructed. 
Occasionally the head may be delivered quite unexpectedly in the 
" face-to-pubes ’* position, but only if the head is flexed, despite the 
position, or if the child is unusually small. Generally the unrotated head 
requires the assistance of manual rotation. When this has been done, 
provided the os is fully dilated, it is the usual custom to apply forceps 
and deliver. 

For multipart, and where the os is fully dilated and the head is in 
the cavity, it is good practice, for in all probability the woman has had 
a long labour, of which the latter part has been particularly exhausting 
and painful. A further advantage of immediate application of forceps 
and subsequent delii ery is that, unless it has been possible to rotate the 
body completely, the head is sure to slip back into the posterior position 
as soon as the hand’s grip has been removed. 
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There are cases, however, where forceps should not be applied after 
rotating the head. If both the head and body have been satisfactorily 
rotated to the front and the os is not sufficiently dilated, no attempt 
should be made to apply forceps at once. 

The common clinical course of these cases is as follows : The 
membranes rupture before or early in labour, and, from the beginning, 
the pains are feeble. Many hours, even days, may elapse before the os 
is half dilated, and an examination made to discover the cause of delay 
finds an unrotated occipito-posterior position. It is believed that the 
extended position restrains descent of the head on to the cervix, and thus 
prevents the natural stimulus for the maintenance of contractions. 
As drug treatment (morphia, chloral, etc.) has been used without 
success, it is well to anaesthetise the patient, dilate the cervix suffi- 
ciently to insert the hand, and rotate the head and body. The mere 
change of position of the occiput from posterior to anterior will ensure 
the flexion of the head. But after rotating the head through the 03 , 
which only just admits the hand, it would be dangerous to apply forceps 
and deliver at once despite the fact that the woman has been in labour 
some days, unless her condition urgently demand delivery. The rota- 
tion of the head, accompanied by the inevitable flexion, is often 
associated with an improvement in the pains and a fairly quick dilata- 
tion. As soon as dilatation is complete, forceps should be applied 
immediately to save the exhausted mother the final ordeal of unaided 
expulsion. 

The third variety of the posterior position is that for which manual 
rotation fails— the so-called persistent occipito-posterior. If the child 
is alive an effort must be made to extract it by forceps after making 
an effort to flex the head. Sometimes a large pelvis will allow a small 
head to be dragged through in the uncorrected position, but in many 
cases no progress can be made. As soon as the child is dead the head 
should be perforated. 

3. Delay due to contracted pelvis. The common type is due either to 
the arrest of the head in the cavity of a pelvis which is generally con- 
tracted, or to difficulty caused by the head of a large child in a pelvis 
which has no pelvic reserve. The clinical features of the labour are 
those of a uterus tiring after a great effort to drive the head through a 
small cavity. The woman’s general condition will also be that of 
exhaustion. Vaginal examination will find the signs of pressure. The 
head will be jammed, with a large caput and strongly overriding 
sutures, there will be an oedematous anterior lip of the cervix, prolapsed 
beneath the head, and possibly some oedema of the labia. The child s 
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heart may be showing signs of distress, or, if the uterus has been con- 
tracting very strongly for some hours, the child may be dead. There is 
no question of Cresarean section, for in such a case there is no hope of 
delivering a live child, even though its heart is beating before the opera- 
tion. and there is also great danger to the mother. 

Therefore forceps should he applied and delivery attempted. Axis- 
traction rods will help, and if the traction is reinforced by a strong 
thrust of the uterine contractions, there is some chance of delivering a 
live baby. If during the attempt the fcetal heart ceases to beat, the 
head should be perforated. 

The other variety of contracted pelvis — the flat pelvis — may ofler 
a more difficult problem. Here the head is held up either above or in 
the brim. Most obstetricians agree that in the former case forceps have 
no place in the treatment, but if the head is wedged in the brim axis- 
traction forceps may be used, provided a considerable time has elapsed 
for full moulding of the head, as proved by the overriding sutures. If 
there is no superimposed general contraction, the cavity will be normal 
and the subsequent passage of the bead will be easy. Some authorities 
deprecate the use of forceps in all cases in which the head has not passed 
the promontory, but if it has descended sufficiently to become well 
engaged in the brim, the possibility exists that some reinforcement 
of uterine contractions by artificial help will be just enough to enable 
the head to pass the brim. 

A nice judgment is required to make a decision. If forceps fail, 
the danger of a subsequent lower segment Cresarean section is greatly 
increased, and the cliild will probably have been severely injured. Chief 
attention should be paid to the amount of descent through the brim, 
or how far it is likely that the major diameter is actually in the grip 
of the promonton’ and symphysis. If it is still above this strait, forceps 
offer little hope. Another point is the size of the pelvic cavity and 
outlet usually normal in the milder degrees of flat pelvis. If the 
child is nearly dead the attempt is useless. 

In general we may say that it is only exceptionally justifiable to 
apply forceps when the head is still engaged in the brim, but that there 
are occasional cases where the operation is worth while. 

4. Delay before full dilatation of the os. Prolonged delay in the 
first stage of labour can be a very troublesome and even dangerous com- 
plication. The large majority of cases will ultimately complete dilata- 
tion with no more treatment than sedative drugs and patience ; but of 
all cases of labour there are about 1 in 60 primigravichc and 1 in 300 
multipane who suffer from delay greater than 48 hours, and sufficient 
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to produce symptoms of exhaustion. After some days of labour the 
situation may become anxious, and the inevitable question arises — 
can forceps be used without further waiting ? While it is acknowledged 
to be the worst practice to apply forceps and deliver through the 
undilated os, yet there are occasionally cases of delay in the first stage 
which may be more safely delivered by forceps than left for still more 
hours and days of labour. The signs and indications which may be 
regarded as justifying the use of forceps before dilatation are as follows : 

(а) The mother and child should be showing definite signs of exhaus- 
tion. Labour may last for days without either suffering from fatigue, 
but usually after so long a time has passed, especially if the membranes 
ruptured early in labour, there will be some indications of distress. If 
both parties are perfectly well, the woman should be allowed to wait 
and, emphatically, forceps must not be used to save time. But if the 
general condition of either begins to give anxiety there must naturally 
be some thought as to how soon delivery can be effected. 

(б) The os must be dilatable. During labour the lapse of time will 
be associated not only with the dilatation of the os, but also with 
softening. While twelve hours, even if feeble pains have been present, 
may not be followed by any appreciable increase of dilatation, yet it is 
probable that the os will be softer and more dilatable than at the 
beginning of the given twelve hours. It is not uncommon, therefore, to 
find that, after a woman has been in labour for many hours or days, 
though the os fails to become fully dilated, yet it is easily dilatable by 
the hand under amesthesia. 

If it is found that the os can be easily dilated by the hand— and it 
is often surprising to find how easily this can be done after hours of 
contractions have failed — and other conditions are favourable, forceps 
may be applied. Before any traction is made, the head is held in 
position while the fingers of the left hand complete the dilatation by 
pushing the rim of the os up over the head. Push it up first behind, 
then at the sides, and finally at the anterior lip. When the edge of the 
os can no longer be felt, the head can be pulled and extracted in the 
usual way. 

If forceps are applied before full dilatation, it is always most impor- 
tant to push the whole of the cervix above the head rather than attempt 
to pull the head through it. If this is done, even gently and slowly, 
serious tears are inevitable, but if the os is pushed up, it may be possible 
to deliver without any but the smallest laceration. 

(c) Any maternal condition which renders further delay during the 
second stage a source of exhaustion or danger. The best example is 
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strong probability of successful passage of the bead, but it is usually 
the doubtful cases which cause most anxiety. The chief points for 
consideration are as follows : 

(а) Continued and steady progress, even if slow, usually indicates 
that an additional force applied through the forceps will so assist the 
force of the uterus that successful delivery will be accomplished. 

(б) An anterior occiput, completely flexed, affords a hope of 
delivery, but it is quite certain that the opposite conditions of posterior 
occiput and absence of flexion will effectually prevent it in a borderland 
case of pelvic contraction. 

(c) If, during a pain, the head can be felt to descend, or if, between 
the contractions, the head can be pushed up by the finger, an attempt 
to deliver bv forceps may be made, as these movements indicate that 
so far there is not complete impaction. But if the head cannot he 
made to move, and if, in addition, the maximum moulding has already 
occurred, as shown by great overriding of the bones (should it be 
possible to feel the sutures), there is little or no hope of extraction. 

Great cederaa of the scalp (capnt succedaneum). of the cervix, and 
even of the vulva, nearly always indicates impaction. The presence 
of much oedema means that for some hours, at least, the uterus has been 
contracting strongly, and if, in spite of this, progress lias come to a 
standstill, there is little chance of success with forceps, but if the caput 
is small and there is no (edema of the cervix, then the contractions 
have never been strong, and failure to progress may be less the result 
of mechanical disproportion than of failure of expulsive force. Forceps 
in this case may succeed. 

5. Forceps should never be applied in the presence of tonic con- 
traction of the nterus, because this condition invariably indicates in- 
superable obstruction and an already dead child. 

C. In all the boohs and teaching, emphasis is laid upon the danger 
of extracting the foetus in the absence of pains. This injunction refers 
to the state of true uterine exhaustion, or so-called secondary uterine 
inertia. It is a state which follows prolonged and hard contraction, - 
due to some obstruction either relative or absolute. The danger lies 
in the complete inability of the uterus to contract after delivery. 
Atonic and probably fatal post-partum haemorrhage is then inevitable. A 
much commoner clinical condition of absence of pains is primarv inertia 
which may Erst occur when the head has come down to the perineum. 
In this case there is no actual exhaustion nor total incapacity of the 
uterine muscle to contract, but only a reflex inhibition, due to no 
certainly known cause. The introduction of forceps and extraction 
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removes the inhibition, and is followed by contractions sufficient to 
prevent post-partum hsemorrhage. Indeed, it is a rare event for 
haemorrhage to follow the labour of primary inertia. 

When the head has descended far enough for the application of 
forceps, there may be considerable doubt whether it is safe to deliver 
when the uterus is apparently not contracting. There is a natural fear 
of delivery in the absence of pains, and yet the tired state of the mother or 
child may be a strong indication to terminate labour. In the state of 
primary inertia the uterus is always potentially able to contract, and 
will do as the child is delivered ; but in uterine exhaustion the muscle 
is clinically paralysed and cannot contract. Signs of pressure, such 
as a large caput, oedema of the anterior lip of the cervix, and extreme 
moulding, will be present. Some cause of obstruction, for example, 
occipito-posterior or contracted pelvis, will probably be obvious. 
Further, the child will be distressed or even dead, and a hand held on 
the uterus for some minutes will feel it entirely and continuously soft, 
without the slightest trace of hardening. In primary inertia there are 
no signs of strong pressure, the uterus has been sluggish during the 
whole labour, the child is well, and though there are apparently no 
pains, yet the hand will feel slight rhythmical hardening which indicates 
that the uterus is potentially able to contract. In the latter case, forceps 
may be applied with perfect safety. 

METHODS OF APPLYING FORCEPS 

The patient must be amesthetised and placed either on her back or 
left side. The vulva is shaved, unless this has been done already, and 
cleansed with a suitable antiseptic lotion such as dettol. A catheter 
is passed before any internal examination is made. It is most important 
that the bladder should be emptied before delivery. 

After all the preliminaries are completed the left hand is passed 
slowly and gently into the vagina. In a primigravida there may be 
difficulty in inserting the hand without tearing the perineum. Should 
the introitus be tight, special care must be taken to pass the knuckles 
slowly in order to dilate rather than tear the perineum. This, and 
gentleness expended in passing the hand, will, by stretching the resistant 
tissues, do much to facilitate deliver}’ and prevent a deep tear as 
the head emerges. When the hand has at last been introduced it is well 
to spend a minute or two in “ ironing out ” the posterior vaginal wall 
with the back of the hand. This should be done slowly and carefully by 
pulling the left hand down on the posterior vaginal wall and perineum 
so as to secure as much stretching as possible. Before the blade of the 
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forceps is passed the left hand must find out certain details. Firstly, 
whether the os is fully dilated and has slipped up above the head. It is 
also essential to confirm the exact position of the head. Even though a 
first or second vertex position has been known to exist at the beginning 
of labour, it is wise to examine at this juncture, just before the applica- 
tion of the forceps blades, to be quite sure that the head is not lying 




in the occipito-posterior position. Again, either the sagittal axis of the 
head may be lying unrotated in the oblique diameter of the pelvis, 
or internal rotation may have been completed before the bead reaches 
the perineum. Should the blades be applied strictly in relation to the 
lateral walk of the pelvis when the head has not yet rotated, the <mp 
will be partly over the face, and may cause serious bruising or even 
damage to the orbit. Not only may the head or face be injured, but an 
oblique grip of the head is liable to allow the forceps to slip under even 
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gentle traction (fig. 2128). A further disadvantage of the oblique 
grip is that the head will almost certainly be extended by traction. 
This movement will throw a larger diameter across the pelvis and 
will thus add to the difficulty of extraction. It is most important, 
therefore, to grasp the head accurately in the transverse diameter. 
There is less chance of injury, slipping of the blades, or extension of the 
head. If the head is found in the oblique diameter, the blades must be 
applied asymmetrically in relation to the pelvis, so as to grip the head 
squarely. As the occiput rotates from the oblique to the antero- 
posterior diameter, the forceps will also pass round the eighth of a circle, 
and so come to lie in the transverse diameter of the cavity, and later, in 
the outlet. Despite the pelvic curve of the instrument, no harm will be 
done to the soft tissues by rotation of the blades through this small arc. 



Fig 2129 — The application or the lower or left blade 
[From " Queen Charlotte's Text Bool of Obstetrics ") 


Introduction of the left (or lotcer ) blade. We will assume that the 
patient is lying on her left side. The operator’s left hand has been 
carefully introduced so as not to tear the perineum, it has spent a few 
minutes in gently stretching (or “ ironing out ”) the posterior vaginal wall 
and perineum, and it has ascertained that the cervix has slipped above 
the head, and the exact position of the head in reference to the pelvis. 
The hand is laid flat against the side of the head, between it and the 
cervix. The right hand now takes the handle of the left or lower blade 
and passes the blade-into the vagina with the tip closely applied to the 
palm of the internal hand (fig. 2129). The handle is at first elevated, 
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but as the blade passes up the vagina it is gradually lowered until the 
whole blade is horizontal. The blade slides in until it has found its 
position, snugly applied to the side of the head. As I have already 
explained, it will probably not lie in the transverse diameter of the pelvis 
because the head still occupies its oblique diameter. The internal hand 
is then passed round the pelvis to find the other lateral surface of the 
head, while at the same time the left elbow is used to steady the position 
of the blade just inserted. In the same way the right (or upper) blade 
is passed, by holding the handle depressed, and gradually lifting it as 
the blade sb'des into position against the side of the bead. If the blades 
make a “ square ’ ’ grip of the head, the handles will almost drop together 



and can easily be locked without any force (fig. 2130). Ready locking 
of the blades is a sure sign that the bead is grasped by its transverse 
diameter. 

Before any traction is made, the left hand makes a final examination 
to be sure that no maternal tissues, or the cord, are gripped by the 
instrument. 

Traction. A preliminary pull should be made while the left hand 
vs in the vagina in order to note that there is no tendency for the blades 
to slip, Tlie hand is then removed, and the handles held in the right 
hand with two fingers over the shoulders at the junction of the handle 
and shanks (fig. 2131). 

There are several details in the process of traction which must be 
described, because it is due to faults at this stage of the operation that 
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injuries can occur. The first essential is to pull only with the pains. 
There may be no obvious contractions since the woman is anaesthetised, 
but often the act of pulling stimulates a contraction, or if the uterus 
appears to be completely flaccid, a few minutes of delay will usually 
allow a small but definite hardening of the uterine wall to be felt. The 
importance of pulling during the contractions is that the thrust of the 
uterus, even during a feeble pain, adds considerably to the force exerted 
by the forceps. It is often noticed that while no appreciable descent 
can be made by pulling while the uterus is flaccid, yet as soon as it 
hardens traction on the head at once becomes effective. 



DISTEVDIXO THE PEBIXErM 
(from I CharloUc’M Text Book of Obtfrtnc*.") 

The amount of force exerted by the operator is important. In the 
ordinary case of “ low forceps ”, no more force is necessary than can be 
exerted by the wrists and elbows, but in cases of disproportion or incom- 
plete flexion it is usually necessary to pull firmly from the shoulder. 
Stronger traction than this is often employed, but is dangerous, both to 
the child’s head and the birth canal. As the head is beginning to 
distend the perineum, episiotomy will always reduce the amount of 
traction required in a primigravida, and will also often save a rupture 
of the perineal tissues. 

The time required for forceps delivery varies according to the cir- 
cumstances of the case. Where the head is just lying above the 
perineum, it may be lifted out within two or three minutes, but if it is 
partially impacted high up in the cavity, traction may have to be exerted 
for half an hour or more. So long as the operator feels that each pull 
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produces some degree of descent, even though, quite small, there is 
justification for continuing, but if with the strongest permissible force 
there is no sensation of descent after 15 or 20 minutes, further efforts 
are usually hopeless. The child will probably be dead, and, if so, a 
perforator should be passed into the head between the shanks of the 
forceps. The reduction of the size of the head allowed by the escape of 
brain substance will nearly always enable the extraction to be finished 
without great difficulty. 

Occipito-posterior presentations. The ideal treatment is to rotate 
the head and deliver by forceps, but occasionally it is impossible to 
rotate the head by hand, and the question arises of attempting to 
rotate it by the forceps. Many obstetricians think this is a dangerous 
practice because, where manual rotation has failed, the force necessary 
to be exerted through the forceps is so great as to be dangerous. A 
better practice is to attempt to pull the head down with a gentle 
rotary movement applied during the traction. In tliis way, the 
rotation that usually accompanies descent is encouraged by the extra 
assistance given by the forceps, and gradually the head may be 
brought round. As the head rotates and the blades thus come to lie 
asymmetrically in relation to the pelvis they should be removed and 
reapplied. »* 

Face presentation. A common trouble in face labour is delay due 
to inertia. "Where the conditions are suitable, forceps extraction is 
good treatment and offers no special difficulty. As the comparatively 
long submento-vertical diameter must pass under the perineum, an 
episiotomy is particularly useful to avoid perineal tears. 

The after-coming head. Some obstetricians are accustomed to 
deliver the after-coming head by forceps, but most of us extract it by 
one of the familiar manoeuvres. If there is impaction sufficient to 
prevent deliver} - by the jaw-traction method, forceps may be successful, 
but by the time forceps are applied, too much time has already been 
absorbed in attempts to deliver by hand. During the application of 
the blades the child’s body must be pulled well forward towards the 
symphysis. 

kiellaxd’s forceps 

The following description of these forceps was given to me by Dr. KielLmd on 
the occasion of his recent visit to Queen Charlotte’s Hospital. 

The instrument was first introduced by him in 1915, but even nowit has not 
been widely used in England. It is more difficult to apply, but nevertheless there 
are definite indications for its use in selected cases. 

Kielland’s forceps differ from all other types of modern forceps in the follow- 
ing respects (fig. 2132) : 
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1. The pelvic curve is considerably reduced. The blade therefore resembles 
that of the old straight forceps, except that it is inclined a little posteriorly 
on the shank. 

2. There is no alteration in the radius of the cephalic curve. The tips of the 
blades are separated by 2*2 cms., and the maximum separation is 8 cms. 

3. Apart from the absence of pelvic curve, the most striking difference from 
orthodox forceps is in the lock. There is no actual lock, but a slot on one 
shank, by which the shanks and handles merely slide one along the other 
in a longitudinal direction. This arrangement thus allows each blade to 
grip the head at a different vertical level. 

4. The shanks are considerably longer than those of ordinary forceps, and they 
are straight from the handle to the blade. The part immediately below the 
fenestrated portion is light, thin and rounded. The whole instrument is 
lighter and more slender than any other form of forceps. 

The object of the forceps is to grasp the head symmetrically, no 
matter how it lies in the pelvis. The long diameter of the head usually 
lies in the transverse diameter of the brim and cavity before the os is 



fully dilated, and frequently after the rupture of the membranes it still 
lies in this diameter, or, in the case of the occipito-posterior positions, it 
will lie in the oblique diameter. It is often only towards the end of the 
second stage that the sagittal diameter rotates from the transverse 
through the oblique to the antero-posterior diameter. It therefore 
follows that the grip of the head by the ordinary forceps, applied 
conventionally with regard to symmetry with the pelvis, will often grip 
the head askew. One blade may even grasp the forehead and the other 
the occiput, but Kielland maintains that his forceps can grasp the head 
however it lies in the pelvis, so that both blades are laterally placed on 
the skull. Further, as the head rotates with downward traction, the 
forceps can follow this movement because they have no pelvic curve. 
He also states that the application of the ordinary forceps in unrotated 
cases is liable to push the head into the occipito-posterior position or 
to extend it. It is not tire high position of the head which renders the 
operation dangerous and difficult, but the wrong application of the 
blades in relation to the transverse diameter of the fetal head. By 
eliminating this difficulty he claims that his instrument may be used 
without danger for “ high forceps ” extractions. 
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The following points should be observed in applying Kielland’s 
forceps : 

1 . With the patient anresthetised and lying on her back in the litho- 
tomy position, a careful examination is made by the whole hand to 
find exactly how the sagittal diameter is placed in reference to the pelvis. 
It is most important that there should be no doubt on this point. 

2. Take the forceps, articulate the blades and hold them at the 
vulva exactly as they must be applied to the head in the position which 
has just been ascertained. The concavity of the slight pelvic curve 



should be directed towards the occiput, so that when the occiput has 
rotated to the front the forceps will correspond to the curve of the 
sacrum. 

3. Next, take hold of the anterior blade by the fenestrated portion 
(not the handle) and lay the other blade aside. Then transfer the grasp 
to the handle. 

4. Introduce the hand into the vagina and pass two fingers 
between the fcetal head and the symphysis. Pass the anterior blade, 
gmded by the left hand, into the vagina with its concavity towards the 
symphysis, until its tip touches the head (fig. 2133). Then lower the 
handle slightly and pass the blade between the cervix and head until 
the middle of its concavity is behind the symphysis. 
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5. Rotate the handle slowly through 180° on its long axis, towards 
the side on which the button is situated on the handle. The blade 
will now lie snugly over the side of the fcetal skull (figs. 2134 and 2135). 


Fuj 2134. — Diuirammatic re. 

PRESENTATION OF THE MAXCECVRE 

shown ix Ftg. 2133. 
{From Bov me and William «’ 
“ BectKt Adranct* inOitdttnctand 
Gynattdagy ”) 




G. The posterior blade is introduced as follows : “ Pass two fingers 
into the vagina between the posterior cervical lip and head ; pass the 
second blade posteriorly on the side where the lock will approximate to 
that of the first blade, and introduce it gently to the side or in front of 
the promontory. The blade meets no resistance unless the pelvis is 
contracted or the head impacted low down. In that event do not use 
force, but gently manipulate it by lowering or lifting its handle.” 
(Bourne and Williams.) 

7. After articulating the blades, pull gently. The blades will slide 
a little on one another, so that one will He at a slightly higher level than 
the other. This is due to either blade adjusting itself to the different 
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levels of the sides of the head relative to the pelvis. The forceps lie 
in the antero-posterior diameter of the pelvis, and have gripped the 
head symmetrically in its transverse bi-parietal diameter. 

8. Draw the head downwards and backwards, allowing the forceps 
to follow the rotation of the head. As it descends still lower, assist the 
rotation already indicated by an active movement of the handles. 
Towards the outlet the occiput will come to lie to the front, but during 
extraction take care not to pull too much in a forward direction, as with 
ordinary forceps. 

9. In the unrotated occipito-posterior position the blades are 
inserted as before, except that in order to grasp the head squarely they 
will lie first asymmetrically in relation to the antero-posterior diameter 
of the pelvis. After application, rotate the head before applying 
traction, and then draw it down. 

Kielland’s forceps should not be used : 

1. In a contracted pelvis where the head remains above the brim. 

2. When the lower uterine segment is stretched and a retraction 
ring is present. 

It is important to have practised the use of the instrument on a 
manikin, and to be sure of the diagnosis of the lie of the foetal head. 

The advantages of Kielland’s forceps are : 

1* The grasping of the head by its bi-parietal diameter, as a con- 
sequence of which the forceps cannot slip off the head. 

2. Because the blades fit the head closely, this instrument is safe 
for rotation. 

3. The blades are applied to that part of the child's head which 
can best endure pressure, namely the cheeks and the underlying bones. 
There is no pressure on the orbit, brow, nose, neck, or facial nerve as 
so often occurs when the ordinary forceps are applied to an unrotated 
head. 

4. The head is not displaced by the introduction of the blades ; 
this can be of importance when the pelvis is somewhat contracted. 

5. As less traction is necessary for delivery than with ordinary 
forceps there is less risk of maternal injuries. (Bourne and Williams’ 
Recent Advances in Obstetrics and Gyncccology .) 



CHAPTER IV 


Destructive Operations 

CRANIOTOMY 

The operation of craniotomy is performed to reduce the size of the 
foetal head in certain cases of difficult deliver}'. It consists of two or 
three procedures: 1. Perforation ; 2. Extraction ; 3. Cranioclasm. 

1. Perforation. 

It is necessary to perforate the skull in order to allow the escape 
of brain substance, after which the cranial bones are able to collapse. 
For this purpose an instrument called a perforator is used. Of the 
various patterns on the market the best is Oldham’s (fig. 2136). It 



Fig. 2136 — Oldham's PEBFOBATOn. 


consists of two blades articulating by a screw lock. Each blade has a 
handle, a long shank, and a sharp-pointed member an inch long, with 
a moderately sharp outer cutting edge. The shank carries a shoulder 
at the base of the perforating member, which is important in so far as 
it prevents the whole length of the instrument being pushed suddenly 
into the skull. 

Indications. For all cases of difficult delivery due to contracted 
pelvis or disproportion between the size of head and pelvis, or impaction 
of the head in the posterior face, or brow positions, when the child is 
dead or actually moribund, and after reasonable efforts to deliver by 
forceps have failed, perforation may be performed. If the child is 
dead it is not necessary that labour should be completely obstructed 
— perforation should be carried out if unnecessarily hard traction by 
forceps is required, even if some progress is being made. Less trauma 
is likely to arise from perforation followed by extraction than from 
continuation of fruitless attempts at rotation of an impacted occipito- 
posterior, or strong efforts to deliver an impacted after-coining head. 
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It is necessary that the os should be fully dilated before extraction 
is attempted, but perforation alone may be done when the os is not more 
than half dilated. In some cases of very resistant dilatation it may be 
useful to perforate the head and fix a cranioclast thereto. A weight 
attached to the cranioclast will then produce a constant tractive force 
which will often overcome rigidity of the os. In general, however, the 
os is fully dilated by tbe time the fetus is dead. It is rare that the os 
is too small for the use of the perforator. 

Extreme degrees of contracted pelvis are unusual in this country, 
blit in some parts of the world they are not so uncommon. Before 
attempting delivery by craniotomy it is necessary to be sure that the 
pelvis is not so greatly contracted as to render extraction impossible. 
The writer’s experience contains one such instance. After prolonged 
efforts to break up the head and draw it through the brim (true con- 
jugate of 21 inches or less), it was found impossible to extract tbe body, 
and Qesarean section was performed. The patient survived, but the 
abdominal wound sloughed. The question of perforation of a live child 
is often discussed, but it seldom arises in practice. By the time that 
efforts to deliver by forceps have beeu given a fair trial in cases of 
obstruction, the child is usually moribund or dead. It is dead in all 
cases of obstructed labour that have reached the stage of tonic con- 
traction, and in nearly all cases of 4 * failed forceps ” the shock to the 
child is such that, though not actually dead, the chance of survival 
after Gesarean section delivery is very slender. 

In cases where the child is in good condition but impossible to 
deliver alive by the vagina, the lower segment Cresarean section offers 
a comparatively safe method, even after the membranes have been 
ruptured some hours and vaginal examinations have been made. 
Finally, obstructing hydrocephalus should always be perforated. 

Operation. The patient is anaesthetised and placed on her back 
in the lithotomy position. Most careful disinfection of the vulva and 
vagina is made by dettol or iodine in glycerine. This is necessary 
because of the probable presence of infection following a long period 
of labour and previous manipulations. 

The left hand is passed into the vagina until the head can be 
explored. The perforator is taken in the right hand and passed along 
the left hand so as to protect the maternal parts from damage by the 
blades. The points of the blades are pressed firmly against the head 
at right angles to the surface in order to avoid slipping, and if possible 
over bone and not over a suture (fig. 2137). In the case of a face 
presentation the instrument should be passed into the orbit. 
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Slight pressure is used at first to pierce the scalp. After the points 
have perforated the scalp there is little danger of their slipping off the 
head, and then firmer pressure is made to pierce the bone. This follows 
in a few moments and allows the blades to sink into the skull up to the 
shoulder of the shank. The handles are closed, by which action the blades 
are opened and the bone broken ; they are then opened, rotated through 
a right angle, and closed again (fig. 2138). This double opening and 



closing of the blades ensures an actual hole in the skull through which 
brain substance immediately escapes. It is well to pass the perforator 
deeply into the skull to break up the dural septa, and thus allow a 
complete escape of the brain. The after-coming head may be very 
difficult to reach if it is held up at the brim. Strong traction by an 
assistant is made on the legs downwards and backwards, in order to 
bring the occiput as low down as possible behind the symphysis. It is 
palpated by the fingers of the left hand, and the blades of the perforator 
arc passed, very carefully guarded by the left hand, to reach the 
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occiput just above the nape of the neck. Pressure must be made with 
great care as the blades are probably not at right angles to the bone, 
and are therefore liable to slip if firm pressure is made before the scalp 
is pierced. 

In all cases of minor disproportion or impacted occipito-posterior, 
the head can usually be delivered easily by forceps after the rigidity 
of the head has been destroyed by escape of the brain. It is most 
convenient, therefore, to apply the forceps first, and then to pass the 
perforator into the skull between the shanks of the forceps. As soon 
as the dural septa have been broken up, the head will usually descend 
easily when traction is made by the forceps. The contrast between 
the firm and “ hopeless ” resistance offered by the head before perfora- 
tion, and the ease with which it can be drawn down after perforation, 
is very striking. 

2. Extraction. 

As I have just described, the foetus can in the majority of cases be 
delivered by forceps after perforation alone. If the pelvis is severely 
contracted it will be necessary either to crush the head or actually to 
break it up by the cranioclast. 

There are two main varieties of the cranioclast, the one (Braxton- 
Hicks’ or White's modification) which is composed of two blades, and 



the newer variety of Winter-Auvard (fig. 2139) with three blades. The 
older two-bladed instrument is sufficient for nearly all cases, and is 
easier to use, but Winter’s instrument gives a firmer grip of the head 
and crushes it at the same time. I would strongly advise the purchase 
of the thrce-bladed cranioclast rather than of the older form, 

AH forms of cranioclast consist of a solid blade, serrated on one 
aspect, and of one or two fenestrated blades, deeply serrated on their 
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concave surfaces. Both the fenestrated blades articulate with the 
central blade, as shown in the figure. The ends of the handles are 
provided with a separate member which enables the three blades to 
be screwed tightly together. It is important that the cranioclast be 
heavily and strongly made, in order to ensure a very firm, unyielding 
grip of the head. One of the chief difficulties in the practical use of the 
instrument is its tendency to slip off the head owing to the imperfect 
grip and the very strong traction 
that may be necessary. 

The cranioclast as a tractor. 

For moderate degrees of contracted 
pelvis it is usually possible to de- 
liver without actual cranioclasm, 
but by traction alone. A sufficient 
grip of the head can be obtained by 
using only the solid and No. 2 
blades of Winter’s instrument. 

Having perforated the skull and 
stirred up the brain, the solid blade 
is passed through the hole deep into 
the skull with its serrated convexity 
directed towards the face. It is 
not always easy to keep it exactly 
in position because of the weight of 
the shank and handle, and therefore 
an assistant should be present if 
available. It is important to pass 
this blade well into the skull, as 
deeply as possible. The blade No. 2 
is then passed over the face, with its 
concavity directed towards the face. 

Care must be taken in passing this blade to protect the maternal tissues 
from injury, by the left hand, and also to pass it far enough up to bring 
its lock into apposition with that of the solid blade. A firm grip and 
freedom from slipping are ensured chiefly by passing both blades far 
enough to grasp the whole face in their concavity (fig. 2140). 

When the operator is satisfied that the blades are in good position, 
the handles are screwed together as tightly as possible, and pulled 
downwards and backwards. After the fruitless struggle to deliver 
with forceps, the quick and easy descent which follows traction on the 
cranioclast is surprising and gratifying. 



ONE BLADE 


■raviotob* The cm- 

LSE AS A\ EXTRACTOR 
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During the first few moments of pulling much more brain tissue 
escapes, showing the collapse of the skull caused by descent through the 
pelvic cavity. If there is initial difficulty, ox failure to bring the head 
down, try to rotate the face round to the front or back. This movement 
produces still more collapse of the head and renders descent possible. 
It is always advisable to twist the head a little in rotatory' movement, 
to and fro. to ease the grip of the pelvis and 
force a further collapse of the head. 

Occasionally it may still be very difficult 
to draw the head down even when the left 
hand can feel that it is lying quite loosely in 
the pelvis. This always means that the 
shoulders are held up, either by the contracted 
brim or by a contraction ring. This is a serious 
additional complication, to which we shall refer 
again later. 

Should the pelvis be too small for extraction 
as we have just described, or if the two-bladed 
instrument slips, apply blade Xo. 1 with its 
concavity over the occiput aud exactly opposite 
to blade Xo. 2. When this handle is screwed 
home the head is crushed and flattened in 
the opposite diameter. This elongated 
diameter is now rotated until it is brought 
into the transverse diameter of the brim, 
where there is most room in cases of flat pelvis. 
3 . Cranioclasm. 

In extreme degrees of contracted pelvis it 
may be necessary to break up and remove the 
calvarium piecemeal. This is a laborious and 
dangerous operation because of the risk of 
infection caused by repeated introduction of 
hands and instruments into the vagina. It is also difficult because 
in nearly every case the head is entirely above the brim, and unless 
the greatest care be taken it is easy to injure the maternal tissues. 
The operation is performed as follows : After perforating the skull, 
the solid blade of the cranioclast is inserted deeply into the hole 
with its convexity against the parietal bone. The tip of the fenestrated 
blade is then insinuated between the bone and the scalp at the edge of 
the hole made by the perforator. Having once found the line of 
cleavage between the two, it is easy to push, the blade over the bone and 
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under the scalp as far as the origin of the parietal bone from the base 
of the skull (fig. 2141). The second blade is passed in this manner to 
lie opposed to the solid blade which has been previously passed, and 
when both are pushed home, the instrument is locked as tightly as 
possible. The blades have a firm grip of the parietal bone, and by a 
twisting action a piece of the bone is wrenched away. This is carefully 
drawn out, shielded by the left hand so as to protect the vagina from 
being scratched and torn by the sharp edges of the bone. This process 
is repeated until the whole of the vault of the skull is removed, and only 
the face and base of the skull remain. An attempt is next made to 
extend the head in order to produce a face presentation. This may be 
extremely difficult, but if it can be done the subsequent extraction will 
be much easier. The solid blade is forced into the mouth as far as pos- 
sible and the fenestrated blade passed over the supra-orbital region, so 
that when the handles are screwed together the face is crushed and 
gripped. Having gained a firm hold, traction is made on the instrument 
to pull the crushed head through the brim. 

EMBRYOTOMY 

In some cases of obstruction it is necessary to break up the body of 
the foetus. AH these manoeuvres are included under the term embryo- 
tomy. 

Decollation. When the child presents by the shoulder it is possible 
to convert it to a breech presentation during the earlier stages of labour. 
After the uterus has become tonic or even “ irritable,” with short and 
imperfect relaxation, version is dangerous on account of the risk of 
rupture of the lower segment. At this advanced stage of labour the 



F*g 2142 — Snows the method or rsmowerso the decapitation hook, wrertb y 

THE LETT HAND PREVENTS IT PROM INJIBINO TI,K VAGINA. 

{Fr<m film ami /UlarnTt “ J!a*ual oj J/hW'V) 
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child is invariablv dead, and can only be safely delivered by decapita- 
tion. Division of the neck breaks the obstructing wedge, and allows 
first the body to be delivered, and then the head. Eor all shoulder 
presentations when the child is dead it is advisable always to decapitate 
rather than to perform version if there is any risk of the lower segment 
having become dangerously thin by the previous action of strong fundal 
contractions. The prolapsed cord will readily give information as to 
the condition of the fcetus. 
and an inspection and careful 
palpation of the abdomen will 
determine, firstly, if the uterus 
is contracting very strongly, 
and, secondly, if there is a 
palpable ridge aud groove be- 
tween the upper and lower 
segments, commonly called the 
retraction ring of Bandl. Unless 
the uterus relaxes freely be- 
tween contractions, or in the 
presence of Bandl's ring, version 
is too dangerous and must not 
he attempted. Even if the 
contractions are considerably 
reduced by anaesthesia, the 
lower segment still remains 
very thin and must suffer great 
strain during the process of 
version. 

y*Q ?1IS- DmriT irh-x Nnti th* ntca or the Operation. The patient 

besp whkh tb* o, TH« jg ansesthetised, placed in the 

lithotomy position, and most 
carefully disinfected with tincture of iodine or any other suitable 
disinfectant. An assistant pulls on the prolapsed hand in order 
to bring the neck well down over the brim of the pelvis. The 
left hand explores the conditions inside, aud then shields the shard 
decapitation hook as it is passed up in front of the prolapsed arm 
(see fig. 2142). The shaft of the hook is passed so that it lies towards the 
head, and the point in the direction of the breech. Great care must be 
taken, as the hook reaches the level of the shoulder, not to damage the 
tissues behind the symphysis. The hook must be eased ” by the left 
hand rather than forcibly pushed hv the right hand (fig. 2143). 





lying obliquely over the neck and one shoulder. The actual decapita- 
tion is carried out by a pendulum action of the hook in the sagittal 
plane. The handle is carried forwards (or upwards) towards the sym- 
physis, and then pulled strongly downwards and backwards. At the 
end of the down stroke it is brought back to the upper position without 
traction, and then again it is pulled strongly down and back. During 
all these movements the fingers of the left hand are held carefully on 
the tip to ensure that it does not injure the maternal tissues. 

The hook does not cut through the upper skin of the neck easily, 
but after this is divided, it quickly passes through the soft tissues and 
even through the spine. The lower skin is apt to be pulled down by the 
hook before it is cut, and care must be taken at this stage that not too 
much traction is made with the down stroke, or the skin will be suddenly 
divided and the hook will thereupon be pulled hard downwards, with 
vol. in. — u 
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tlie risk of striking the rectum or sacrum through the posterior vaginal 

wall. 

When the neck has been divided, pulling on the prolapsed arm will 
deliver the child’s body. The head remains above the brim — often a 
difficult problem. If the pelvis is normal it is usually a simple matter to 
insert the fingers into the mouth, produce a face presentation, and then 
draw it down assisted by strong fundal pressure (fig. 2144). The hole 
in the spinal canal will allow some of the cerebral matter to escape, 
but where the pelvis is definitely contracted it may be necessary to 
crush tlie head in the usual way, after perforating the cranium. 

If the uterus is in tonic contraction, decapitation is an anxious and 
dangerous operation, because even the introduction of the hand and hook 
may rupture the extremely thin lower segment. No amount of ames- 
thesia or other drugs (such as amyl nitrite) can render the lower 
segment less thin and fragile, even though the tone of the fundus may 
be relaxed. 

CLEIDOTOMY 

Difficulty in delivery of the shoulders is common where the child 
is unusually large, in some cases of aneneeplialy, in contracted pelvis, 
and in the rare condition of contraction ring (hour-glass contraction of 
the uterus). The operation of cleidotomy consists in cutting tlirough 
the clavicles with a strong pair of blunt-pointed scissors, whereby the 
inter-acromial diameter is considerably reduced. It is, of course, only 
possible when the child is dead. In cases of difficulty at the outlet 
due to the shoulders when, for example, the perforated head has easily 
been delivered, it is a simple matter to pass a pair of scissors just inside 
the vulva alongside the neck, and to divide each clavicle, but when the 
shoulders are held above the brim, this may be very difficult. 

The scissors are passed m the same way as the perforator, that is, 
carefully shielded by being enclosed in the left hand. Each clavicle 
is carefully located and divided. During the actual cutting, the left 
hand must ensure that no maternal parts, such as a lip of the cervix, 
are in danger. It is usually impossible to divide the clavicles of shoulders 
which are held above a contraction ring, owing to the height above the 
vulva and the tightness of the ring. 

EVISCERATION 

Certain foetal deformities of the chest and abdomen causing great 
enlargement may obstruct delivery, or else the pelvis may be so 
extremely contracted that it is impossible to deliver the trunk. Occa- 
sionally, in impacted shoulders presentations, the operation of decapita- 
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tion may be too dangerous until the bulk of the child’s body has been 
reduced. Evisceration consists in cutting through the abdominal or 
thoracic walls with strong scissors and in evacuating the viscera by the 
fingers. The commonest form of this obstruction is foetal ascites. If 
the abdominal wall cannot be reached, it is necessary to cut through the 
chest wall and then through the diaphragm to evacuate the abdominal 
contents. If the obstruction is due to a collection of fluid, perforation 
of the parietes will immediately resolve the difficulty. 



CHAPTER V 


Primary Repair of the Vaginal Op.ifice 

Under this heading we have departed from the customary use of the 
word perineum, as it is apt to be misleading. “ Repair of the perineum ” 
lays undue stress on the injury to the perineum, but, in fact, the inevit- 
able injury of the posterior vaginal wall is just as serious a lesion as 
that of the external skin and perineal tissues. Further, the use of the 
word perineum leads to the impression that, if the perineal skin is found 
to be intact after delivery, no injury has been sustained, but only too 
often an inspection of the vagina just inside the orifice will show a deep 
and extensive tear of the posterior vaginal walL The tendency to this 
injur}' is probably encouraged by the practice of delivering the head 
very slowly in an effort to allow the maximum possible stretching of the 
perineal tissues. By such slow deliver}’ it is true that the actual 
perineal skin is saved, but there is often a deep underlying tear, which 
may not be recognised. In cases of difficulty due to long, slow stretch- 
ing of the perineum it is much better to make the small incision known 
as episiotomy whereby both the perineum and vagina, by being cleanly 
incised, are saved from laceration. 

PRIMARY COLPO-PERINEOKRHAPHY 

After delivery, a careful inspection of the perineum and posterior 
vaginal wall is made. Blood is carefully sponged away, and under a 
good light the heavily bruised vaginal wall is searched for a tear. It is 
often not easy to recognise the limits of the tear, for the tissues are 
discoloured, and the tear is ragged, irregular, and often multiple. There 
may be one central injury, or a laceration may extend up each postero- 
lateral wall. In some cases the perineal and vaginal lacerations may 
open into each other. A more serious injury may tear the perineum 
as far back as the sphincter, exposing, but not actually damaging it. 
In the worst cases the sphincter is broken, and the mucous membrane 
of the anal canal is tom up its anterior wall for perhaps as much as an 
inch. 

Before inserting any stitches, therefore, it is essential to make a 
close examination to find out exactly which structures need repair 
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(fig. 2145). These operations are usually performed under the greatest 
difficulties. The patient is lying in a soft bed on her left side, the light 
is often poor, and there is frequently no assistant. Also the field of 
operation is being constantly obscured by blood, and the limits of the 
injury of the vagina are not easy to define because of bruising. In a 
hospital clinic there is no difficulty, but the conditions of a private 
house may make a correct repair by accurate apposition almost impos- 
sible. However, as far as available assistance will allow, it is necessary 


to have the woman on her back at 
the edge of the bed, and a good light 
directed on to the vulva. Plenty 
of swabs and lotion should be at 
hand for cleansing the part, and, if 
necessary, a small plug should be 
pushed just into the vagina to 
prevent the lochial blood from 
constantly flowing over the site of 
operation. Also, have at hand a 
vulval self-retaining retractor, 
No. 2 catgut, silkworm-gut, a few 
artery clips, toothed dissecting 
forceps, a needle-holder, large 
curved cutting needles, and smaller 
ones for suturing the vagina. 

1. Repair of the Vagina. The 
upper limit of the tear — the apex of 
the V — is held by dissecting forceps 
and the two edges of the wound 
are united from above downwards 



by interrupted sutures of catgut 

mounted on the smaller needles. In inserting these stitches it is a 
great convenience to use a needle-holder. The bite of the needle should 
be deep enough to include the deeper sub-vaginal tissue. After the 
first one or two sutures are inserted, the limits of the injury become 
more obvious, and when one tear has been repaired, any other tear 
also becomes easier to define. The whole vaginal wall, therefore, is 
repaired as far as the perineum. The reconstitution of the vaginal 
tube alters the whole appearance of the injury and renders much clearer 
the work which remains to be done (fig. 214G). 

2. The Perineum. The extent of the injury varies considerably. 
If it is so deep as to expose the sutured vaginal wall, a row of three or 
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tLL ate united byWorm-gut in large needles. It » not 

to tie the tissues too tightly, audio avoid leaving dead spaces (fig. -US). 
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3. The Anus and Rectum. It is almost impossible to repair injury 
in this region without every assistance which can be obtained by the 
lithotomy position and a good light. In addition to the instruments 
previously mentioned, it is necessary to use round-bodied curved 
needles and thin No- 1 catgut. 

The apex of the tear in the rectum is identified, and a suture of 
No. 1 gut threaded on a round-bodied needle is passed from the deep 
aspect (not the lumen) into the submucous tissue, and out exactly below 
the actual mucous membrane, then into the opposite edge, again imme- 
diately below the raucous membrane, and out through the submucous 
tissue (see fig. 2149). When this is lightly knotted the edges of the mucosa 
are coapted, but no catgut actually passes through the mucosa itself. If 
the edges of the tear are ragged, they must be carefully pared with 
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scissors. Tissue is brought together below the mucosa, so as to leave 
no dead space, or otherwise a hamatoma will collect, which is likely 
to suppurate and break down the wound (see fig. 2150). 

The edges of the sphincter are sought for where they will have 
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retracted under the skin, and are sewn together, after which the 
overlying skin is united with silkworm-gut. 

Afler-TrealmerU. 

If the rectum has not been involved, no special after-care is necessary, except 
to keep the part clean and dry. After micturition or defalcation the area of stitches 
should be sponged, dried and powdered. The wound is well healed in about a 
fortnight, after which the patient may safely get up. 

If the rectum and sphincter have been repaired, special care must be taken that, 
when the bowels act for the first few times, there should be no stretching of the 
sutured area by hard constipated scybala. To avoid scybalous formation give the 
patient a teaspoonful of liquid paraffin four times a day after food for the first 
week. This will ensure that the faces remain soft, because the small repeated 
doses are effectual along the whole length of the intestine. On the fourth day the 
bowels must he moved by giving an aperient such as an ounce of castor oil, and an 
olive oil enema (4 oz.) about four hours after the castor oil has been taken, or as 
soon as the patient feels that the castor oil is beginning to act. 
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During the first week the diet should be limited to milk, milk foods, custards, 
and potato and other vegetable purees. 

Jf a perinea] wound breaks down after primary repair no attempt should he 
made to re-suture it as there is small chance that it will heal well. It is better to 
cleanse it by hot dressings if necessary, and to perform perineorrhaphy about six 
months later. 
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the teachers in the clinics. It is necessary to implant the idea that 
obstetrics is not a branch of surgery, but an applied science of its own, 
which requires its own specialised consideration and technique. Certain 
surgical procedures may be utilised for unusual circumstances when 
purely obstetric methods would fail, but they should be exceptional 
and not routine. 

As we have already mentioned, the undisputed indication is obstruc- 
tion to delivery due to pelvic contraction (or disproportion between 
the sizes of the pelvis and the foetal head), not only insuperable 
obstruction, but any degree which is likely to involve the child in 
danger by excessive moulding or forceps traction. Potential or partial 
obstructions include various conditions, such as a transverse lie of the 
child before labour, certain tumours, and the vagina and its outlet 
being narrowed by atresia, or an over-tight repair operation done for 
some earlier laceration. 

There may be difference of opinion over borderline cases of 
contracted pelvis, where increasing experience will undoubtedly reduce 
the incidence of the operation, but the details of this most interesting 
problem of obstetrics we shall discuss in a later section. Real difference 
of opinion is possible when we come to discuss associated diseases. 
The sole question at issue should be whether or not the physical effort 
of labour is a greater stress, from every point of view, than the abdomi- 
nal operation, and whether a rapid delivery, as opposed to a protracted 
labour, will save the mother or child a risk inherent in such labour. 
There is a tendency to regard nonnal labour as more dangerous for the 
mother when some complicating condition such as cardiac disease or 
nephritis coexists, but it is not possible to apply a rule generally. 
Each case must be considered on its merits. The great majority 
of women with cardiac disease tolerate easy labour well, but if labour 
is likely to be long, painful and exhausting, then the sub-normal 
reserve of energy will be used up, and the heart will be seriously 
overburdened. For such cases Caesarean section is obviously the 
better treatment. The same considerations may he applied to the 
consideration of almost every other complication. In general it may 
be said that, where labour is likely to be entirely normal, the woman 
suffering from the complication of an associated disease will do better 
after normal labour than after Caesarean section. 

INDICATIONS IN PARTICULAR 

I. Contracted })elvis. For the older obstetricians this was almost 
the only indication. They divided these cases into those whose 
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obstruction was absolute, and those in whom it was relative. For the 
first group there was no choice, for the second, induction of labour was 
an alternative method. Nowadays, we feel that if the disproportion 
between the head and the pelvis is such that the child runs a risk of 
still birth by excessive moulding or shock, or that the mother is liable 
to suffer from exhaustion and laceration with their sequel® of 
haemorrhage, shock and infection, Caesarean section is the correct 
method of delivery. 

In practice the difficulty is to decide the prognosis of labour. 
Obstetrics does not offer a greater field for the exercise of clinical 
insight than the making of this decision. Even after years of obser- 
vation and experience, every obstetrician will from time to tilde meet 
with cases in which he feels doubt, and over which he may be mis- 
taken. The study of this problem is one of the fascinations of obstetrics, 
and lends to it a scope of clinical interest which can tax the most 
mature skill and consideration. The essential is to be able to prog- 
nose the course of labour in these cases of disproportion. A super- 
ficial or inexperienced reading of physical signs before labour will 
so often give the impression of obstruction or great difficulty in 
delivery — a prognosis that may be completely falsified by the result 
of labour. In such cases, not only may a prognosis of obstruction be 
falsified, but the junior members of the clinic may well be astounded 
by the extraordinary ease of labour. The quickness of the second stage 
and the absence of caput and moulding only serve further to surprise 
those who had predicted difficulty. We have previously stated that it is 
important to be able to diagnose real disproportion. A sound judgment 
will save many a woman from an unnecessary Casareau section or 
induction of labour. 

An opinion requiring much experience can scarcely be based upon 
the written directions of a text-book. But it may be of service to 
suggest a few details for observation. The operation is indicated 
under tkefolloioing conditions : 

(а) If the icotnan has had a previous still birth due to disproportion. 
Here a history of difficult labour is not sufficient. The difficulty may 
have been due to an unrecognised, and therefore unrotated, occipito- 
posterior presentation. If the previous child was abnormally large, the 
probability is that the present child will be even heavier. 

(б) 1 Vhen the pelvis, by internal palpation or X-ray mensuration , 
shows a contraction beyond the “ pelvic reserve ” of the normal pelvis. 
It is not easy to define this in centimetres, but should the true conjugate 
be less than 3J inches (9-5 ems.) it is certain that there will be a risk of 
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excessive moulding and still birth. But with experience, digital 
examination of the pelvis gives a useful idea of its capacity, and is of 
more value than exact mensuration. If the sacrum can be palpated 
all the way up to the promontory, if the lateral walls of the cavity 
feel nearer together than normal, if the sub-pubic angle is narrow, and 
if the distance between the ischial tuberosities will not admit more 
than three knuckles, then the pelvis is probably too small to pass a 
child of average weight. But, even so, other details must he considered, 
such as the ease of pushing the head into the brim, and its size and 
attitude. 

If the head is strongly flexed and lying with the occiput anteriorly, 
it may pass the brim, whereas the same head lying posteriorly and 
unflexed may be uuable to descend. 

Real overlapping of the head above the symphysis, if the other 
conditions also are taken into consideration, is usually a strong indica- 
tion for Caesarean section ; and even without obvious overlapping of 
the symphysis, if the head cannot be pressed into the brim, or, if firm 
pressure on the head imparts no sensatiou of descent, engagement, or 
“spring,” it is very unlikely that the head will go through. But 
whatever may he the mechanical conditions, such as size of pelvis and 
head, we must not forget that the head is moulded and driven through 
the pelvis by uterine contractions. If these are strong and regular, 
labour may be completed normally, but if the “ pains ” are weak and 
inconsequent, the same head may be unable to pass through the same 
pelvis. It is not, of course, always possible to prognose the type of 
uterine contraction, yet a large experience of women and labour, 
and the recognition of certain female types which may give rise to 
what Greenhill aptly calls “ dystrophic dystocia will greatly assist in 
deciding whether or not a borderline case may be trusted to undergo 
labour. In all such cases labour should he recognised as a test or trial 
labour, and should only be conducted in a hospital clinic where Ccesarean 
section can be performed if it becomes obvious that labour cannot be 
terminated naturally. The most striking feature of trial labour is the 
large proportion of cases which do terminate naturally. 

There is an uncommon variety of contracted pelvis to which allusion 
must be made here — the transversely contracted pelvis of Van Rooy. 
This type is not easy to recognise unless one is prepared to find a 
definite contraction of the transverse diameter and the outlet. Where 
this condition is definite, we feel that Ceesarean section should always 
be undertaken. 

2. Placenta pravia. The treatment of this condition has altered 
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considerably during the last twenty-five years. There is no question 
now that where the pregnancy has reached the 36th week, the placenta 
is central, and the mother is in a good condition (i.e. she is not exsan- 
guinated and shocked) Caesarean section can be carried out at the price 
of a mortality of less than 3 per cent, whereas the risk of vaginal 
delivery of central cases rises to 15 per cent or even more. 

If the patient is shocked by loss of blood, the operation must be 
deferred for some hours, during which she should be treated by blood- 
transfusion, morphia, and warmth. The rise of blood-pressure caused 
by transfusion will not induce further haemorrhage, as in all ordinary 
cases of arterial bleeding. A recurrence of haemorrhage is determined 
only by separation of a further portion of placenta by uterine 
contractions. 

Partial placenta preevia seldom requires Caesarean section in the 
interest of the mother, but it certainly gives the child a better chance. 
Where the edge of the placenta only reaches the margin of the os, it is 
usually sufficient to rupture the membranes and bring a leg down, or to 
apply Willett’s forceps to the scalp. 

Though Caesarean section is a great addition to the methods of 
treatment of central placenta praevia, it must be regarded as carrying 
its own risks. Even when the mother is in good condition when the 
operation is done, there is a definite mortality. Most of this arises : 
(i) as a result of operating while the patient is in a deeply shocked 
condition ; (ii) after attempts have been made to arrest bleeding by 
vaginal interference ; or (iii) due to post-partum haemorrhage after the 
child and placenta have been removed. 

3. Accidental hemorrhage ( abruptio placentce). There is not such 
a wide field for treatment by Ctesarean section as in placenta preevia. 
The mild cases can be well treated by medical measures or, at the most, 
by induction of labour by rupture of the membranes, while the severe 
cases are too ill to withstand the shock of laparotomy. These patients 
are always ill, apart from the effects of loss of blood, and actual deliver}’ 
is not all they require. We would say that the operation should, as a 
rule, only be done for accidental haemorrhage if the patient is carrying 
another handicap in the shape of contracted pelvis or malpresentation, 
in addition to the condition which has caused bleeding. 

4. Eclampsia. Most authorities now agree that Caesarean section is 
rarely indicated for eclampsia. For adequate treatment it is necessary 
that the uterus should be evacuated, but it is not only not necessary 
that this should be done rapidly and at once, but it is true that so doing 
is liable to add an extra burden of shock, orsome other adverse influence, 
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which may tip the scale against the patient. There are, however, 
exceptional cases for which rapid delivery may offer the better chance. 
Any additional abnormality which may render vaginal delivery difficult 
should influence consideration in favour of Caesarean section. For 
example, there may occasionally be great oedema of the vulva, an 
elderly primigravida with a tightly closed cervix before pains have 
begun, and certain other conditions which, being present, would either 
delay vaginal delivery or, which is most important, require much 
manipulation through the vagina. There is also room for discussion 
over the f ulmina ting case, or the woman who sinks into toxic coma 
with suppression of urine, with perhaps no fits at all. The outlook for 
these women is extremely bad, and little can be expected of the opera- 
tion for the mother, although it is possible that rapid delivery may save 
the baby. 

5. All serious obstructions likely to be offered by the soft parts are 
adequate indications. Such a list includes atresia, firm repair of the 
perineum, and a long, hard, tight cervix in an elderly primigravida. 
Under this heading may also be included tumours in the pouch of Douglas 
below the presenting part which cannot easily be pushed up, certain 
cases of cancer of the cervix, and, very rarely, a cervical fibroid. 

6. There is an undefined group of women who have had previous 
obstetric difficulties with perhaps one or more still births. Greenhill has 
well described dystrophic dystocia as a form of difficult or ill-fortuned 
delivery which is inherent in the woman herself, and may be anticipated 
in every labour. Or again, a woman may be liable to haemorrhage, 
either before or after labour, recurrent adherent placenta, habitual 
death of the child before full term, and many other conditions, which 
are met with from time to time, and must be considered, each on its 
merit. A healed vesico-vaginal fistula, after perhaps more than one 
operation for its closure, should always be an indication for the operation, 
because distension of the vagina by the head is very liable to break down 
the repair. 

7. Associated diseases, including cardiac and pulmonary diseases, 
nephritis, and many others, form a large group about which there are 
many opinions, even on an individual case. The general principle 
which should govern consideration of every case is whether or not the 
stress of labour will be greater than that of laparotomy. Usually a 
normal straightforward labour involves less strain on the woman than 
Cjesarean section, but any departure from the normal, such as pro- 
nounced inertia, may be a serious danger. This is well seen in heart 
disease. Women who arc subjects of a degree of heart disease which 



OBSTETRIC SURGERY 


3909 


has caused a temporary breakdown during pregnancy stand a normal, 
quick, and assisted delivery without any striking difficulty, but if 
such a woman should suffer from long, painful inertia she becomes 
quickly exhausted and her condition is dangerous. 

8. Somefcelal conditions, including prolapse of the cord at the begin- 
ning of labour, or a malpreseutation which cannot be corrected and is 
dangerous, may properly be treated by Caesarean section. Habitual 
death of the foetus before term may be treated in a succeeding pregnancy 
by operation performed at the 36th week. 

9. A previous Caesarean section is not necessarily an indication for all 
further deliveries by this method. If the original indication was a con- 
tracted pelvis, a healed fistula, or any other condition which is inherent, 
then obviously the operation will be necessary for every future delivery. 
If, however, the indication was placenta prcevia or anything which is 
not liable to be repeated, then a second Cresarean is not necessary simply 
because the uterine wall has been scarred. But if it is probable that 
the scar is thin from imperfect healing due to sepsis at the time of the 
previous operation, then it is safer to deliver all subsequent children by 
Caesarean section. This applies especially to the upper segment or 
classic operation. If the muscle union of the sear is imperfect because 
of healing by granulation in the presence of infection, rupture of the 
scar during labour is probable, but a similar degree of “ thinning ” 
of the scar of the lower segment operation does not offer anything like 
the same danger. The general considerations are the position of the 
scar, and the existence of fever, and therefore presumably infection 
during the puerperium which followed the previous operation. 

CAESAREAN SECTION DURING LABOUR 

Whereas the mortality of the deliberate operation done before 
labour, or at its very onset before rupture of the membranes or vaginal 
examination, is low, not more than 1 per cent or 1-5 per cent, it rises 
when it is performed after the membranes have ruptured, and it rises 
sharply after efforts have been made to deliver by the vagina. Since 
the widespread adoption of the lower segment method, this statement 
needs modification, for experience has shown that even in the presence 
of infection the risks are not so great as for the old classic operation. 

During labour, Csesarean section for a live baby competes with 
craniotomy when the child is moribund or dead, and the indication 
is nearly always contracted pelvis, though not uncommon difficulties 
are rigidity of the cervix or inertia, prolapse of the cord or certain 
inalprescntations. The operation is therefore proposed for the sake 
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of the child, because only in severe cases of contraction will craniotomy 
be sufficiently difficult to cause risk to the mother’s life. 

If the labour is a so-called trial or test labour , every care will have been 
taken, firstly, to avoid vaginal contamination, and, secondly, not to 
delay operation until the child has been distressed. In these conditions 
the end-results are likely to be as good as when the operation is done 
before labour begins. But it is a very different matter if the woman has 
been examined several times, or if forceps have been applied. The 
danger of infection can only be justified if the condition of the child is 
good enough to promise a live birth. It is necessary here to point out 
that, even if the child is in good condition, as judged by its heart sounds, 
it does not follow that it will survive a Caesarean delivery. After a 
long labour following rupture of the membranes or a failed attempt 
at forceps delivery, the condition of the child is not so good as the heart 
sounds would suggest. The child suffers a definite degree of shock by 
abdominal delivery, and if it has already been stressed by labour and 
forceps, the chance of survival is poor. It is not justifiable, therefore, 
to subject the mother to the grave risk of Caesarean section for the 
sake of a child which is likely to be still-born. 

It may be said now, in the light of experience of the lower segment 
operation, that the classic operation is quite unjustifiable after the 
membranes have ruptured. Whereas the mortality is about 1 per cent 
when the operation is done for contracted pelvis before labour, after 
the membranes have ruptured and forceps have been applied it rises 
to the region of 28 per cent. 

COMPARISON OF UPPER AND LOWER SEGMENT CESAREAN SECTION 

There is no doubt that the classic operation is easier and quicker to 
perform. It can be done comfortably by most operators in 20 minutes 
or less, and there is no risk of injury of viscera or large vessels. The 
writer believes that there is still a field for this method, though in many 
clinics it has been entirely discarded. The chief indications are : 
intervention before labour has begun, that is, before the lower segment 
has been pulled up and defined anatomatically, and if sterilisation is to 
be carried out at the same time. The chief disadvantage of the fundal 
incision, namely, rupture of the scar in future pregnancy or labour, 
will not therefore be a consideration. It is also a safer operation for 
the inexpert or occasional operator, as it demands no knowledge of 
anatomy, and there is no danger of visceral injury. 

There are, however, many counts against the upper segment 
Caesarean section. The chief is the risk of subsequent rupture of the 
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uterine scar. Holland gives the figure of 4 per cent. K. M. Wilson 
{Am. Journ. Obst. and Gyn ., 1926 xii, 268,), in re viewing 133 pregnancies 
after Caesarean section, found 3 ruptures out of 39 women who had 
subsequent labour, of whom one died. Twenty per cent of the cases of 
rupture occur between the 7th and 84th month (Findley, Am. Journ. 
Obst. & Gyn., 1916, lxxiv, 411). Pulmonary embolism is much com- 
moner after the upper than after the lower segment operation. Phaneuf 
(Am. Journ. Obst. and Gyn., xxi, 1931, 498) describes a mortality of 3-7 
per cent due to embolism after the classic, and 1- 2 per cent after the lower 
segment operation. The writer’s mortality from embolism is 1 death 
out of 209 upper segment operations, or 0-47 per cent (total mortality 
of all cases 3*2 per cent, mortality of non-urgent cases 1-4 per cent). 

Other risks are intestinal adhesions and obstruction, either during 
the convalescence or during later years (the writer’s results show 0-47 
per cent mortality from this cause) ; adhesion of the uterus to the 
abdominal wall with the occasional formation of a uterine fistula ; 
peritonitis if the uterus is opened during labour in which infection has 
developed before operation ; and any of the complications which may 
follow’ laparotomy, e.g. ileus, pneumonia, bronchitis, and sepsis of any 
form. 

The great advantages of the lower segment operation are that the 
incision in the visceral peritoneum is made low down in the utero- 
vesical fossa, where the risk of spread of infection is at a minimum, and 
where intestinal adhesions are unlikely to develop ; secondly, that the 
uterus is incised in a part of its wall which is comparatively inactive 
during labour, and therefore less likely to rupture, a part which heals 
well, and is away from the placental site. This operation has been 
developed as a result of the search for a safe method of delivery during 
the course of labour, even if it is actually infected. The high mortality 
of the classic operation in these conditions rendered it unjustifiable, 
with the result that children were lost, and the mothers were subjected 
to long and lacerating delivery, perhaps after destructive foetal opera- 
tions. The lower segment operation is a great step forward, as is shown 
by the results of all clinics which have published their results. Phaneuf 
(Am. Journ. Obst. and Gyn., xxi, 1931, 498) reports on the end -results of 
418 operations. He reports a mortality of 5-6 per cent for the intra-peri- 
toneal operation with the longitudinal incision, and 3 per cent for the 
transverse incision. Of these cases (358) 154 had been done after labour 
began, and 41 after the membranes had ruptured. He also reports no 
rupture of the scar in 14 patients who had a subsequent labour, and no 
adhesions in 105 cases which were operated upon again at a later date. 
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Skeel and Jordan {Boston Obst. Soc. Proc., Nov. 20, 1934) have col- 
lected 2753 cases of lower segment operations with, a mortality of 2-5 
per cent (compared with a total mortality of 5-2 per cent in 3468 upper 
segment operations). Of these patients, 56 per cent were in labour, 
some for many hours, and 25 per cent had had the membranes ruptured. 
Greenliill reports the mortality rates as follows: classic operation, 
147 cases — 4*76 per cent, lower segment operation, 874 cases — 1-26 per 
cent. He states (1930) that the entire literature records only 22 cases 
of rupture of the lower segment scar, of which 18 operations were 
done during labour. 

All the evidence goes to show that the lower segment is the safer 
route, and that by this incision the scope of Caesarean section is extended 
to include treatment of patients who have been in labour for some hours, 
even after the membranes have been ruptured . The special scope of the 
operation is therefore as a means of completing trial labour where 
vaginal delivery proves to be impossible, and where every care is taken 
to avoid septic contamination. 

But despite the enthusiastic accounts of the operation, chiefly from 
America, it is necessary to add the warning that, no matter what may be 
the method and technique, it is still highly dangerous to open the abdo- 
men and the uterus in the presence of streptococcal infection. Not only 
is it of great danger to the life of the mother, but it puts her to the 
risks of sloughing abdominal wall, vcsico- vaginal fistula, chest complica- 
tions, and usually of a dead baby. 

Tnllat of Lyons {Bull. Jc la Soc. d'Obst., 21, G97, Nov. 1932) calls attention 
to the dangers of the lower segment operation when the uterus is infected. He 


reports the following figures : 

Xo. 

Dead. 

Percentage Mortality. 

Non-infected . 

43 

1 

2-3% 

Suspect . 

53 

3 

= 0% 

Febrile . 

14 

4 

28-5% 

He also shows the malign influence of 
Xo. 

ruptured membranes as follows : 

Dead. Perce □ (age Mortality. 

Non-ruptured . 

43 

1 

2-3% 

Up to 12 hrs . 

32 

2 

61% 

12 to 24 hrs . 

11 

1 

9 0% 

Above 24 hrs . 

12 

4 

33-3% 


These figures are not materially different from those of the fundal operation 
in the mam lesson they teach. 

Uterine scar. Many examinations of the uterine scar have been 
made at subsequent Ctcsarcan section. The fundal wall unites with 
perfect muscle-to-muscle union, provided it is sutured well and there 
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is no infection. If, however, the uterus is infected there will be a layer 
of granulation tissue between the muscle surfaces which will result in 
the formation of fibrous scar tissue (fig. 2151). The whole thickness of 
the muscle will fail to unite in parts, and in some places it may fail 
altogether, so that the peritoneum may come to lie in contact with the 
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decidua (fig. 2152). It is rare for such extreme failure of union to 
exist along the whole length of the scar, but at intervals the scar will 
show deep dimples or “ digital fossa) ” where the peritoneum and 
decidua are in contact. 

In the case of the lower segment the union is said to be more 
certain. After examining 37 specimens of scars of the lower segment 


incision Greenhill found results as follows : 

Complete muscular union. . . 6 

Small islets of connective tissue . 5 

Abundant areas of connective tissue . 21 

Extreme “ thinning ” of the scar . 5 


“ Thinning ” of the scar is a very common condition, but while in 
the upper segment it is highly dangerous, it seems to be of much less 
importance in the lower segment. Ordinarily the scar shows three 
layers: (1) A band of “sclerotic” (fibrous) tissue; (2) a baud of 
muscle tissue dotted with islets of fibrous tissue, probably representing 
the catgut suture prints ; and (3) a band of normal muscle. 

The causes of malunion of the lower segment incision are inclusion 
of islets of mucosa in the muscle stitching, formation of small Iucmat- 
omata, imperfect suture and suture material, and infection. As we 
might expect, the scar after incision for placenta prae via gives the highest 
rate of ruptures. Trillat records that of 26 ruptures 8 followed lower 
segment operation for placenta prae via. Greenhill divides his 37 cases into 
four groups according to firmness of union, and classifies them as follows : 

Group I. “ Perfect union ” 6 cases 

Group 2. Mild scarring, but not enough to interfere with con- 
traction of muscle 5 cases. 

Group 3. Much fibrous tissue, occasional distinct thinning of the 

scar 21 cases. 

Group 4. Great thiiming ; in some cases scar was less than 1-2 

mm. thick (^th of the normal thickness) . • 5 cases. 
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From, this study of scars Greenliill concludes that the conditions 
tending to produce a bad scar are : 

1 . The operation having been done after labour has been progressing 
for a long time. 

2. Presence of infection, as shown by fever during the convales- 
cence. Rupture of the membranes had, however, of itself no influence. 
The use of interrupted catgut sutures is better than the use of a 
continuous stitch. 

We may sum up, therefore, by saying that imperfections of the 
scar of the uterine incision are of much less importance in the lower 
than in the upper segment, as judged by the tendency to rupture. If, 
therefore, Ccesarean section has to be done in the presence of infection, 
there will be a greater chance of obtaining a functionally good scar in 
the lower segment, even if there are anatomical defects. When this 
is added to its other recommendations it must be agreed that, as a 
general rule, the lower segment operation is the one of choice. 

TECHNIQUE 

A. Upper Segment Casarean Section 

1. Preparation of the patient and theatre. The patient is prepared as 
for any simple abdominal operation. There are many modifications of 
procedure according to individual operations. An ordinary practice is 
to fix the operation for a time a few days before the expected date of 
labour. An aperient is given two days before, and an enema on the 
night before. The belly wall is shaved, washed, and painted with 2 per 
cent tinct. iod. in alcohol during the previous evening, and it is again 
painted before making the incision. A catheter is passed immediately 
before coming to the theatre. 

There is no need to describe the theatTe requirements when the 
operation is carried out in a hospital or private clinic, beyond stating 
that, in addition to the operating table, a table is needed for instru- 
ments, another to hold sterile dressings and howls of hot saline, and a 
third to carry the requirements of the child — eye swabs, cord ligatures, 
coramine or other stimulants, and a syringe. 

The surgeon employs an assistant who stands opposite, a nurse to 
preside over the instrument table, a nurse who shall not be surgically 
sterile, and a nurse whose sole duty it will be to receive the child and 
minister to its needs. As the child delivered by Ccesarean section is often 
apnceic, many obstetricians like to have a bath ready for the baby, but 
nowadays most of us have discarded the bath and only ask that the baby 
should be wrapped in a warm blanket and held quietly with its head low. 
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2. Ancesthesia. In this country the administration of anaesthetics 
has reached such a generally high standard that we are largely inde- 
pendent of local anaesthesia ; but on the continent of Europe and in 
America local anaesthesia is still widely used. The chief point is that 
the minimum quantity of anaesthetic should be given before the baby 
is released. The ideal combination is gas and oxygen with a small 
admixture of ether. After the child is delivered, the ether may be 
pressed if a greater depth is required. No pre-operative medication, 
such as morphia or the barbiturates, should be given, on account of the 
child, but a grain of atropine, half an hour before the scheduled time 
of operation, is useful for checking the secretion of pulmonary mucus. 
The combination of gas and oxygen with ether is so satisfactory that 
it may well displace time-wasting methods of local anaesthetic injection. 
Spinal anaesthesia is very often used as, by its effect on the lumbar cord 
and uterine muscle, uterine contraction is encouraged. It is not advis- 
able in cases of heart disease, or in most cases of associated illness, 
but for the deliberate operation spinal anaesthesia has much to 
recommend it. 

3. Operation. An incision of about 6 inches long is made in the 
middle line, or, better, just to the right, having about 2 inches of 
its length above the umbilicus. The object of placing the incision 
high up is to ensure that the abdominal scar shall not overlie the 
uterine wound to which it may become adherent. The abdominal 
wall is often very thin, and care must be taken not to cut through too 
quickly lest any adherent gut be wounded. Having opened the 
abdomen, wrap the edges of the wound with a large swab on each side, 
tucking it well under the deep surface. In this way the whole surface 
of the wound and skin is covered. A hand is passed to the cornu of 
the uterus to find out how much the uterus is rotated to the right. 
This is then pulled over to the left in order to ensure that the incision 
in the uterine wall shall be central. Unless allowance is made for the 
torsion to the right, the incision may lie near the left cornu, and enter 
the uterine cavity by an oblique cut through the muscle. The uterus 
therefore is central, and the abdominal cavity has already been well 
packed off to prevent the spill of liquor amnii and blood into the 
peritoneum. For the uterine incision a fresh knife is taken to avoid 
infection by a knife which has already cut skin. It is often thought that 
the uterus must be incised quickly and the child extracted as rapidly 
as possible. This is quite unnecessary and wrong. If incision of the 
uterine wall is hurried it cannot be cut cleanly, and subsequent 
apposition by suture must be imperfect- By a succession of strokes of 
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the knife the whole thickness of the muscle is divided. After each 
stroke the assistant rapidly and firmly swabs in the wake of the knife. 
From the more superficial layers, i.e. during the first two or three 
strokes, the bleeding is usually free, especially if the placenta is under- 
lying. But such bleeding is of no importance, and it should not induce 
one to hurry. While making the incision, care should be taken to 
extend it to each extremity. The whole length of the wound should 
be incised to an equal depth. It is important not to make the deepest 
part in the middle, as otherwise the extraction of the child will cause 
tearing of both upper and lower angles, diffi cult suture, and imperfect 
union. 

As the knife steadily and deliberately divides the decidua, its edges 
yield apart by the protrusion of the amnion through the incision. A 
few delicate strokes of the knif e are then made at each extremity to 
divide the last strands of the muscle and the decidua, so that the whole 
length of the incision has been utilised for exposing the amnion, or, 
often, the placenta. If the amnion is subjacent, there is very little 
bleeding at this stage, and the cleanly cut muscle edges fall away for as 
much as 2 inches in the middle, with the amnion projecting between. If 
the placenta presents, it is not so easy to recognise when the muscle has 
been entirely divided. But though there is much more bleeding when 
the placenta is on the anterior wall, care should nevertheless be taken 
to divide the whole thickness of the muscle from end to end. 

The hand is then passed through the amniou or round the edge of 
the placenta to find one of the feet. This is grasped, and the child is 
quickly extracted and held up by its foot for a few seconds while two 
artery clips are placed on the cord. The cord is divided immediately, 
and the child is handed to the nurse who is standing to receive it in a 
sterilised towel. Meanwhile the assistant has pulled the fundus out of 
the abdomen and stuffed a large swab into the abdominal wound above 
the fundus to prevent the escape of coils of gut. He then takes a large 
towel wrung out of hot saline and wraps it around the uterus, and holds 
it firmly ; but he should not exert any hard grip, nor should he attempt 
to remove the placenta while the surgeon is busy with the child. 
Having handed the child to the nurse, the surgeon returns to the 
uterus and removes the placenta and membranes. If the placenta has 
underlaid the incision it is a simple matter to continue the separation 
by inserting the hand between the placenta and uterine wall and, with 
a gentle sawing movement, complete its detachment. The membranes 
are usually easily peeled off as the placenta is gently and slowly drawn 
away. Great care must be taken to see tliat the chorion is removed 
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from the lower segment, and especially over the os, or the lochia will 
be retained. The lower segment cannot be easily inspected as it is 
below the incision, in darkness, and concealed by blood. Finally, the 
finger is passed just through the internal os, partly to dilate it, and 
partly to ensure that if any chorion is overlying the os, it is broken. 
A small fragment of chorion left attached to the lower segment is not 
of great importance, and need not delay the operation. 
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THE DECIDUA. 

Suture of the Uterine Wall. There are several methods of suture. 
The writer has practised the same method for many years, and has no 
reason to alter it because of bad results. This method will therefore 
be described in detail. 

Ease and rapidity of suture will depend to some extent on how the 
uterus is held by the assistant. He places each hand over a towel flat 
on each side of the fundus, thereby compressing the walls and retarding 
bleeding. The cut surfaces of the muscle then face upwards to the 
operator, inside the radial borders of his hands. A silkworm-gut suture 
mounted on a large, curved cutting needle is then entered near the 
lower angle of the wound at the very edge of the peritoneum fairly 
deeply into the muscle, down to, but not including the decidua 
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(fig. 2153). It is most important not to encroach on the decidua. The 
needle is entered on the other face of the incision just superficial to the 
decidua, and, with a similar bite of the muscle, brought out at the edge 
of the peritoneum (fig. 2154). The assistant then turns the cut surfaces of 
the incision inwards towards one another to bring the cut peritoneal edges 
together, and the silkworm-gut is tied fairly tightly by a double knot. 
The surgeon himself then cuts the gut close to the knot. A second 
needle is taken and inserted about 2 cms. (or \ inch) from the first, and 
tied. In this way the whole incision is closed by a row of interrupted 
silkworm-gut stitches. As the upper angle of the wound is approached, 
it is not possible to tic the penultimate stitch until the last has been 
inserted. When the first row lias been inserted the whole fundus is 
enclosed by a hot wet towel and compressed for a few seconds, aud a 



INSERTION or TBE SILEWOBU-CCT 
SUTURE 



Fij 2156- — buirntor ltebive 
wound Vertical diagram or 

THE LNSERTIOT or TUI SECOND 
LAI EH or CAtOUT STITHIES 



F>f. 2157 — Suture or ituuse 
« ™ jib. Diagram or the mots 
tied lx the not re. tub second 
WITCH ~ AERO MUSCULAR — HA* 
NOT BEES TIED TIGHTLY ETOCOII. 
TO BELNO TUE PERITONEAL *CR- 
packs ist o i rrosrnoT. 


dose of 5 units of pituitary extract is given. If it is given at an earlier 
stage, it may induce such strong contraction as will make the subsequent 
sutures “ cut out.” 

The next and last line is a row of interiupted No. 1 catgut sutures 
inserted by a round-bodied, curved needle. The needle takes a 
Lembert bite of peritoneum and muscle ou each side of the incision, 
at intervals between the silkworm-gut knots (fig. 2155). A further 
number of similar sutures is then placed over the knots (fig. 2156). 
By this means the silkworm-gut is entirely buried, and the thickness 
of the uterine wall is built up along the incision (fig. 2157), 

After further pressure through a hot towel, the uterus is dropped 
back into the abdomen, and the utero-vesical pouch and other pockets 
are carefully and gently swabbed clean of blood and liquor amnii. If 
the uterus has been soft and flabby during the time of suture, it should 
be compressed ill a towel from time to time, but however soft it has 
been, it nearly always contracts well as soon as it has been replaced. 

The abdominal wall is then closed in tlie usual manner. 
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Alternative methods of suture of the uterine wall are by the use of 
three layers of catgut, either interrupted or continuous. The continu- 
ous suture has the objection that, as the length of the incision rapidly 
diminishes with involution, the catgut will become slack. This has 
been obvious at post-mortem examination during the puerperium. 
An objection to catgut is that it tends to be quickly absorbed by the 
autolysing muscle, and that its sterility cannot be entirely guaranteed. 
Thread and silk are definitely bad suture materials on account of the 
difficulty of ensuring sterility. Silkworm-gut can be guaranteed sterile, it 
is not absorbed, and it does not cause irritation of the surrounding tissues. 

Holland’s review of the cases of rupture of the uterine scar showed 
that the majority had followed the use of catgut, while there were no 
reported cases following silkworm-gut. 

Sterilisation. For some patients sterilisation is advisable; for 
example, after a third Caesarean section, or for certain associated 
diseases such as cardiac disease and nephritis. There are other cases 
also, where the indications are not so tangible, and where the patient may 
not care for the adventure of a repeated operation, for whom sterilisa- 
tion would appear to be justifiable. The propriety of this measure will 
depend on many factors apart from medical details, not excluding 
religious and moral influences. It is important to assume a fairly rigid 
attitude and, while having due regard for real considerations, even if 
not strictly medical, we should refuse to sterilise a woman unless it 
seems likely that the reasons advanced to-day will be permanent. 

The most certain method is bilateral salpingectomy. The important 
point is to excise a small piece of the interstitial portion of the tube 
at the cornu by a wedge-shaped incision, and to sew the edges well 
together so that the tuba 1 opening is completely buried. Unless the 
opening is well covered, sterilisation is not certain. Mere ligation of 
tlie tube with silkworm-gut is useless, and so also is resection of a loop 
of the tube without burial of the uterine end. 

After-Treatment. No special after-treatment is required beyond that for any 
laparotomy. The best aperient is castor oil. It should be taken after forty-eight 
hours, and should it be delayed in action, an enema is given. If flatulence is pain- 
ful during the first two days, a turpentine enema can be given at any time. 

The child should be put to the breast after twenty-four hours, and breast- 
feeding should be encouraged. The patient is seldom troubled with post-anrcsthetic 
vomiting, and can therefore take solid food the next day. She should bo 
allowed to get up on the 16th day if all is going well. 

Complications. The sequelae which are liable to follow the classic 
Caesarean operation are flatulence, ileus, and even organic obstruction 
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due to a coil of small intestine becoming adlierent to the uterine wound. 
Septic complications are very rare after the deliberate operation. If it 
ha s been performed upon an infected patient, sloughing of the abdomi- 
nal wound, infection of the uterine wound, adhesion to the parietes, and 
peritonitis may all occur. In addition, these unfortunate patients are 
liable to septic pneumonia and its results. Acute dilatation of the 
stomach is not uncommon, particularly in the timid, nervous type. It 
shows itself after 4S hours by gastric distension, prostration, and the 
characteristic spurts of vo mitin g. Flatulence is usually overcome by 
enemata, either turpentine or ox-gall, combined with a simple car- 
minative medicine. Paralytic ileus is much more serious. There is 
great dehydration by leakage of fluid into the gut, and prostration. 
If the ordinary measures for the milder cases fail, give prostigmin 
5 cc. intramuscularly. Its results are remarkable. Within G minutes 
the bowel usually acts rigorously, discharging large quantities of flatus 
for an hour or more. In cases of peritonitis the abdomen must be 
opened and drained, though the outlook is almost hopeless. 

B. Loiter Segment Casarmn Section 
The patient should be in the Trendelenburg position. The incision 
is G inches long from the umbilicus to the pubes in the middle line. 
When the edges of the abdominal wound are retracted the lower seg- 
ment and bladder are well exposed. The actual upper boundary of the 
lower segment is given by the limit of loose attachment of the 
peritoneum, which, after labour lias been in progress some hours, has 
been pulled well up towards the umbilicus. The greater definition of 
the lower segment by the action of the fiindal contractions renders the 
operation much easier than before labour has begun. The whole of 
the peritoneal cavity above and to the sides is well packed off by swabs. 
This closure of the cavity to contamination is one of the essential 
features of the operation. Some operators try to achieve the same 
object by stitching the visceral to the parietal peritoneum, but this 
takes longer and is probably not so efficacious. 

Having exposed the field, note the line which defines the area of 
loose attachment of peritoneum cov ering the lower segment from that 
which is closely applied to the fundus (fig. 2I5S). It runs transversely 
across the uterus and marks the limits of the two segments. The loose 
peritoneum is incised transversely, abont 1 inch below the line of its 
lower attachment, as far as the limits of the exposure. Xo vessels will 
be cut at this stage. The lower flap is easily raised, by finger dis- 
section, carrying the bladder with it (see fig. 2159). The separation is 



OBSTETRIC SURGERY 


3921 


easy, but as the lower limits are reached, large veins may be 
opened at the lateral parts of the wound. These are caught and 
ligatured. The edge of the peritoneal flap is stitched to the 
lower angle of the abdominal wound to hold it out of the way. 
The upper flap is similarly pushed up to the limit of its loose 
attachment, and now the lower segment is completely exposed. 


m 



Choice must now be made between a transverse and a longitudinal 
incision into the uterus. Most operators favour the transverse. It is 
difficult to find room for the longitudinal incision wholly within the 
anatomical limits of the lower segment before it has been pulled up 
by the contractions of labour. It is therefore very easy to extend the 
incision, or it may tear into the upper segment as the child is being 
withdrawn, and it is this encroachment into the upper segment that 
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has probably been responsible for such ruptures of the sear as have 
followed the lower segment operation. On the other hand, it is easier 
than the transverse section, and does not risk the division of the large 
veins at the lateral extremities of the transverse incision. The choice 
of incision should meet each individual case. If the woman has been 
in labour long enough for the lower segment to have been pulled up well, 
there is sufficient space for the longitudinal incision to be entirely 
confined to the lower segment, but if the operation is done before the 
onset of labour, the transverse incision is the more convenient (fig. 21 GO). 
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Before incising the uterus, some preparation must be made for removing 
the blood which wells up in the deep utero-vesical space. The best 
method is the vacuum sucker which is found in most modem theatres, 
but if this is not available plentiful large absorbent packs must be at 
hand. A good Trendelenburg position is helpful at this stage as it 
allows the blood to flow away from the site of incision. One of the most 
important details of the technique of the lower segment method is the 
successful management of the effused blood and liquor amnii. This 
operation is done, amongst other things, in place of the classic operation, 
to avoid infection by contaminated liquor, and if this is allowed to spill 
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into the general peritoneal cavity the advantage of the sequestrated 
area of the lower segment is lost. Every care, therefore, must be taken 
in the disposal of the spilt liquor. We should not be going too far if 
we said that the skill and experience of the surgeon, apart from the 
prognosis of the operation, would be more apparent from the way he 
dealt with the effusion than with the actual steps of cutting and suturing. 

The Incision. We will describe the transverse incision, as this is 
generally preferable. Some operators define the lateral limits of the 
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incision by two catgut stitches, passed deeply into the muscle, with 
their ends left long. They may assist in haemostasis, and also in prevent- 
ing the wound from tearing into the lateral area of the uterine wall. 
Or, instead of sutures, tissue forceps may be used. 

Having, therefore, made every arrangement for the absorption of 
“ spill,” and defined the limits of the incision, make a transverse cut 
along its whole length, repeating the stroke carefully until the amnion 
is reached. Usually the amnion is divided as the last stroke is made 
through the muscle, for the wall is much thinner than that of the upper 
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segment. Blee ding easily obscures the wound and makes it impossible 
to see clearly how deeply the muscle is incised until the child’s head 
comes into view. Another method (described by De Lee) is to make a 
small hole into the uterus at one end of the incisiou and then pass a pair 
of intestinal chimps, one on each side of the intended track of the cut, 
along its whole length. The clamps grip the muscle walls and prevent 
bleeding. The rest of the incision is completed by passing one blade 



of a pair of scissors through the preliminary opening, and cutting along 
the whole length (fig. 2161). Obvious large sinuses are then grasped 
by tissue forceps, and the clamps are removed. 

Extraction of the Child. The occiput or parietal bone usually pre- 
sents. The simplest method is to lever the head out of the incision 
by passing one blade of the obstetric forceps round and underneath 
(fig. 21 02). The head is thus easily raised out of the wound, and the 
whole body slowly removed, first one shoulder and arm and then the 
other. As the head is the first part to be delivered, there is no need 
for subsequent hurry. Some operators apply both blades to the head 
and deliver the head by the ordinary method of forceps extraction. If 
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this is done, care must be taken to see that the head is rotated to bring 
the occiput to the front. This can be effected by traction on the scalp 
with a pair of tissue or Willett forceps. If the face presents it can be 
extracted by hooking a finger in the mouth combined with a little 
pressure on the sides of the lower segment. If the child’s body is re- 
moved slowly after the head, time can be taken in sponging the eyes and 
clearing the mouth of mucus. Also the uterus has time to contract down. 



Fig . 2162 —Lower segment section. The head is beiso levered out or the 

LOWER SEGMENT BT A BLADE OF THE FORCEPS. 


The Placenta. Immediately the head has been delivered the nurse 
injects a dose of 5 units of pituitary extract. If the edges of the wound 
are bleeding freely from any obvious sinuses, toothed forceps such as 
small vulsella are applied. Do not use a crushing clip like the ordinary 
artery forceps, or the muscle at the edge of the incision will be damaged. 
After a few moments the contracting fundus will have begun to separate 
the placenta and push it down into the wound. This may be encouraged 
by a little pressure through the abdominal wall, but it is inadvisable to 
compress the fundus directly as this means soiling the abdominal cavity 
which we have taken so much care to avoid doing. If or is it good to pass 
the hand into the uterine cavity and remove it manually, although if 
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the separation is sluggish this may be necessary. It is better than 
removing the “ walling-off ’’ packing ami passing the hand up into the 
abdomen to grasp the fundus. 

Suture of the IPouw/- Use interrupted Xo. 3 catgut. The muscle 
wall of the lower segment is covered with a thin layer of fascia, and on 
its deep surface there is the decidua. Pass the first row of sutures 
through the thickness of the muscle only, avoiding both the fascia 
and decidua, and place them about \ an inch apart (fig. 2163). A 



few extra ones may be inserted afterwards to stop any bleeding. It is 
important to avoid the formation of a hajmatoma. It is well now to put 
in a second row of muscle stitches over the first, to cover the first row, 
using a fine No. 1 catgut (fig. 2164). The fascial covering is next 
united by interrupted thin catgut sutures, and finally the peritoneum 
is approximated by a continuous suture of fine catgut (fig. 2105). 
After all the stitching is complete, mop away gently every drop of blood, 
vemix and liquor amnii, carefully remove the swabs which packed off 
the abdominal cavity, change the gloves of both surgeon and assistant, 
and sew up the abdominal wall with a fresh set of instruments. 
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C. Porro s Operation 

Porro devised Iiis operation in 1877 to avoid the mortality due, in 
those days, to haemorrhage and infection. It consists in removing the 
child through the fundal incision, leaving the placenta in situ, removing 
the uterus by the supra-vaginal amputation, and stitching the stump 
outside the peritoneum to the lower angle of the wound. The essential 
step is the last. To avoid the risk of contamination of the peritoneum. 
Porro felt that the stump should be extra-peritonealised. 

It is still sometimes necessary to remove the uterus (Caesarean 
hvsterectomy), e.g. for fibroids, very occasionally for abruptio placentae 
(accidental haemorrhage) where the uterine wall is in a pathological 
condition and unable to contract, and also for certain rare cases of 
dangerous infection. But it is seldom if ever necessary now to treat 
the stump as advised by Porro, and performance of the operation as 
described by him is exceedingly rare. 

D. Extra-peritoneal Casarean Section 

Several methods have been devised to approach the lower segment 
outside the peritoneal cavity, in order to avoid the risk of peritonitis in 
cases of labour which are frankly septic. The best is Latzko's opera- 
tion. This is much more difficult than the ordinary operation and 
should not be done as a routine measure, but if it is ever necessary to 
operate after many hours of labour, during which attempts have been 
made to deliver, Latzko's operation is the method of choice. 

Published results by Kiistner and Bumm (Berlin) show' four maternal 
deaths in a series of 226 operations, and, in addition, Kiistner injured 
the bladder in 7 per cent of his patients, and also had trouble from 
ureteral fistula, ha?morrhage into the broad ligament, and thrombosis. 
A recent paper by Fleischer and Kustner (Surg., Gi/n. and Obsi., LX3, 
Nov.. 1935) recommends Latzko’s operation for definitely infected cases, 
and quotes his series of 19 in which there were no deaths, nnd only four 
patients who had serious post-partum complications. They remark upon 
the small amount of hemorrhage and shock. 

Technique. (Quoted by De Lee — Princi yles and Practice of 
Obstetrics.) Briefly the technique is as follows : The patient is in the 
Trendelenburg position, and 150 cc. of saline have been injected 
into the bladder. The catheter is left in situ and clamped. The incision 
is sub-umbilical, and about an inch to the left of the middle line. The 
knife is carefully carried down to the peritoneum, which must on no 
account be opened or pricked. In the lower part of the wound the 
peritoneal fold is sought for and pushed up from the lower segment and 
bladder. The bladder is recognised by reason of its contained saline, 
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and then emptied by unclamping the catheter, which is still left in 
position. The bladder is then carefully peeled off the uterus by pushing 
it downwards and to the right, while the utero-vesical peritoneal fold 
is also pushed to its upper limit, off the lower segment. If the woman has 
been in labour for some time, the lower segment has been pulled up, and 
a fair area of it is available. Some care and time is necessary for this 
dissection, and all vessels must be tied lest a hsematoma should form in 
the space of Retzius. Loose blood is the chief cause of abscess formation 
later. When the maximum length of the lower segment has been exposed, 
the lateral areas are thickly padded by swabs to absorb blood (there 
will be little liquor amnii since the membranes will have been ruptured 
for some hours in a patient for whom this operation has been selected). 
A longitudinal incision in the lower segment is made by first making 
a small hole with a knife at its upper extremity and then completing 
it with blunt-pointed scissors. The wall will be very thin at this stage 
of labour. The table is then returned to the horizontal position and the 
head extracted as described in the previous section. Take care to 
deliver the child very slowly. When the head has been extracted, 
take time ; n sponging the eyes and mouth. The child will certainly 
be shocked and in poor condition before the operation is begun, 
therefore do not add to the shock by rapid delivery. Deliver each 
shoulder slowly and tenderly, and then slowly withdraw the body, 
quickly clamp the cord, and immediately wrap the child in a warmed 
blanket and instruct the nurse to place it on an inclined surface with 
the head down. Apart from an injection of coramine and a gentle jet 
of oxygen and carbon dioxide (7 per cent) playing over the mouth and 
nose, no other treatment should be administered. On no account should 
the child be made a victim of artificial respiration. 

The wound in the uterus should be sewn up as previously described, 
and the bladder and peritoneal pouch brought back into position. Any 
bleeding point is ligatured, the area is carefully mopped dry, the swabs 
are removed, and a small rubber drain is inserted for 24 hours. The 
abdomen is closed in the usual way. 

SUMMARY OF INDICATIONS FOR THE VARIOUS METHODS OF 
CSSSAREAN SECTION 

The classic operation should only be undertaken before labour has 
begun, for deliberate cases, for certain cases of placenta pnevia, where 
it may be necessary to operate as quickly as possible, in short, for all 
emergencies where the patient must spend the minimum time on the 
table. It should also be the operation of choice for the inexpert and 
occasional operator, faced with an emergency, and for all cases where 
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old adhesions or obstructing fibroids would render the approach to the 
lower segment difficult. 

The lower segment operation has become elective in nearly all 
clinics abroad and in Scotland, but it has not yet become widely 
adopted in London. It is specially suitable after labour has begun, 
i.e. for all trial labours, and in all cases of suspected infection. If, 
however, for any special reason abdominal delivery must be carried out 
where infection is certain, perhaps the safest method is the extra- 
peritoneal method of Latzko. It is, however, difficult, long, and has its 
own special risks, and it can only be justified by some special importance 
attached to a child, which, despite efforts at delivery, is still in good 
condition. Truly, a very rare combination of circumstances ! 

As a competitor with Latzko's operation, that of Porro would be 
the winner. It is easier, quicker, and more certain to eradicate the source 
of infection. Its opponents claim that the peritoneal cavity is opened, 
and therefore the woman is put to a greater risk of fatal infection. 
But is it yet certain that the pelvic cellular tissue is more resistant to 
a rapidly permeating infection than the peritoneum ? The writers 
experience is that the cellular tissue of the space of Retzius and the base 
of the broad ligament is more vulnerable than the peritoneum, and of the 
two operations, Latzko's and Porro’s, he feels that the latter is the safer. 

The variations of the Qesarean technique all have for their object 
the extension of the abdominal delivery to save a child which Is still 
alive, without risking the mother's life by sepsis. Before, or early 
in, uncontaminated labour there is no problem. But after the mem- 
branes Lave been ruptured many hours, if the child is still alive, there 
is a problem indeed ! We feel that the child, in these circumstances, 
is never so well as it seems by auscultation, and that, as a rule. Caesarean 
deliver)’ at great risk to the mother will yield a child, which, if not 
born dead, will, after a few gasps, sink into death. It has further to 
be remembered that success by these desperate operations can only be 
achieved by expert professional operators who are not often available. 
The general practitioner operator , icho is usually the one to be faced icith 
these emergencies, cannot be expected to succeed, and he should not attempt 
them. What is gained by the delivery of a dead baby from a mother 
who, even if she survives, will have a stormy, infected convalescence, 
with the great risk of rupture of the scar in a future pregnancy because 
of imperfect and infected uterine suture ? For these unfortunate 
women craniotomy is the safer procedure. A little time more and the 
child will be dead. Xo prejudices are therefore offended, and the mother 
will live to have more children. 
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Introduction and Historical Review 

Cardio-vasculak surgery embraces two very different entities. One is 
the surgery of the blood-vessels, which dates its birth from the very dawn 
of history, deals with such common conditions as arterial and venous 
wounds, varicose veins, phlebitis, arterial occlusions, etc., and mostly 
concerns itself with easily accessible and “ safe ” regions. The other is 
the surgery of the heart, the infant of the surgical art, no older than 
the present generation, and concerned with the most vital and least 
accessible of human organs, but already a field of great achievement, and 
of even greater promise. 

Probably the earliest of all surgical procedures was the arrest of 
bleeding from a wounded vessel by pressure. The ancient Hindus, the 
great surgeons of antiquity, were familiar with every method of con- 
trolling haemorrhage except the ligature, while blood-letting undoubt- 
edly had its birth in prehistoric times. The first golden age of vascular 
surgery, however, came in the second century a.d., almost entirely 
from the work of Greek surgeons. In this century Heliodorus first 
described ligature and torsion of blood-vessels, and Antyllus founded 
the operative treatment of aneurysms with the extremely rational 
procedure which still bears his name (see page 40G2). Also in the 
second century Galen proved that the arteries contain blood, and that 
a ligated artery pulsates proximal to the ligature, but not distal to it. 
During the Byzantine period an important contribution was made by 
Aetius in the sixth century, to whom is due the first description of 
proximal ligature for aneurysm. 

After the hiatus of the Dark Ages, vascular surgery shared in the 
awakening of medical knowledge at the Renaissance. Late in the 
thirteenth and early in the fourteenth centuries important additions 
were made by three mediaeval surgeons : Salicelo, who showed how to 
diagnose an- arterial wound by the spurting of blood, and Lanfranc 
and Henri de Mondeville, who arrested haemorrhage by digital pressure, 
ligature, and styptics, and were familiar with torsion and acupressure. 
For some centuries after this it was fashionable to treat wounds and 
arrest haemorrhage with boiling oil or cauterisation. Great credit is 
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Surgery of the Heart 

SURGICAL AX ATOMY AND PHYSIOLOGY OF THE HEART AND 
PERICARDIUM 

Until quite recently the heart was the only important organ the 
ana tom v and physiology of which was not of material concern to 
the surgeon. This is no longer the case. The heart is now coming into the 
province of surgery to an extent undreamed of twenty years ago, and 
the surgeon who aspires to operate upon it must acquire an accurate 
knowledge of its anatomy and physiology. The importance of its exact 
position and surface relations, and of the bearing these have on the 
problems of surgical approach, b obvious. No less essential b a know- 
ledge of its pericardial and other relations, of its blood supply, and of 
its intrinsic and extrinsic neuromuscular mechanisms. 

POSITION AND RELATIONS 

The heart, enclosed in the pericardium. lies obliquely in the widest part of the 
middle mediastinum, the space between the two pleural sacs, which is bounded 
below by the diaphragm and above by an imaginary plane passing from the lower 
border of the fourth dorsal vertebra to the lower border of the manubrium sterni. 
Posteriorly. the pericardium is separated from the middle four dorsal vertebra? 
bv the contents of the posterior mediastinum, the oesophagus being an imme diate 
contact relation and intervening between it and the descending aorta and thoracic 
duct. Literally, the pericardium is in close contact with the mediastinal pleura 
on both sides, the phrenic nerves running down between them a little in front of 
the nulmonarv roots. 
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varies with the size and build of the patient, and with the presence or absence 
of bulging of the pericardium or heart ; under average conditions the apex of 
the triangle is at the level of the fourth costo-stemal junction, its base is at the 
stemo-xiphoid junction, its right margin runs down almost vertically a little to 
the right of the mid-line, while its left margin slopes down and to the left to meet 
the base on the sixth left costal cartilage, at a variable distance from the sternum 
(usually one to two inches). The triangle is thus almost entirely to the left of 
the mid-line. 

The actual topography or surface marking of the heart is made clear in fig. 2166, 
without the need of detailed description. About two-thirds of the organ lie in 
the left half of the thorax, and one-third in the right half. The surface relations 
of the heart chambers are roughly as follows : behind the sternal ends of the right 


Ftg 2160. — Surface relations 
PERICARDIUM. 



costal cartilages is the right auricle, with a little of the right ventricle ; behind 
the sternum is the right \entricle, with the roots of the aorta and pulmonary 
artery ; and behind the left cartilages are the left ventricle and auricle. 

Exterior of Heart (figs. 2167 and 2168). 

The heart is conical and lies free in the pericardial sac except at its base, 
where it is fixed by the great vessels which enter and leave it. The base , or 
posterior surface (fig. 2167), looks backwards, upwards, and to the right, and is 
made by the quadrilateral left auricle (receiving the right and left pulmonary 
veins), assisted by the posterior surface of the right auricle (receiving the superior 
and inferior venae cavae). The auricles are prolonged forwards into auricular 
appendices, and between them form a crescent which embraces the roots of the 
aorta and pulmonary artery ; an interauricular groove separates the bodies of 
the two auricles posteriorly. The apex of the heart is directed downwards, for- 
wards, and to the left, and is made entirely by the left ventricle. 

The anterior surface (fig. 2168) is convex and looks upwards as well as forwards. 
The greater part of it is made by the right ventricle, but to the right of this can be 
seen the anterior part of the right auricle, with its appendix, the right auriculo- 
ventricular groove intervening. To the left of the right ventricle is a narrow area 
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Surgery of the Heart 

SURGICAL ANATOMY AND PHYSIOLOGY OF THE HEART AND 
PERICARDIUM 

Until quite recently the heart was the only important organ the 
anatomy and physiology of which was not of material concern to 
the surgeon. This is no longer the case. The heart is now coming into the 
province of surgery to an extent undreamed of twenty years ago, and 
the surgeon who aspires to operate upon it must acquire an accurate 
knowledge of its anatomy and physiology. The importance of its exact 
position and surface relations, and of the bearing these have on the 
problems of surgical approach, is obvious. No less essential is a know- 
ledge of its pericardial and other relations, of its blood supply, and of 
its intrinsic and extrinsic neuromuscular mechanisms. 

POSITION AND RELATION'S 

The heart, enclosed in the pericardium, lies obliquely in the widest part of the 
middle mediastinum, the space between the two pleural sacs, which is bounded 
below by the diaphragm and above by an imaginary plane passing from the lower 
border of the fourth dorsal vertebra to the lower border of the manubrium sterai- 
PveimoAy. the pericardium is separated from the middle four dorsal vertebra 
by the contents of the poaterior mediastinum, the msophagus being an immediate 
contact relation and intervening between it and the descending aorta and thoracic 
doct. Laterally, the pericardium is in cloae contact with the mediastinal pleura 
on both sides, the phrenic nerves running down between them a little in front of 
the pulmonary roots. 

Anteriorly, the heart and pericardium are very largely overlapped by the thin 
front margins of the longs and pleurae, which separate them from the lower 
three-quarters of the body of the sternum, and from the sternal ends of the costal 
cartilages attached, to it (3, 4, 5 and 6). There is, however, an extremely important 
triangular area, opposite the cardiac notch on the front margin of the left lung, 
where the pericardium is uncovered by the pleura, and where it is immediately 
related to the left half of the sternum, below the fourth left coital cartilage, and 
also to the sternal ends of the fifth and sixth left cartilages (fi*. 2166). This 
triangular area constitutes the so-called “ triangle of safety,” and indicates the best 
approach for exposure and need ling or drainage of the pericardial sac. Its size 
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varies with the size and build of the patient, and with the presence or absence 
of bulging of the pericardium or heart ; under average conditions the apex of 
the triangle is at the level of the fourth costo-sternal junction, its base is at the 
stemo-xiphoid junction, its right margin runs down almost vertically a little to 
the right of the mid-line, while its left margin slopes down and to the left to meet 
the base on the sixth left costal cartilage, at a variable distance from the sternum 
(usually one to two inches). The triangle is thus almost entirely to the left of 
the mid-line. 

The actual topography or surface marking of the heart is made clear in fig. 2166, 
without the need of detailed description. About two-thirds of the organ lie in 
the left half of the thorax, and one-third m the right half. The surface relations 
of the heart chambers are roughly as follows : behind the sternal ends of the right 



costal cartilages is the right auricle, with a little of the right ventricle ; behind 
the sternum is the right ventricle, with the roots of the aorta and pulmonary 
artery ; and behmd the left cartilages are the left ventricle and auricle. 

Exterior of Heart (figs. 2167 and 2168). 

The heart is conical and lies free in the pericardial sac except at its base, 
where it is fixed by the great vessels which enter and leave it. The base, or 
posterior surface (fig. 2167), looks backwards, upwards, and to the right, and is 
made by the quadrilateral left auricle (receiving the right and left pulmonary 
veins), assisted by the posterior surface of the right auricle (receiving the superior 
and inferior vernc cavas). The auricles are prolonged forwards into auricular 
appendices, and between them form a crescent which embraces the roots of the 
aorta and pulmonary artery ; an interauricular groove separates the bodies of 
the two auricles posteriorly. The apex of the heart is directed downwards, for- 
wards, and to the left, and is made entirely by the left ventricle. 

The anterior surface (fig. 2168) is convex and looks upwards as well as forwards. 
The greater part of it is made by the right ventricle, but to the right of this can be 
seen the anterior part of the right auricle, with its appendix, the right auriculo- 
ventricular groove intervening. To the left of the right ventricle is a narrow area 
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of left ventricle, forming the thick and rounded left border of the heart, with the 
anterior interventricular groove intervening. The upper end of this groove is 
hidden by the left auricular appendix, which projects round from behind. Between 
the two auricular appendices can be seen the roots of the pulmonary artery and 
aorta, the former lying to the right and in front of the latter at their commence- 
ment. 

The inferior surface {fig. 2167) is flat and lies on the central tendon of the 
diaphragm. It is formed mostly by the left ventricle and completed by the right 
ventricle, with the inferior (or posterior) interventricular groove separating them. 

Internal Mammary Aitery (fig. 2169). 

The exact position of this vessel is of importance, both in the operative 
approach to the heart and pericardium, and in the diagnosis of precordial wounds. 





Arising from the first part of the subclavian, it passes down behind the inner end 
of the clavicle, and behind the iuner portion of all the costal cartilages down to 
the sixth Accompanied by its venae comites it lies a quarter to three-quarters 
of an inch from the edge of the sternum. In front of it are the costal cartilages 
and intercostal muscles, with the anterior ends of the upper six intercostal nerves. 
Behind it is the pleura and triangularis sterui muscle ; beloiv the level of the 
fourth costal cartilage the left artery has the pericardium as a posterior relation 
(in the region of the “ triangle of safety ”). Reaching the sixth intercostal space, 
the artery divides into its superior epigastric and musculo-phrenic branches. 
The Coronary Vessels (figs. 2170 and 2171). 

A knowledge of the anatomy and physiology of the coronary circulation is 
essential in practically every form of surgical intervention upon the heart. Thus, 
a main vessel may be included in the suture of a heart wound, with disastrous 
results, or such a vessel may be pricked in needling for pericarditis, with the 
production of an intrapericardiai haemorrhage and a fatal acute compression 
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(tamponade) of the heart. Similarly, a coronary vessel may be tom during the 
operation of freeing the heart in adherent pericarditis. The physiology of the 
coronary circulation is particularly important in the very recent surgical procedures 
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TRANsveftSAua abdominis 

directed to the relief of angina pectoris, organic coronary disease, and other 
vascular lesions of the heart. 

The coronary arteries (fig. 2170) are two in number, right and left, and arise 
from the sinuses of Valsalva at the very commencement of the ascending aorta. 




They lie on the surface of the heart, embedded in a variable amount of fat. The 
right coronary runs forward between the right auricular appendix and the root of 
the pulmonary artery, and then down in the right aunculo- ventricular groove, 
on the anterior surface of the heart. Reaching the inferior surface, the artery 
gives off a right marginal branch, which runs along the lower margin of the heart, 
towards the apes, and then divides into its two terminal branches : of these, the 
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facilitates movement, at the same time deprives the greater part of the heart 
from contact with its environment, and thus from acquiring a collateral source 
of vascular supply. Normally, the only continuity is by means of the scanty fat, 
nerves and lymphatics on the walls of the great vessels which enter or leave the 
heart base. That even this very poor scaffold for an extra-cardiac anastomosis 
is capable of adequate development is shown by the occasional survival of cases 
of occlusion of both coronary arteries, but the closure has to be extremely slow for 
this to happen. In the vast majority death occurs long before a functioning 
anastomosis can develop. The provision of an abundant collateral vascular bed 
by surgical operation is one of the most brilliant achievements of surgical research, 
and will be dealt with in a.subsequent part of this section. 

The internal anastomoses of the coronary circulation have been thoroughly 
investigated by Leriche and Fontaine, and prove to be functionally efficient up 
to a point. Ligature of a coronary trunk always causes death from fibrillation, 
but ligature of a main branch below the first collateral is followed by recovery 
with a small infarct or a patch of fibrosis in the ventricular wall. These experi- 
mental results have been confirmed by radiological studies of opaque injections 
into the coronary arteries, and by electrocardiographic studies, and the entire 
research shows conclusively that the internal anastomoses can revascularise an 
ischaemic territory, provided the occlusion does not involve one of the mam 
coronary vessels. 

INNERVATION OF THE HEART 

Intrinsic Mechanism. The nerves entering the heart are branches of the right 
and left coronary plexuses, which accompany the coronary arteries, and supply 
the corresponding heart chambers. Small ganglia are present in the coronary 
plexuses, in the nerves which supply the auricular walls, and in those which 
supply the ventricular walls in the immediate vicinity of the auriculo-ventricular 
grooves. 

The coronary plexuses are derived from the cardiac plexus, which has super- 
ficial and deep portions (fig. 2172). The superficial cardiac plexus lies below the 
concavity of the aortic arch, and receives the superior cardiac branch from the 
left superior cervical sympathetic ganglion, and the inferior cardiac branch of 
the left vagus ; this cardiac plexus is prolonged into the right coronary plexus. The 
deep cardiac plexus is found on the trachea behind the aortic arch, and recehes the 
middle and lower cardiac branches of the left sympathetic, and the superior cardiac 
branches of the left vagus, as well as all the cardiac branches of the right sym- 
pathetic and vagus. The deep plexus is continued into the left coronary plexus, 
and assists the superficial plexus in making the right coronary plexus. 

The above description must be taken as an average arrangement, since 
there are considerable variations. 

The propagation and conduction of the heart’s contraction is now known to be 
the function of a special tract of heart muscle (fig. 2173) which starts at the 
sino-auricular node, a small thickening in the wall of the right auricle just below 
the entrance of the superior vena cava. This node is regarded as the pace-maker 
in which the heart’s beat originates. From it rather indefinite muscular fibres 
can be traced to a well-defined auriculo-ventricular node (of Tawara), situated in 
the wall of the right auricle a little below the mouth of the coronary sinus. The 
node of Tawara forms the starting point of the auriculo-ventricular bundle of His, 
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transverse branch runs to the left in the left auriculo-ventricular groove to anas- 
tomose with the transverse branch of the left coronary, while the descending 
branch passes forward in the inferior intenentricular groove to the apex of the 
heart, where it anastomoses with the descending branch of the left coronary. 

The left coronary artery passes to the left behind the root of the pulmonary 
artery and appears on the surface by coming forwards between this artery and the 
left auricular appendix. Here it immediately divides into a transverse branch 
which runs back in the left auriculo-ventricular groove to anastomose with the 
same branch of the right coronary, and a descending branch which passes down in 
the anterior interventricular groove to the apex, where it anastomoses with the 
descending branch of the right coronary. From the transverse branch is given 
ofl the left marginal artery, which runs along the rounded left border of the heart. 

The cardiac veins, in the main, accompany the coronary arteries, but their 
arrangement is somewhat different (fig. 2171). Associated with the left coronary 
artery is the left or great cardiac vein ; this starts at the apex of the heart, and r uns up 
the anterior interventricular groo\e, to open into the left extremity of the coronary 
sinus. This wide sinus is about an inch long, lies in the posterior part of the left 
auriculo-ventricular groove, and opens into the right auricle. In addition to the 
great cardiac vein, the coronary sinus receives the middle cardiac mu, which runs 
back ill the inferior interventricular sulcus, accompanying the descending branch 
of the right coronary artery, and the right, or small cardiac vein, which lies in the 
right auriculo-ventricular groove with the trunk of the right coronary artery. 
The marginal arteries are also accompanied by corresponding veins. 

PHYSIOLOGY OF THE CORONARY CIRCULATION 

The coronary circulation is adapted to the heart’s needs by its vasomotor 
control. Unfortunately, there appears to be radical disagreement as to the nature 
of this control. Until recently .Inrep's conclusion that the coronary vasomotor 
nerves functioned in an opposite manner to that of other vascular nerves was 
generally accepted. Working on dogs in 1926, he showed that stimulation of the 
vagus produced vasoconstriction, and that sympathetic stimulation caused vaso- 
dilatation of the coronary arteries. On the other hand, Leriche and Fontaine 
m 1932, also working on dog?, came to the opposite conclusion, viz, that the 
vasomotor control of the coronary arteries is precisely similar to that of cutaneous 
and splanchnic vessels ; in other words, that the sympathetic is the coronary 
vasoconstrictor. These seemingly irreconcilable conclusions have been bridged 
to some extent by the more recent perfusion experiments on the revived human 
heart reported by Kountz, Pearson and Koenig in 1934 ; they show that 
under normal conditions stimulation of the vagus increases the coronary flow, 
whole sympathetic stimulation reduces it, but that in the presence of dissociation 
of auricular and ventricular contraction the reverse occurs. Although we may 
conclude that the sympathetic is probably vasodilator to the coronary arteries, 
these experiments show that the heart’s rate and muscular activity plaj' a more 
important part in the regulation of the coronary blood-flow than does the size of 
the coronary vessels. 

Another important matter recently investigated is the external anastomosis 
of the coronary arteries, and the possibility of providing a collateral Hood supply 
to the heart in the event of coronary occlusion. The serous pericardial sac, which 
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facilitates movement, at the same time deprives the greater part of the heart 
from contact with its environment, and thus from acquiring a collateral source 
of vascular supply. Normally, the only continuity is by means of the scanty fat, 
nerves and lymphatics on the walls of the great vessels which enter or leave the 
heart base. That even this very poor scaffold for an extra-cardiac anastomosis 
is capable of adequate development is shown by the occasional survival of cases 
of occlusion of both coronary arteries, but the closure has to be extremely slow for 
this to happen. In the vast majority death occurs long before a functioning 
anastomosis can develop. The provision of an abundant collateral vascular bed 
by surgical operation is one of the most brilliant achievements of surgical research, 
and will be dealt with in a. subsequent part of this section. 

The internal anastomoses of the coronary circulation have been thoroughly 
investigated by Leriche and Fontaine, and prove to be functionally efficient up 
to a point. Ligature of a coronary trunk always causes death from fibrillation, 
but ligature of a main branch below the first collateral is followed by recovery 
with a small infarct or a patch of fibrosis in the ventricular wall. These experi- 
mental results have been confirmed by radiological studies of opaque injections 
into the coronary arteries, and by electrocardiographic studies, aud the entire 
research shows conclusively that the internal anastomoses can revascularise an 
ischaemic territory, provided the occlusion does not involve one of the mam 
coronary vessels. 

INNERVATION OF THE HEART 

Intrinsic Mechanism. The nerves entering the heart are branches of the right 
and left coronary plexuses, which accompany the coronary arteries, and supply 
the corresponding heart chambers. Small ganglia are present in the coronary 
plexuses, in the nerves which supply the auricular walls, and in those which 
supply the ventricular walls in the immediate vicinity of the auriculo-vcntricular 
grooves. 

The coronary plexuses are derived from the cardiac plexus , which has super- 
ficial and deep portions (fig. 2172). The superficial cardiac plexus lies below the 
concavity of the aortic arch, and receives the superior cardiac branch from the 
left superior cervical sympathetic ganglion, and the inferior cardiac branch of 
the lejl vagus ; this cardiac plexus is prolonged into the right coronary plexus. The 
deep cardiac plexus is found on the trachea behind the aortic arch, and receives the 
middle and lower cardiac branches of the left sympathetic, and the superior cardiac 
branches of the left vagus, as well as all the cardiac branches of the right sym- 
pathetic and vagus. The deep plexus is continued into the left coronary plexus, 
and assists the superficial plexus in making the right coronary plexus. 

The above description must be taken as an average arrangement, since 
there are considerable variations. 

The propagation and conduction of the heart's contraction is now known to be 
the function of a special tract of heart muscle (fig. 2173) which starts at the 
sino-auricular node, a small thickening in the wall of the right auricle just below 
the entrance of the superior vena cava. This node is regarded as the pace-maker 
in which the heart’s beat originates. From it rather indefinite muscular fibres 
can be traced to a well-defined auriculo-ventricular node (of Tawara), situated in 
the wall of the right auricle a little below the mouth of the coronary sinus. The 
node of Tawara forms the starting point of the auriculo-ventricular bundle of His, 




the heart. Disorders of this system are often caused by coronary occlusion, and 
manifest themselv es in various disturbances of the cardiac rhythm. 

Extrinsic Mechanism (fig. 2172). The heart muscle and the coronary vessels 
are controlled by efferent or motor nerves which reach the cardiac and coronary 
plexuses from the sympathetic and from the vagus. The more conspicuous 
cardiac branches of the sympathetic come from the superior, middle and inferior 
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cervical ganglia, in the form of three distinct nerves, the superior, middle and 
inferior cardiac. These nerves consist of post-ganglionic neurones, and since the 
cervical sympathetic ganglia have no central connections, except through thestellate 
ganglia, the pre-ganglionic motor neurones must come from the upper five or six 
thoracic white rami and reach the cervical sympathetic chain via the thoracic 
chain and the stellate ganglia. 

Recent work (1927-1933) by White and others, however, has shown 
conclusively that these cervical cardiac nerves are not the only sympathetic 
nerves which reach the heart, but that there is a second and equally important 
group of post-ganglionic fibres which supplies the cardiac plexus, and which comes 
from the upper four or five thoracic sympathetic ganglia. This discovery is of the 
utmost significance in the surgical treatment of angina pectoris, and will be further 
alluded to. 

In addition to motor or efferent fibres, the cardiac sympathetic nerves also 
carry sensory or afferent fibres, which start as typical sensory nerve-endings in the 
pericardium, epicardium and heart muscle, and also in the adventitia of the aorta 
and coronary vessels. It should be noted, however, that there are no sensory 
paths above the middle cervical ganglion, and that therefore the superior cervical 
ganglion and its superior cardiac branch are purely motor. 

The cardiac branches of the vagus are two or three in number. Those on the 
right side arise from the nerve itself, but at least one of the left cardiac branches 
comes from the left recurrent laryngeal as it winds round the arch of the aorta. 
In some animals, and sometimes in man, the afferent fibres of the vagus form a 
separate nerve — the cardiac depressor of Cyon and Ludwig, but very often the 
afferent depressor neurones run in the same cardiac branches as the efferent or 
motor fibres. 

FUNCTION OF THE CARDIAC NERVES 

The vagus is the inhibiting nerve to the heart. By its afferent or depressor 
fibres it can produce a generalised reflex vasodilatation with a fall of blood- 
pressure. Its action on the coronary flow cannot be considered as definitely 
settled. On the one hand, there is evidence that it constricts the coronary arteries, 
but, on the other hand, it would appear that stimulation of the vagus increases 
the coronary blood-flow. It is probable that this last effect is controlled by the 
rate and muscular activity of the heart, rather than by the size of the coronary 
vessels. 

The sympathetic is the cardiac accelerator ; it is probably vasodilator to the 
coronary vessels ; and it is also the sensory nerve of the heart. 

There appear to be several sensory mechanisms in the regulation of cardiac 
activity. Leriche and Fontaine demonstrated the presence of an automatic 
mechanism, by which sensory stimulation of the endocardium and pericardium 
evokes depressor effects, while stimulation of the aortic region produces pressor 
effects. The pain sensibility of the heart, the aorta, and the coronary vessels is 
intense, and seems to depend entirely on the sympathetic. According to Leriche 
and Fontaine the greater part of this pain sensibility can be abolished by removal 
of the left stellate ganglion, while a bilateral stellectomy completely removes 
cardiac sensations of pain. On the other hand. White in 1935 stated that 
bilateral stellectomy results in a partial reduction of cardiac sensibility, and that 
complete abolition of sensation can only be obtained by resection of the upper 
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four thoracic ganglia. White’s assertion is supported by the anatomical connec- 
tions of the cardiac plexus (see page 3943), and is of obvious importance in its 
bearing on the surgical treatment of angina. 

Apart from the local or sympathetic sensory mechanism, cardiac pain can 
also be of the referred type, being felt in the skin over the precordial region and the 
inner surface of the arm. This pain can be abolished by local anaesthesia of the skin 
areas, but is only of secondary importance in painful lesions of coronary origin. 

Another nerve structure which has a definite influence on the heart is the 
carotid sinus plexus, situated round the bifurcation of the common carotid, and 
receiving afferent fibres from the vagus and efferent ones from the superior cervical 
sympathetic ganglion. Hcynians and others (quoted by White) have shown in 
1933 that this small plexus is a highly specialised centre which can affect the heart 
rate, blood-pressure and respiration. Resection of this plexus has been known to 
cure attacks of recurrent syncope. 

PERICARDIUM AND MECHANISM OF HEART TAMPONADE 

The pericardium is a triple-layered sac which surrounds the heart somewhat 
loosely. The outer layer, or fibrous pericardium, is composed of very dense fibrous 
tissue and is f unn el shaped ; its upper narrow end is prolonged from the base of the 
heart on to the great vessels, while its lower wide end is open and is firmly attached 
by its rim to the central tendon of the diaphragm, which thus comes to form the 
actual floor of the pericardial chamber. The extent to which the fibrous peri- 
cardium ensheaths the great vessels is as follows : the aorta as far as the origin of 
the innominate, the pulmonary artery to its bifurcation, and the superior vena 
cava as far as the entrance of the azygos major vein ; the inferior vena cava in 
its short thoracic part is entirely intrapericardial, but the pulmonary' veins pierce 
the pericardium immediately before they enter the left auricle. The external 
relations and surface markings of the pericardium have been considered already 
(see page 3936). 

The inner two layers form a typical closed serous sac— the serous pericardium. 
The outer or parietal layer is the thicker of the two, and is closely adherent to the 
fibrous pericardium and the upper surface of the tendon of the diaphragm, both 
of which it lines. The inner visceral layer , or epicardium, is very thin and closely 
invests the heart and the mtrapericardiaf part of the great vessels. It is in- 
timately connected with the cardiac muscle, except along the auriculo-ventricular 
and interventricular grooves, where the coronary vessels and a variable quantity of 
fat intervene. The serous pericardium normally contains about 25 cc. of clear fluid. 

The parietal and visceral layers of the serous pericardium meet on the great 
vessels, at the limits of their investment by the fibrous pericardium. Thus are 
formed lines of reflection of the serous pericardium, which are known as meso- 
cardia, and of which there are two— the arterial and the venous. The arterial 
mesocardium forms a common sheath for the aorta and pulmonary artery, while 
the tenons mesocardium includes the four pulmonary veins and the two ven® 
cavse. Between the two mesocardia is a tunnel leading from one side of the serous 
sac to the other ; this is the great transverse sinus of the pericardium (fig. 2174), 
and it has the aorta and pulmonary' artery in front and above it, and the auricular 
part of the heart with the great veins behind and below it. The importance 
of the transverse sinus will be appreciated when methods of temporary arrest of 
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the heart’s action come up for consideration. There is a second or oblique peri- 
cardial sinus, which is a recess in the venous mesocardium, but this is of no special 
surgical significance. 

Cardiac tamponade is the name given to compression of the heart by accumula- 
tion of fluid in the pericardium. It is the chief morbid factor in cardiac injuries, 
and until it was thoroughly understood no advance was possible in the treatment 
of these injuries. Although Morgagni first realised the danger of an increase in 
intrapericardial pressure in 1761, it was not until Rose fully investigated the 
question and coined the word “ Herz-tamponade ” in 1884, that its mechanics 
were properly appreciated. 

The morbidity of tamponade depends on the non-distensibihty of the fibrous 
pericardium, except to a very slow rise of pressure. As blood begins to accumulate 
in the pericardium, sufficient pressure is rapidly developed to produce obstruction 
of the veins entering the heart, with the result that there is a fall in the arterial 
blood-pressure, and a rise m the \enous blood-pressure. Further tamponade 
causes a fall of the pulse-pressure, a rise of the pulse-rate, and certain symptoms of 
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which cyanosis is the most prominent. Very soon the resistance of the rigid 
fibrous pericardium exceeds that of the muscular cardiac wall, and the accumula- 
tion of further blood makes room for itself by squeezing the heart and diminishing 
the capacity of its chambers. Furthermore, when the intrapericardial pressure 
equals or exceeds the venous pressure, the heart fails to fill, and its output 
becomes still more seriously endangered. 

Such arc the mechanics of acute tamponade. Owing to the severe embarrass- 
ment of the heart, resulting from the diminution of its capacity and of the amount 
of blood at its disposal, only a moderate quantity of fluid (200-250 cc.) will suffice 
to cause fatal cardiac compression. The rapidity of tamponade is an important 
factor, for if the accumulation of fluid is slow enough the fibrous pericardium will 
distend until the limit of its elasticity is reached. Under such circumstances the 
condition is a chronic tamponade, and more than two litres of fluid may collect 
before the intrapericardial pressure reaches the venous pressure, and serious 
cardiac compression begins. It must be understood that chronic tamponade 
never occurs in connection with heart wounds, although it may be an important 
factor in pericardial effusion, and in haonopericardium from a constitutional 
disorder such as scurvy. 
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Wounds of the Heart 

INTRODUCTION 

Unquestionably the best results of cardiac surgery attend the suture 
of traumatic wounds of the heart. It was with this operation that heart 
surgery was born forty years ago, and there can be nothing more 
dramatic in the whole sphere of the science of healing than the saving 
of a life, otherwise doomed to certain death, by this most recent 
and brilliant achievement of the surgeon’s art. 

The history of the surgery of cardiac injuries is of considerable 
interest. Injuries of the heart were thought to be invariably fatal until 
Wolf in 1042 first described a healed heart wound in a deer killed in 
the chase. In 1882 Block reported several recoveries after suture of 
cardiac wounds in rabbits, while in 1895 Del Vecchio showed healed 
wounds in the hearts of dogs, also after suture. Yet in 1883 the great 
Billroth stated that the surgeon who attempted to suture a wound of 
the heart would lose the respect of his colleagues.” In 1895 Cappelen 
of Christiania was bold enough to suture a wound of the human heart 
for the first time. The attempt was unsuccessful, and in 1890 Stephen 
Paget made the following ponderous statement : “ The surgery of the 
heart has reached the limit set by nature to all surgery ; no new 
discovery can overcome the natural difficulties that attend a wound 
of the heart.” Later in the same year Rehn of Frankfurt (September, 
1896) first successfully sutured a wound of the human heart! Ten 
years later Rehn was able to collect 124 cases of heart suture with 
a 40 per cent recovery. Since that time the cases published and tko 
ratio of recoveries have both risen very considerably. In 1920 Tulficr 
collected 305 cases with a recovery rate of over 50 per cent, while 
Ballance analysed 152 cases operated on between 1912 and 1920 (many 
of them in the Great War) and found that 08-4 per cent recovered. 
Finally, Cutler reported 28 cases of heart suture between 1920 and 
1926, with recovery in no less than 78-6 per cent. 

The suture of a wound of the heart must now be regarded as an 
established surgical operation of very definite life-saving value, and one 
which every practising surgeon should be prepared and equipped to 
perform. 

MORBID ANATOMY AND CAUSATION 

A large heart wound which communicates freely with the exterior, 
l he mediastinum, or the pleura, will prove fatal from haemorrhage long 
before surgical aid can be obtained. The cases which can be saved are 
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those with small wounds, which very soon lose tlieir communication with 
the exterior by clotting, or by shifting of the tissue planes over the heart 
owing to changes of posture after the injury, or because the wound of 
the pericardium is valvular. Such a patient does not die from haemo- 
rrhage, but from the accumulation of blood trapped in the pericardium, 
and from the cardiac tamponade or compression caused thereby. The 
mechanics of heart tamponade and the factors responsible for its lethal 
effects have already received sufficient consideration (see page 3945). 

Heart wounds of this character are usually inflicted by stabs with 
various sharp weapons, by bullets, or by shrapnel. The point of entry is 
mostly to the left of the sternum, in the third, fourth or fifth interspace, 
and the left ventricle is the part most often injured. The right ventricle 
is the second most common site of injury, the skin wound being either 
to the left or to the right of the sternum. The auricles are less frequently 
involved, but many cases are reported of injuries of one or other of them. 
Wounds of the posterior aspect or base of the heart are only rarely amen- 
able to surgical treatment. It should be observed that a very small 
wound of the heart may cause fatal tamponade, and that it may do so 
without penetrating into a cardiac chamber. Cutler records a fatal 
tamponade after diagnostic needling of the pericardium, the needle 
having pricked a coronary vein. Several similar cases have been 
published. 

DIAGNOSIS 

Accurate and timely diagnosis of a heart wound is of the utmost 
importance. Exploratory operations without adequate reason, and 
delay in the presence of strong evidence of cardiac involvement, are to 
be equally deprecated. There are three factors which are sufficiently 
typical to be of real diagnostic value : (1 ) an external wound, (2) a short 
free interval following its infliction, and (3) the symptoms and signs of 
tamponade. 

(1) The External Wound. A skin wound near the edge of the sternum 
and between the second and sixth costal cartilages should suggest the 
possibility of heart injury, particularly if inflicted with gun-shot, or 
with a weapon sharp enough and long enough to penetrate the necessary 
distance. The actual position of the skin wound, although of obvious 
importance, may be deceptive, unless the position of the patient and 
the trajectory of the missile, or direction of the stab, are either known or 
can be reconstructed. 

Immediately after the wounding there is usually very brisk bleeding, 
which is of diagnostic importance, especially if it occurs in spurts 
coinciding with the pulse ; but it should be known that a severed 
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internal mammary artery may bleed severely enough to resemble a 
heart inj ury at first sight. Blood mixed with foam suggests lung in j ury, 
but it may also come from the heart, having been churned up in the 
pericardium. 

In rare cases the instrument of trauma, e.g. a dagger, may still be in 
situ, plugging the wound and perhaps preventing haemorrhage. Such 
an instrument may oscillate with the heart beat. It should not be 
disturbed until the patient reaches the operating table, as its premature 
withdrawal may prove fatal. A famous example of this was supplied 
by the case of the Empress Elizabeth of Austria, who died in 1898 
after the withdrawal of a file from her heart. 

(2) The Free Interval. This is v^ry short, lasting about ten minutes 
on the average. Apart from wound pain, the patient may complain of 
very little. Very soon the external bleeding diminishes or may cease 
completely. Blood begins to accumulate in the pericardium, and the 
stage of tamponade is ushered in. 

(3) The Tamponade. The symptoms of cardiac compression appear, 
often somewhat abruptly, at a short but variable interval after the 
injury. The length of this interval, the degree of tamponade, and the 
rate at which it develops, depend on the presence or absence of an 
outlet through the pericardial wound ; the size and patency of the 
outlet are the determining factors, and it matters little whether the 
communication is with the exterior or with a neighbouring body 
cavity. 

The symptoms and signs of heart tamponade are of the greatest 
importance, as it is on them that the diagnosis of a heart wound mainly 
depends. At first the patient is restless and frightened, and feels chilly, 
clammy, and thirsty. Soon the extremities become very cold, a cold 
sweat covers the body, respiration becomes sighing and irregular, and 
the colour changes to a rather suggestive combination of extreme pallor 
and cyanosis. The pulse becomes weaker and weaker, or comes and goes. 
The peripheral arteries lose their pulse quite early. The arterial blood- 
pressure sinks rapidly, but the venous pressure rises and the external 
jugular and other veins may become very prominent. The collapse 
increases and the patient sinks into unconsciousness. 

Examination of the heart reveals that the sounds are indistinct and 
muffled and become more so every few minutes. The cardiac dullness 
may increase a little, but this is of questionable diagnostic value. 
Equally questionable is the wisdom of an X-ray examination ; definite 
information is only likely in cases which are clinically obvious, and the 
time can be ill afforded. 
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Briefly, the signs of greatest diagnostic value are : (I) a wound likely 
to penetrate into the heart, (2) a short symptomless interval, (3) early 
loss of the peripheral pulse, (4) extreme pallor and cyanosis, (5) promi- 
nent veins, and (6) muffled heart sounds. 

TREATMENT 

Operation at the earliest moment possible is the only, hope of saving 
life, and recent statistics (see page 3946) prove that in cases which survive 
long enough to reach the operating table this hope is very considerable 
(more than 70 per cent). The factors which determine success, and 
therefore influence prognosis , are: (1) the time between injury and 
operation, (2) the size, site and nature of the wound, (3) the presence or 
absence of other serious visceral injuries, (4) the physical condition and 
age of the patient, and (5) the skilfulness, coolness, speed, care and 
judgment of the surgeon. 

There can be no question of selection of cases. Every patient who 
reaches the theatre with the least evidence of cardiac function should 
be operated upon, as even in the most desperate case the compressed 
heart may revive immediately the pericardium is opened. 

The essential step of the operation is the closure of the heart wound 
by suture. The closure must be effected in a veritable swirl of blood, 
without interfering with the circulation through the heart chambers 
and without obstructing the coronary vessels. Adequate exposure is 
almost as important as the saving of time, for when the pressure is 
released by incising the pericardium, the heart revives astonishingly, 
and the patient may bleed to death in a few minutes, and even before 
the actual wound is found. 

The approach to the heart is, therefore, of the greatest importance. 
There are two main routes — the trans-sternal and the parasternal. 
The trans-sternal approach is a long and shock-producing operation, 
but it ensures the best exposure and gives a reasonable chance of 
avoiding injury to the pleura. The parasternal approach, of which 
there are several varieties, is a more rapid and much safer procedure, 
but it does not afford the same exposure of the heart, and is likely to 
enter the pleura. In spite of these drawbacks, however, the parasternal 
approach is the one recommended and employed for most cases of heart 
wounds. Through it the left side of the heart (the most common site 
of injury) can be reached with ease, and any associated injury of the 
lung or pleura treated ; even injuries of the right heart can be 
dealt with by employing the wider type of parasternal exposure. We 
propose, nevertheless, to discuss all established routes of approach, as 
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even the one least favoured may have special application to a particular 

case. 

In the actual surgical management of a heart wound we may dis- 
tinguish five steps: (1) the preparation, (2) the anaesthetic, (3) the 
approach, (4) the cardiac manipulation and suture, and (5) the after- 
treatment. 

1. The Preparation. 

The patient should be rushed to the theatre on admission and kept 
warm. All possible time must be saved in preparation of the theatre 
and patient, sterilisation of instruments, and securing the attendance 
of a competent surgeon. Intravenous fluid and transfusion arc definitely 
contra-indicated at this stage, as they tend to aggravate the mechanical 
difficulties under which the heart is labouring. 

2. The Anesthetic. 

The operation can often be started without anaesthesia, the patient 
being profoundly unconscious. Advantage should be taken of this stage 
to insert a tube into the trachea. Soon after the pericardium is opened, 
however, consciousness may return, and a rapid induction becomes 
necessary. By far the best and safest anaesthetic is intra-tracheal 
gas and oxygen. A positive-pressure apparatus should be available, 
especially when the parasternal route is employed and a large trans- 
pleural opening may be necessary. 

3. The Approach. 

(a) Tram-sternal Route (thoraco-abdominal route of Duval 
Barasty). A mid-line incision is made from the level of the second rib 
to near the navel (fig. 2175). The linea alba is divided, the ensifonn 
cartilage is excised, and the diaphragmatic attachments are freed as far 
as necessary. The pleura is pushed away from under the sternum with 
the finger, a spatula pushed up to protect the soft parts, and the sternum 
split with a circular saw as far as the second space, where it is cut across 
transversely. At this stage care must be taken to avoid the internal 
mammary artery . Section with the circular saw assists careful coaptation 
later, and so avoids the terrible pain caused by rubbing together of the 
two halves of the sternum when the division is made with shears. 
Retractors are now inserted to pull apart the two halves of the sternum, 
and the two pleura? are deliberately wiped away to expose the front 
of the pericardium. The peritoneum, the anterior part of the diaphragm, 
and the anterior pericardium, are now divided with scissors from below 
upwards. Finally, the inferior pericardium and left cupola of the dia- 
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phragrn are divided backwards and to the left for a short distance, and 
thus an extremely full exposure of the heart is obtained. At the end of 
the operation the two halves of the sternum are wired together, drill 
holes having been made prior to its division. 

(b) Parasternal Route. There are at least four distinct types of the 
left parasternal approach : the flap or trap-door method, the rib- 
resection method, the intercostal method, and the Spangaro approach, 
(i) Flap Method. This is known as Ivocher’s approach and was in 



general use till recently. A flap or trap-door is turned out, consisting 
of the whole thickness of the chest wall, and including the third, fourth, 
fifth and sixth left cartilages. The cartilages should be lifted off the 
pleura with great care to avoid injury of the latter. The pleura is 
cither pushed aside or opened, according to the degree of exposure 
required. At the end the whole-thickness flap is replaced and sutured 
in layers. 

(ii) Rib Resection (fig. 2176). This is a modification of the above 
method, in which various lengths of costal cartilages and ribs are 
removed. 
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(iii) Intercostal Method. A long major thoracotomy incision is made 
along the fourth left intercostal space, the pleura divided, and an 
adequate exposure obtained by wide retraction with rib-spreaders. 

(iv) The Spangaro Method (fig. 2177). Undoubtedly the best of the 
parasternal approaches, this is quick, simple, gives a fair exposure, and 
renders air-tight closure of the thorax easy. In brief it may be termed 
an intercosto-chomlrotomy. A long incision (from sternum to anterior 
axillary line) is made through the intercostal space nearest the wound 
(usually the 4th space, but in high wounds the 3rd or even the 2nd — 



see fig. 2178). A second incision is made along the sternal edge, inakiug 
the skin incision T-shaped. The sternal attachment of as many costal 
cartilages as necessary— at least one, but preferably two above and 
below the incised space — is separated from the sternum (fig. 2178). 
The internal mammary artery is ligatured above and below, the pleura 
divided, and a rib-spreader applied. The lung is packed off and the peri- 
cardium identified and incised. Good exposure is obtained only of the 
left ventricle and auricle. To wyprove the exposure the adjacent part 
of the sternum may be removed by the gouge or nihbler, or one cartilage 
with part of its rib may be resected. At the end of the operation air- 
tight closure of the thorax can be obtained by tying together the two 
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ribs which margin the rent in the pleura ; this is much easier and more 
effective than any attempt to suture the pleura. 

(v) Bilateral Parasternal Approach (see fig. 2179). This was suggested ' 
and employed by Beck as an alternative to the Duval Barasty 
trans-sternal route, when very free exposure of the heart is desirable 
(e.g. for wounds of the right side or back of the heart). Flaps are raised 
to each side of the sternum, the 3rd, 4th, 5th and 6th cartilages are 
removed on both sides, care being taken not to wound the pleura, and 
the adjacent parts of the sternum are gouged away. The internal 
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mammary vessels are tied above and below and the pleura? pushed out 
of the way. This approach gives a beautiful exposure of the whole heart. 

Choice, of Approach. When there is good reason to believe that the 
wound is in the left side of the heart one of the left parasternal methods 
should be employed. The Spangaro approach is the best of these, and is 
particularly indicated when there is an associated injury of the lung. 
If the surgeon particularly desires to aroid opening the pleura he must 
choose between the Duval Barasty trans-sternal approach, which gives 
the best exposure but is also the most dangerous method, and the flap 
method with resection of costal cartilages, which is very much safer but 
provides a more limited exposure. It would be most reasonable to 
start with a left parasternal chondrectomy, to improve exposure by 
removing the adjacent part of the sternum, and then, if it is thought 
that more room will be needed, to repeat the procedure on the opposite 
side ; all this must be done before the pericardium is opened. 

Many wounds of the right side of the heart can be approached by a 
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left jiarasternal route , but in cases likely to be difficult, and in injuries of 
the back of the heart , the surgeon must choose between the trans-sternal 
route and Beck’s bilateral parasternal approach. 

4. The Heart Suture. 

The exposure of the wounded heart is only one half of the operation. 
The other and more troublesome half is finding a nd closing the wound in 
the midst of haemorrhage, which, as soon as the pericardium is opened, 
becomes imminently dangerous. This is where the deliberate and cool 
surgeon, who can preserve his equanimity at a critical moment, is a 
great asset. 

Whatever method of approach is used, it ends with the exposure of 
the pericardium. This will be obviously distended and separated from 
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the heart by a lake of blood. The wound in the pericardium is usually 
found without difficulty, and it must be enlarged quickly and sufficiently 
to enable the surgeon not only to find and control the cardiac wound, 
but also to control the beating heart itself. A variable quantity of 
accumulated blood wall be encountered on opening the pericardium ; 
this is mopped away or removed with a sucker. A finger should be 
passed behind the heart to remove clots. The heart now begins to beat 
vigorously, and its wound becomes apparent by the ejection through 
it of big, and sometimes alarming, spurts of blood. 

The loss of blood must be immediately controlled. If the cardiac 
u'ound is small this can be done by applying a finger to it, but the 
application must be very gentle , as the heart muscle is friable and the 
wound will be made larger if any force is used. The surgeon now inserts 
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a suture under the finger, this being left untied and used for hemostasis 
and traction (fig. 2180). If there is any difficulty in getting to the wound, 
a traction suture should be passed through the thick apex of the heart, 
and with this the assistant can steady the organ, and also pull it or 
rotate it to bring the wound into a better position for suture (e.g. in 
wounds of the right ventricle or auricle). 

The actual suture of the heart should be done with thin black silk or 
chromic catgut, threaded on small curved round-bodied needles, on a 
needle-holder. They should all have been previously prepared and 
threaded, and they must be inserted and tied very gently. Two or 
three interrupted sutures suffice to close most cardiac wounds which 
reach the surgeon, but great care is needed to 
avoid injury to or inclusion of a coronary vessel. 

With a large heart icound the finger is 
useless for the arrest of haemorrhage, and it 
may be necessary to compress the heart base. 

Recently (December, 1935) Kiser has shown 
that, while the heart will not tolerate com- 
pression of the great arterial trunks (aorta and 
pulmonary artery), it can survive after com- 
pression of the great veins entering it, provided 
this is not prolonged for more than two 
minutes. On the human heart this method of 
temporary arrest is best effected by compressing Fig 
the venous side of the heart base between the 

thud finger of the left hand, which is passed into the transverse sinus of 
the pericardium (see page 3944), and the fourth and fifth fingers, which 
are passed in front of the inferior vena cava ; this manoeuvre leaves 
the thumb and index finger free for holding and steadying the heart. 
One or two control mattress sutures are now passed through the wound 
and further haemorrhage is arrested by traction on them, while the final 
sutures are inserted and tied. Compression of the base must be relaxed 
after a minute, for a few seconds, in order to allow some blood to reach 
the aorta and coronary arteries. The mortality of heart wounds which 
require compression of the base is bound to be high. 

At or before the conclusion of the suture an injection of 1 ce. of 
1 in 5000 adrenalin may be made into the cardiac muscle if the heart 
is beating feebly, while cardiac massage should be tried if it actually 
stops. 

After dealing with the heart, the pericardium is cleansed with saline 
and sutured. When absolute luemostasis has been obtained t e 
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pericardial suture may be completed, but if there is any doubt the lower 
corner of the pericardium must be left open for drainage, and a tube 
inserted down to it (but never into it) for 48 hours. Any associated 
injury of the lung is now sutured with gently inserted mattress sutures, 
and the pleura, if opened, is closed in an air-tight manner ; in the 
Spangaro approach this is done by tying the ribs together over the 
pleura! rent. When positive-pressure ancesthesia has been employed 
collapse of the lung will have been prevented, while if moderate collapse 
has been encouraged for the purpose of improving exposure the lung 
should be re-expanded at the end of the operation ; otherwise, the air 
in the pleura must be removed by aspiration after the chest is closed. 
Finally, the thoracic wall is sutured in layers. 

In a recent article, Mayer {Sary., Gyn . ami 06*/., May I93G, 852) 
advises against external drainage after operations for heart wounds. 
Instead, he recommends internal drainage by leaving a wide communi- 
cation between the pericardium and pleura. If much fluid accumulates 
in the pleural cavity, it may be removed by aspiration. 

5. .1 fter- Treatment. 

Post-operative care is important ; quiet, warmth and anti-shock measures 
are always necessary. One of the most troublesome early complications is 
delirium due to cerebral anremia ; this is common and may need a good deal of 
morphia for its effective control. Pleural effusion is almost inevitable if the 
pleura has been opened, and this will require repeated aspiration. The oxygen 
tent lias proved \ cry \ ahuble in such ca*cs. Occasionally the pleurisy terminates 
in empyema, which may necessitate drainage. 


SrnG.Ejiy of Sujwjutiye Pfbjc.vrdjtjs 

PATHOLOGY 

Acute pericarditis is rarely a primary lesion ; it is mostly seen as a 
complication of other infective conditions. Perhaps its commonest 
causes are pneumonia and empyema, but it may also complicate rheumatic 
carditis with secondary infection. Another fairly frequent cause is 
pya mia, especially when this is a sequel of acute osteomyelitis. Rarely, 
infection may be direct, through external trauma. In a somewhat 
different category is tuberculous pericarditis, which may be either 
primary, or secondary to phthisis or pleurisy. 

The morbid anatomy is similar to that of suppurative inflammation 
of any serous sac. The serous pericardium shows the usual changes of 
acute inflammation, and is filled with a serous exudate which becomes 
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progressively more purulent. When the accumulation of fluid is rapid 
the principal morbid factor is tamponade , although it must be under- 
stood that a larger quantity of fluid will be needed to compress the heart 
than in cases of wounding, as the accumulation is bound to be much 
slower, and the fibrous pericardium will give way to some extent. 
With a more chronic exudation the pericardium will enlarge to the limits 
of its elasticity, and tamponade will be a late and relatively unimportant 
feature. In such cases the principal lethal factor is infection of the 
pericardium, heart and other tissues. 

DIAGNOSIS 

This, of course, belongs to the province of the physician, but from 
the large number of undiagnosed cases which reach the post-mortem 
room it would appear to be a difficult matter. Together with the general 
symptoms of a severe infection, acute cases may show a friction rub, 
followed by the signs of enlargement of the pericardium (increased 
dullness, muffled heart sounds, etc.), and perhaps by the clinical features 
of heart tamponade (see page 394G). An X-ray examination is of real 
service ; it shows marked enlargement of the heart shadow in all 
directions, but particularly in the transverse diameter, while pulsation 
is barely visible, and may be absent. Diagnostic puncture should 
only be employed when absolutely necessary, as it is definitely 
dangerous. Several cases are recorded where the needle pricked 
a coronary vessel or a thin part of the heart wall, causing a 
fatal tamponade from hasmopericardium. 

SURGICAL TREATMENT 

The best hope of saving fife lies in drainage of the pericardium in the 
most dependent position. In the approach to the pericardium it is best 
to avoid the diaphragm, and to reach it by a trans-sternal or a trans- 
cliondral route. All drainage operations (pericardiotomy) are based on 
the triangular area behind the lower and left part of the sternum and 
the adjacent parts of the fifth and sixth left costal cartilages, where the 
pericardium is uncovered by the pleura. For a full description of this 
“ triangle of safety ” the reader is referred to page 3936, but it 
should be remembered that owing to the bulging of the distended 
pericardium the triangular area tends to be somewhat larger than 
normal. 

Trans-sternal pericardiotomy, by trephining the sternum just above 
the ensiform cartilage, was first suggested by Riolanus as long ago as 
1048. It has fallen into disuse because the approach is too cramped 
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to permit introduction of the finger for the purpose of freeing 

adhesions. 

The Irans-chondral approach gives an excellent exposure, and can 
be effected under local anaslhesia. A 2-3-inch incision is made along the 
left edge of the sternum and the 7th costal cartilage, the Cth and 7th 
cartilages are removed sub-perichondrally, and the internal mammary 
vessels pushed aside or tied. The pericardium now comes into view. 
One difficulty of the operation is that the beating apex of the left 
ventricle always seems very near, and it is impossible to know how 
thick the pericardium is, and whether it is adherent or not. Another 
difficult)' is that the pericardium tends to fall back out of sight after 
the fluid has been let out. For these two reasons the pericardium should 
always be picked up with two traction sutures, the fold thus produced 
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carefully palpated to estimate its thickness, and the incision made 
between the sutures. A finger is then inserted and any recent adhesions 
are gently broken down. After the fluid has escaped, the pericardium is 
washed out with saline, and a drain applied just to (but not through) 
the hole in it. Dakin’s solution and other irritating fluids should 
not be used for the irrigation as they are liable to cause pericardial 
adhesions. 

Recently, Shipley has advocated a combined trans-slernal ami 
Irans-chondral approach (fig. 2181). The sternum is trephined a little 
to the left and just above the ensifonn, the opening enlarged to the 
left edge of the sternum, and the adjacent parts of the Cth and 7tb 
cartilages cut away. This approach gives a very free exposure. 

JfUr-Treatment consists in securing maximum drainage by employing the 
\entral position for short periods. Poctets of pus can be reached by inserting 
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a catheter through the wound. Pericardiotomy usually gives great and immediate 
relief, but the pus discharge is likely to continue for a long period. Pericardial 
adhesions are a possible sequela and should be watched for. 

Some years ago (1930) Beck and Cox drew attention to the cardiac 
embarrassment which might be caused by the loss of negative pressure following 
open pericardial drainage. They showed that after pericardiotomy there is a fall 
in arterial pressure, a rise in venous pressure, and a diminished cardiac output. 
It may be that closed drainage will prove the best treatment for pericardial effusion, 
and that it will be followed by improved results. 


Surgery op Chronic Adhesive Pericarditis 

INTRODUCTION 

No literature of a great surgical achievement could make more fascin- 
ating reading than that which describes the advent and elaboration of 
operative treatment in chronic pericarditis. That the various operative 
procedures were first conceived and suggested by physicians is a clear 
indication of the helplessness of our medical colleagues before this 
merciless disease, which slowly but surely cripples the heart by anchor- 
ing it to the chest wall or some other unyielding neighbour, or equally 
surely shackles and strangles it by a massive pericardial fibrosis. 
It is to the credit of surgery that it responded to the call of its sister 
science, and that surgeons appeared with the audacity and skill required 
to solve unfamiliar problems, and to achieve a measure of success. 

Of the numerous contributions which have recently been published 
on this subject, the most useful and comprehensive is that of Lenormant 
and Leriche, which was written in 1932, and of which free use has 
been made in the preparation of this section. Among other excellent 
articles which have been utilised is one written by Cutler, and another 
by Shipley, also appearing in 1932. Great credit must also be given 
to Beck and Griswold, who investigated the morbid changes of this 
disease in dogs, in whom they produced a constrictive pericarditis by 
irrigating the pericardium with Dakin’s solution. 

PATHOLOGY 

Pericardial adhesions arc a common post-mortem finding, but a 
large majority of them are of little clinical significance. Those that 
interest us are the relatively rare ones whicli cause progressive inter- 
ference with the heart’s action. Such cases of adhesive pericarditis 
are seen mostly in childhood or adolescence, and the great bulk of them 
are caused by either rheumatism or tuberculosis. Among less common 
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causes are suppurative pericarditis, injury with haunopericardium, 
pleuro-pulmonitis, and mediastinitis. 

Adhesive changes involving the pericardium may be partial or 
diffuse. They may be limited to the serosa, or they may spread beyond 
this to the myocardium, the fibrous pericardium, or the extrapericardial 
structures. They may scarcely hamper the heart, they may disable 
it by fixing it to the chest wall or diaphragm, or they may cripple it 
completely by encasing it with a thick mass of constricting fibrous 
tissue. It is therefore obvious that several distinct pathological and 
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clinical pictures are included under the term “ chronic adhesive 
pericarditis.” 

Single or partial adhesions, passing from the epicardium to the 
serous lining of the fibrous pericardium (fig. 2182), do not interfere 
with the heart, unless they are short and inextensible, or unless they 
anchor the apical region to the tendon of the diaphragm. In the last 
case serious cardiac trouble may be caused since the heart is dragged on 
by each respiratory movement. 

A more complete adhesive process obliterates the serous space and 
fixes the fibrous pericardium to the heart. As a rule, some part of the 
pericardial cavity is left unobliterated, especially on the right side of the 
heart, and may enclose a serous or purulent fluid. Oucc initiated, 
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tlie adhesive fibrosis does not limit itself to the pericardium, but tends 
to spread beyond it, either to the mediastinal cellular tissue, or to the 
sub-epicardial heart muscle. Hence, we are able to distinguish two more 
or less distinct varieties of diffuse adhesive pericarditis : (1) the external 
or centrifugal type, which may be termed mediaslino-pericarditis, and 
(2) the internal or centripetal type, which constitutes the constric- 
tive pericarditis of English writers, and the pericardite calleuse of French 
writers. 

Adhesive mediastino-pericarditis is the classic type, in which 
adhesions and fibrosis not only obliterate the pericardial space, but 
also extend beyond the fibrous pericardium, and fix it to the pleura, 
diaphragm, sternum and ribs, and sometimes even to the spine. It is 
obvious that such fixation of the heart is bound to interfere with its 
mobility and contraction, and that it must ultimately lead to progressive 
cardiac failure and death. This is particularly the case when the heart 
is anchored to the rigid anterior wall of the chest. Continuous shorten- 
ing of the anterior mediastinal adhesions exercises progressive traction 
on the heart, which exhausts itself by pulling against the unyielding 
parietes. At the same time, the front margins of the lungs, which 
normally move in to occupy the space created by the systolic retraction 
of the heart, can do so no longer, since they also share in the adhesive 
process. There is thus produced a profound interference with cardiac 
systole, and finally systolic retraction becomes impossible and the 
heart fails. 

Constrictive or callous pericarditis is more common and even more 
serious than the above, although our knowledge of its pathology and 
clinical significance is more recent. In this, the morbid changes mainly 
affect the epicardium, and consist briefly of a massive fibrosis immedi- 
ately surrounding the heart. This becomes immured in a great mass 
of fibrous tisue (fig. 2183), perhaps a quarter of an inch or more in thick- 
ness, which is rigid and pitilessly retractile, and which may become 
almost cartilaginous in consistency. Sometimes the fibrosis is more 
marked round the right heart, sometimes round the left. The sclerosis 
starts in the epicardium and in the intrapericardial adhesions, but later 
it invades the heart muscle itself, into which it maj r spread very deeply ; 
calcification is not uncommon in the masses of scar tissue. 

The heart is imprisoned in its fibrous armour, the progressive con- 
traction of wliich literally strangles it. Diastole is the first cardiac 
function to be interfered with. The thick wall of the left ventricle 
resists this compression for a time, but the tb in- walled auricles feel it 
very early. Pulmonary stasis results from interference with left 
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auricular diastole, while stasis iu the territories of the superior and 
inferior venae cavae occurs, partly because diastole of the right auricle 
is impeded, but also because the actual mouths of the cavae are caught 
iu and compressed by the encasing fibrous mass. Pulmonary venous 
stasis is thus evidence of constrictive pericarditis of the left heart, 
while systemic venous stasis shows that the right heart is involved. 

The interference with cardiac diastole becomes greater and greater, 
the venous stasis more and more marked, and progressive heart failure 
is the inevitable result. It may be accelerated by the myocardial fibro- 
sis, or even by an actual mj'ocardial iscluemia due to compression of 
the coronary vessels by the pericardial fibrous masses. 

Although these two types of adhesive pericarditis produce such very 
distinct and different morbid changes, iu actual fact they frequently 
coexist in the same patient. Depending on the nature of the combina- 
tion, and on the degree to which one type predominates over the other, 
both the pathological and the clinical picture of the disease will 
obviously show considerable variation. 

DIAGNOSIS 

It follows from the last paragraph that we may expect two types of 
clinical syndromes, one produced by adhesions between the pericardium 
and its surroundings (mediastino-pericarditis) and the other by con- 
stricting or callous pericarditis. 

Mediastino-pericarditis is associated mainly with parietal symptoms. 
The apex beat becomes fixed and does not move with changes of posi- 
tion. There may be very marked systolic retraction of the chest wall, 
both in the precordial region and posteriorly at the vertebral ends of 
the left 9th, 10th and 11th ribs (Broadbent’s sign). The precordial 
region may also show a diastolic rebound. Adhesions to the diaphragm 
are responsible for the so-called pulsus paradoxus of Kussmaul, in which 
the pulse weakens or disappears on inspiration. 

Constrictive pericarditis is characterised by lackofobjectiveheart signs 
and by the presence of the features of venous stasis . The clinical picture 
is typical and has come to be known as Pick's syndrome. The outstand- 
ing signs are : (1) Ascites, which is copious and which recurs constantly 
after paracentesis ; (2) hydrothorax, which is less commonly present ; 
(3) enlargement of the liver from passive congestion (Pick’s pseudo- 
cirrhosis) ; (4) adema and cyanosis of the face and chest wall ; and (5) 
raked venous pressure to as much as three or four times the normal, 
with prominent jugular and other veins. 

Marked hydrothorax strongly suggests compression of the left 
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auricle, while ascites and liver enlargement point to constriction of the 
right heart. 

In spite of the characteristic nature of these symptoms and signs, the 
diagnosis is far from simple, and the best clinicians may be deceived. 
One difficulty is that cases rarely conform to one or other type of 
chronic pericarditis, but often present confusing and various combina- 
tions of the two. Another difficulty is that the absence of parietal 
signs does not exclude anterior mediastinal adhesions, since it may mean 
that the myocardium is becoming exhausted. Furthermore, none of 
the symptoms of Pick’s syndrome is pathognomonic of pericarditis, 
as they may be produced by other causes of cardiac embarrassment. 
Electrocardiography, although useful in prognosis, does not assist 
diagnosis. 

It is, in fact, the difficulties in diagnosis which constitute the chief 
stumbling block to the surgical treatment of chronic pericarditis. For- 
tunately, expert radiography is proving of real assistance, and promises 
to provide us with a reliable means of diagnosis. The outstanding 
X-ray signs of adhesive pericarditis may be summarised as follows : 
(1) enlargement of the heart shadow in all directions, (2) fixation of 
the heart in all positions, and (3) loss of normal cardiac movement with 
respiration. These three signs are seen in both types of adhesive 
pericarditis. In constrictive pericarditis the following may also occur : 
(4) loss of the anterior mediastinal space, and (5) complete immobility of 
the right border of the heart, while its left border may retain some 
movement. In adhesions of the apical region to the diaphragm two 
additional signs may be present : (6) pulling up of the diaphragm at 
systole, and (7) elongation of the heart shadow on inspiration. 

SURGICAL TREATMENT 

Adhesive pericarditis is a progressive and inevitably fatal disease. 
It attacks patients in their youth, completely incapacitates them, and 
kills them usually in a few years. The actual duration of life is 
determined by the nature of the infection (tubercle having the worst 
prognosis), by the degree of cardiac fixation and constriction, and by the 
condition of the myocardium and cardiac valves. 

The failure of medical treatment to do more than palliate the 
symptoms justifies surgical intervention in every case in which diagnosis 
is established and the patient has a reasonable chance of surviving 
operation. Experience has shown that there arc two kinds of operative 
procedure which may be expected to rectify or relieve the mechanical 
obstacles that encompass the heart: (1) direct surgical attack on the 
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pericardium and its adhesions, and (2) indirect procedures which ease the 
heart’s work by removing portions of the thoracic wall or by paralysing 
the diaphragm. 

Operation on the parietes was first proposed by a physician, Brauer 
(1901), who conceived the brilliant idea of removing a part of the 
anterior thoracic wall, with the object of releasing the heart. Petersen 
first performed this operation in 1902, and its simplicity and ease 
rapidly made it an established procedure. Quite soon, however, it 
became obvious that whilst very successful in some cases it proved 
a complete failure in others. Until the reason for these failures was 
understood, they naturally impeded the further progress of pericardial 
surgery ; but we now know that it is only in the absence of constrictive 
pericarditis, and when the main cause of cardiac embarrassment is 
fixation of the heart to the chest wall, that this operation of precordial 
costo-chondrectomy is likely to prove really successful. 

Paralysis of the left diaphragm, by alcohol injection or avulsion of 
the phrenic nerve, was introduced by Sauerbruch in 1925, but is only 
effective in the rare cases of adhesion between the heart and the 
diaphragm. It is fortunate that this condition is diagnosable by 
radiography (see page 3965). 

Operation on the pericardium was first suggested by another 
physician, Weill, as long ago as 1895, but the first actual attempt 
was made by Hallopeau in 1910. In its early form, the operation was 
performed with the object of breaking down fibrinous adhesions in the 
sub-acute stage of pericarditis, but this was illogical as the adhesions 
were almost bound to re-form. Later, this procedure was applied to 
chronic cases, single or limited organised adhesions being divided after 
a deliberate exposure and incision of the pericardium. The operation 
came to be known as cardiolysis, and in the right cases produces brilliant 
results, but its indications are extremely rare, as the adhesive process is 
usually too extensive to permit of its application. 

Faced with these failures, surgeons abandoned direct operations 
on the pericardium, until in 1920 Rehn of Frankfort introduced partial 
resection of the parietal pericardium. This was done after freeing as 
many intrapericardial adhesions as possible, and to prevent their 
recurrence a fat graft was inserted between the heart and fibrous 
pericardium. Although this operation proved transitory, it led in clue 
course to the modern operation of complete pcricardicclomy, for constric- 
tive pericarditis, in which the heart is decorticated to the extent of 
baring the heart muscle. This brave procedure, although admittedly 
dangerous, has given a reasonable hope of lasting improvement in the 
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hitherto hopeless cases of callous pericardial fibrosis. Although it was 
first performed by Schmieden, and has been warmly advocated by 
Beck, Griswold and Churchill in America, and by Lenormant and 
Leriche in France, the credit for its inception must again be given to a 
physician, Volhard. 

OPERATIVE TECHNIQUE 

1. Precordial Costo-chondrectomy (Brauer’s operation). The ideal 
anaesthesia is bilateral intercostal nerve block with local infiltration, 
but in children this will need to be supplemented with light general 
anaesthesia. A flap is raised to the left of the sternum, and the 3rd, 4th, 
5th and 6th costal cartilages and ribs are resected for about four inches. 
Subperiosteal removal of the ribs and cartilages is a safe and rapid 
procedure, but there is danger of regeneration of the ribs, especially 
in children. Extraperiosteal resection avoids this danger, but it is a 
more difficult operation and is associated with the risk of injuring the 
pleura. 

2. Pericardiectomy (Volhard-Schmieden). One should always start 
by doing a precordial costo-chondrectomy, as this not only gives access 
to the pericardium, but also frees the heart from the rigid parietes. 
For this reason we do not recommend the trans-sternal approach, in 
spite of the excellent exposure it provides. The costo-chondrectomy is, 
of course, extraperiosteal, but owing to the massive fibrosis there is 
little danger of opening the pleura, provided sufficient care is exercised. 
The object of the pericardiectomy is to free the heart from its constric- 
tive armour by a maximal degree of decortication ; success depends 
on a wide exposure of the brown, muscular surface of the heart. The 
procedure is extremely formidable, as there is no natural line of cleavage 
between the heart muscle and the fibrous mass covering it, and there is 
a real danger of tearing through into one of the cavities of the heart, 
especially when dealing with the right ventricle. Some authorities, 
in fact, recommend that the right ventricle should be left alone unless 
skiagrams show that the right border of the cardiac shadow is rigid . The 
danger of decorticating the auricles is too great to justify the attempt. 

The decortication starts with an incision through the whole thick- 
ness of the callous mass over the left ventricle ; this is made cautiously 
and in stages, until the brown muscle-fibres are seen. The mass is then 
peeled off, partly with the fingers, and partly with the scalpel and scissors ; 
the fibrous covering usually comes off in layers, and very carefully an 
increasing area of heart muscle is exposed. When it is necessary to 
decorticate the right ventricle, additional exposure is provided by 
removing the edges of the sternum, and by excising the costal cartilages 
vol. m. — o* 
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on the right side. This is the bilateral exposure recommended by Beck, 
and shown in figure 2X79. As soon as the fibrous covering is removed 
sufficiently, the heart recovers its red colour, and may literally jump 
in its new-found freedom. Barely, this liberation is followed by acute 
dilatation of the right ventricle ; Schmieden saw one of his patients 
die on the table from this cause. 

Owing to the dangers of decortication, it would be quite reasonable 
and prudent to content oneself with a precordial costo-chondrectomy 
in the first instance, and to perform pericardiectomy as a second-stage 
operation if the relief provided by the first is insufficient. 

RESULTS 

The following valuable statistics are quoted from Lenormant and 
Leriche, who were able to collect 181 cases of adhesive pericarditis 
treated by operation. The figures speak for themselves. 

X. Precordial costo-chondrectomy : 112 cases, with G operation deaths 
(5-3 per cent). Of 65 followed-up cases, 36 died within five years, mostly 
from rheumatic cardiopathy or tubercle. The remaining 29 show 
improvement (1 to 8 years after operation), but only about one half of 
them could be called cures (about 10 per cent of the total). 

2. Cardiolysis (for partial adhesions) ; 2 chrome cases — both cured, 
and 4 sub-acute cases — 1 died, 1 cured, 2 uutraced. 

3. Phrenicotomy (for phreno-pericardial adhesion) : 4 cases, all cured. 

4. Partial pericardiectomy (Rehn’s operation): 12 cases, with 2 
immediate and 4 early deaths, and only 2 certain survivals after a year. 

5. Total pericardiectomy (for constrictive pericarditis) : 47 cases, 
with 32 operation deaths (mortality of 2 5-5 per cent), 4 from wounding 
heart. In 7 cases the operation was not completed, owing to fibrilla- 
tion, injury of the heart, etc. Of 32 followed-up cases, 8 died within a 
year (4 from tuberculosis), while the remaining 24 survived (1 to 0 years 
after operation). Of the survivals, 2 proved failures, while 22 (uearly 
half the total) were definitely improved. 

PRECORDIAL COSTO-CHOXDRECTOMY FOR NOX-PERICARDIAL 
CARDIOPATHIES 

The success attending the effort to relieve the cardiac effects of 
adherent pericardium by resecting the precordial parietes naturally 
led to the application of the same procedure to other cardiopathies, and 
particularly to those in which there is a marked disproportion between 
the size of the heart and the size of the thorax. Under these circum- 
stances the operation virtually constitutes a cardiac decompression. 
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Enormous cardiac hypertrophy is the main indication ; but the results 
have not been brilliant, partly owing to the progressively downward 
course of rheumatic carditis, but also because few physicians will 
permit surgical intervention until it becomes obvious that medical 
treatment will no longer delay the inevitable end. Although mainly 
performed for rheumatic hypertrophy (usually with valvular disease), 
the operation has also been attempted for pure hypertrophy and for the 
cardiac enlargement of arterial or renal disease. It has also been tried 
a few times for the cardiac complications of extreme thoracic deformity, 
e.g. Pott’s disease, scoliosis, and severe sternal depressions. Shipley 
performed the same operation to relieve the pressure of an expand- 
ing aneurysm of the aortic arch, while Vaquez suggests that it would 
be a logical method of freeing the heart, when this is compressed by 
extensive pleural or pulmonary fibrosis. 

The technique of the operation has already been described (see page 
3965), but it must be insisted that only regional and local anaesthesia is 
permissible ; several deaths have been attributable to general anaes- 
thesia. Owing to the real danger of injuring the pleura or pericardium 
(more than one death has been due to empyema), the removal of the 
ribs and cartilages should always be subperiosteal. 

The results have been summarised by Lenormant, who reported 
7 personal cases and analysed 23 cases in all. Of these, 5 died from 
the anaesthetic or from pleurisy (operation mortality of 22 per cent). 
Of the 18 survivals, 7 died by the end of the first year, making a 53 per 
cent mortality within 12 months. The remaining cases show some 
improvement, while 4 of them were well and at work 2, 3, 7, and 1G 
years after the operation. 

Even this small proportion of cures strongly suggests that with the 
establishment of clearer indications for surgical treatment, and with 
better material in the form of patients a little less near the moribund 
stage, the results of operative decompression of the heart will justify its 
wider application. 


Surgery of Valvular Lesions of the Heart 

Although the first suggestion that surgery might play a part in the 
treatment of valvular disease was made by Lauder Brunton as early as 
1902, it was not until after the Great War that surgeons seriously 
turned their attention to this matter. An enormous amount of experi- 
mental work was done on animals, and some twelve operations were 
undertaken on human patients, ten for mitral stenosis, one for aortic 
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stenosis, and one for alleged pulmonary stenosis. The interest created 
by this deter min ed surgical attack proved enormous, and, in fact, to 
many the term “ cardiac surgery ” came to mean little more than the 
operative treatment of valvular lesions. In actual fact, however, all 
this interest and energy ended in complete failure, so far as the results 
of surgical intervention are concerned, and we have now come to regard 
such intervention as futile and ill-advised. Indeed, looking into the 
future, it would be near the truth to state that valvular lesions will 
probably constitute almost the only cardiopathy in which surgical 
treatment is contra-indicated. 

Despite the fleeting vogue of valvular heart surgery, the experi- 
mental and human work done taught us certain lessons, which have 
proved of value in the surgical treatment of other cardiac lesions. It is, 
therefore, quite appropriate to review briefly what has been attempted 
and what has been accomplished. 

The experimental research appears to have started with Tuffier and 
Carrel’s attempts at an open approach to the heart valves, with a 
temporary interruption of the circulation ; this was a laboratory feat 
which could never have the remotest chance of clinical application. 
Attempts were then made to reach the valves by puncture of the 
auricular or ventricular wall, and these proved successful in large 
series of experiments. Cutler and Beck, Allen and Graham, of America, 
and Wilson in this country, attacked the problems of valve surgery 
with great enthusiasm, and perfected the technique of approaching 
the cardiac valves and operating upon them with a minimum 
of danger to life. Practically all the work was done on the mitral 
orifice. 

The simplest experimental procedure was a blind attempt to divide 
the mitral valve with a tenotome, introduced through the wall of the 
left ventricle. This gave a high mortality, a high incidence of failure 
to find the valve, and often an insignificant breach when the orifice was 
reached. The ventricular approach was gradually given up, as it was 
liable to injure the conducting bundle of His, and an approach through 
the left auricle became fashionable. To obtain a larger breach of the 
valve Cutler devised a valvulotome, while Allen and Graham invented a 
cardioscope by which the section could he performed under direct 
vision. Wilson then combined the valvulotome and cardioscope 
into one instrument, which he introduced through the left auricular 
appendix. By these means the mitral valve was divided in a large 
number of dogs with a very low mortality (Allen operated on 186 dogs 
with only two operation deaths and without once missing the valve). 
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Wilson even went to the extent of producing an experimental mitral 
stenosis on dogs by inserting strips of pericardium across the mitral 
orifice, and then proceeded to attempt to undo the stenosis by valvu- 
lotomy! He reports in the British Journal of Surgery (1930) that 
although normal animals stand valvulotomy well, dogs with experi- 
mental stenosis usually succumb owing to the abrupt change over to 
mitral incompetence. 

It is indeed this abrupt change from a mitral stenosis, which the 
heart has become accustomed to, and for which compensatory mechan- 
isms have been provided, to a mitral incompetence, for which no pro- 
tective adaptation can exist, that is mainly responsible for the complete 
failure of operative treatment on human patients. Up to 1929 ten 
operations were performed for mitral stenosis, seven by Cutler and Beck, 
and one each by Allen and Graham, Pribram, and Souttar. Souttar 
dilated the mitral orifice with a finger introduced through the left 
auricle ; his patient survived, but it seems doubtful if serious stenosis 
was present. Cutler and Beck’s first case, in which the valve was divided 
with a tenotome, also lived for 4£ years, but at death marked stenosis 
was again present and the left auricle was very dilated. The other eight 
cases died at operation or within a week, although both valvulotomes 
and cardioscopes were employed in some of them. 

Apart from the mitral valve, only two attempts appear to have 
been made at valvular operations. Doyen diagnosed a pulmonary 
stenosis and divided the pulmonary valve with a tenotome introduced 
through the right ventricle. The patient died soon after, and the lesion 
proved to be a serious congenital malformation quite unsuitable for 
surgery. Tuffier (1924) attacked an aortic stenosis by exposing the 
ascending aorta and invaginating its wall with bis little finger, which he 
states he pushed into the aortic orifice ; the fact that this patient was 
alive eight years later suggests that his aortic stenosis cannot have 
been severe. 

This melancholy recital of absolute failures, with occasional dubious 
and partial successes, is an eloquent proof that surgeons were ill-advised 
to interfere with valvular heart lesions. This unwise intervention arose 
from the hypothesis that mitral regurgitation is a less dangerous lesion 
than mitral stenosis. If the transition from stenosis to incompetence 
could be made gradual enough to give the heart and circulation time to 
accommodate themselves to the altered conditions, there might be some 
justification for surgery ; but the abrupt change from one to the other is 
bound to be dangerous, and is almost certainly responsible for the fatal 
outcome of operation in proved cases of mitral stenosis. Even the 
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protagonists of valve surgery now admit that the sudden change from 
stenosis to incompetence is likely to prove fatal, but it seems a pity that 
this procedure was not more thoroughly investigated experimentally 
before it was tried on human subjects. It is true that Wilson did undertake 
such an investigation and that he showed that it was not the valvulo- 
tomy itself, but the sudden change over from stenosis to incompetence, 
which was dangerous ; but his paper was not published until 1930, and 
this was after the short era of human valvulotomy was ended. 


Surgery of Coronary Cardiopathies 
(Angina Pectoris, Coronary Arteritis and Thrombosis, etc.) 

introduction 

Although Franck in 1899 suggested that surgical treatment might 
be applied to the relief of angina pectoris, it is strange that no actual 
attempt to do this was made before 1916, when Jonnesco performed his 
first cervical sympathectomy for this purpose. The terrible suffering 
of the victims of coronary disease, the dread of death that it engenders, 
the frequency with which this dread is justified by subsequent develop- 
ments, and the helplessness of medical treatment to give adequate 
relief, should have proved sufficient incentives for the intervention of 
surgeons, however great the danger incurred, and however difficult the 
problems involved. That successful surgical treatment is of such recent 
development cannot, however, be attributed to the absence of surgical 
initiative ; the chief explanation lies in the lack, until quite modem 
times, of an accurate understanding of the nerves and blood supply 
of the heart. In fact, our present knowledge of the anatomy and 
physiology’ of cardiac innervation, and of the coronary circulation, has 
been largely obtained through surgical research, and from the results 
of actual operative intervention on the part of bold and resourceful 
surgeons 

It must be admitted that even to this day there are important 
physiological points of which we are uncertain, especially on the ques- 
tion of the vasomotor control of the coronary vessels. But the last few 
years have witnessed a most heartening advance in the application of 
surgical treatment to cardiopathies of coronary origin, and although 
several problems still remain to be settled, there is at last real hope 
that surgery may provide a reasonable chance of permanent relief, 
and even of cure, in these crippling and hitherto quite hopeless 
conditions. 
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PATHOLOGY AND COURSE 

Our knowledge of the pathology of -peripheral arterial disease should 
prove of value in elucidating the more obscure pathology of coronary 
occlusion. A peripheral artery may be completely occluded by injury, 
obliterative arteritis, or thrombosis, and the result will be total loss of 
function and local necrosis (gangrene), unless an efficient collateral 
circulation is available. Partial occlusion of peripheral arteries may be 
produced by vasospasm, when it is intermittent, or by proliferative or 
sclerosing arteritis, when it is continuous and progressive. The result 
of such partial occlusion is an ischaemia, which is either intermittent 
or relative, i.e. it shows itself when a special demand is made on the 
blood supply of the part. This relative ischaemia, manifests itself most 
strikingly by the symptom known as claudication , a characteristic and 
severe pain felt in the muscles and produced by muscular effort. With 
increasing arterial occlusion, the claudication occurs more frequently 
and with less effort. 

An important fact, which has only recently become understood, is 
that organic occlusive disease of the peripheral arteries may be preceded 
by functional occlusion, or vasospasm, and that this vasospasm may be 
a causal factor in the production of organic occlusion. 

There can be no reason why the pathology of coronary disease 
should differ materially from that of disease of other arteries. It is 
true that the coronary arteries supply blood to the most vital organ of 
the body, but this is, after all, only a muscle. Different degrees of 
vascular occlusion must, again, produce effects of different intensity, 
and there is ample evidence — experimental, clinical and pathological — 
to show what these effects are. Complete obliteration of a main 
coronary artery causes death from cardiac failure, often with fibrillation. 
Complete obliteration of a branch may result in fatal fibrillation, or 
in ischsemic infarction of part of the heart muscle, with subsequent 
necrosis and fibrous tissue replacement, or merely in a temporary 
disturbance of the cardiac rhythm ; the determining factors are the 
size of the obliterated vessel and the efficiency of the collateral blood 
supply. Transient occlusion (vasospasm) or partial obliteration (e.g. 
sclerosis) tend to produce an intermittent or a relative ischannia of the 
heart muscle ; this is comparable to the relative ischaemia of peripheral 
vascular disease, and manifests itself in attacks of severe cardiac pain 
(angina), typically occurring during effort, and perhaps also in disorders 
of the cardiac rhythm. 

The tendency of all arterial disease is to be jirogrcssive . Peripheral 
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arteries may pass through a period of intermittent vasospasm, and then 
develop degenerative or proliferative changes in their walls, leading to 
progressive obliteration, which, perhaps, is finally accelerated by throm- 
bosis. Whether gangrene or other complications result, or not, depends 
on the efficiency or otherwise of the collateral circulation. Similarly, 
it is possible that coronary disease starts as a pure vasospasm, and it 
may be that the so-called true or functional type of angina pectoris 
represents this early or vasospastic stage of the disease. Later, organic 
changes occur in the arterial walls, and the condition passes on to a 
coronary arteritis or sclerosis, while total occlusion may be hastened by 
an attack of coronary thrombosis . 

The fate of the heart muscle, and incidentally of the patient, wfll 
depend on the degree of occlusion, the size of the obliterated vessel or 
area, and the efficiency of the local collateral anastomosis. Thus the 
outstanding clinical feature may be attacks of anginal pain, associated 
with less and less effort (a state of claudication) ; it may lie in the direc- 
tion of disturbance of rhythm or rate ; it may be the development of a 
cardiac infarct and scar, which sooner or later yields to produce a 
cardiac aneurysm, or to cause a spontaneous rupture of the heart ; it 
may be a less intense but more diffuse myocardial degeneration and 
fibrosis, associated with a relative ischemia and a gradual but progres- 
sive failure of the heart : finally, it may be a more or less sudden 
cardiac failure, perhaps after a period of established fibrillation. 

The clinical elucidation of these several cardiopathies of coronary 
origin lies in the province of the physician, and is therefore only of 
indirect concern to the surgeon. It is also the physician’s prerogative 
to assist the surgeon in the selection of cases, and to a certain extent 
to guide him in the choice of the operative procedure likely to prove of 
greatest service in any given case. We shall, therefore, at once proceed 
to consider the objects and available methods of surgical treatment, but 
before doing so we may perhaps be permitted to express the hope that 
in the future our medical colleagues will co-operate more closely with us, 
and will call us to their assistance, both more frequently and also at a 
stage of the disease when our intervention has a better chance of success. 

OBJECTS AND PRINCIPLES OF SURGICAL TREATMENT 

Jonnesco published his well-known paper on the surgical treat- 
ment of angina pectoris by eervieo-dorsal sympathectomy in 1920. 
Since that date a veritable avalanche of operative procedures has been 
introduced, supported by hypotheses differing widely and often con- 
tradictory. Successes are claimed and failures admitted by all, and the 
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mass of publications on what has come to be known as cardiac neuro- 
surgery has resulted in a state of hopeless confusion, from which one 
finds great difficulty in extricating the truth. Practically the only 
factor on which there is general agreement is that surgical attack 
should be directed to some part of the sympathetic nerve supply of the 
heart ; but since the most recent research leaves us uncertain of the real 
action of the sympathetic in such an important function as the vaso- 
motor control of the coronary circulation (see page 3940), it is obvious 
that even this common ground of agreement rests on a shaky foundation. 

The first object of surgical intervention was to prevent or relieve 
the agonising and crippling pain of angina pectoris. This was attempted 
by interrupting the sensory paths along which painful cardiac sensations 
travel, or by dividing the nervous connections along which vasospastic 
or pressor impulses reach the heart. Although very worthy in its 
objects, this treatment was primarily symptomatic, but the claim soon 
arose that, by abolishing coronary vasospasm, or by improving the 
coronary circulation in some other way, surgical intervention was 
indirectly curative, in that it either stopped or slowed down the morbid 
processes leading to organic occlusive disease. 

Within the last three years attempts have been made to attack 
coronary occlusion, and the disabling and usually fatal cardiopathies 
resulting from it, from an entirely different angle. The first of these 
attempts was initiated in December 1932, when the operation of 
thyroidectomy was performed for the first time at Boston, U.S.A., 
with the object of easing the heart’s work by lowering the general 
metabolism, and in the hope that this would influence beneficially the 
symptoms and course of cardiac disease. In 1933 Blumgart, Levine 
and Berlin published their paper on the treatment of angina pectoris 
and congestive heart failure by removal of the normal thyroid gland, 
while in 1934 Cutler and Schmitker wrote a paper on the same 
subject. The results of this intelligent if very indirect procedure have 
in some respects proved astonishing, and at the moment of writing the 
operation appears to have established itself as a rational and successful 
treatment in certain selected cases (see page 3979). 

Finally, as recently as November 1935, appeared what we have no 
hesitation in describing as an epoch-making contribution by Claude 
S. Beck, entitled The Development of a New Blood Supply to the 
Heart by Operation. Coronary occlusion produces its painful and 
ultimately fatal cardiac ischaemia because the chances of the heart 
acquiring a collateral circulation by its external anastomoses are 
negligible (see page 3940). Beck evolved the remarkable conception of 
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providing the ischcemic heart with an adequate collateral blood supply 
by a muscle-grafting operation. The operation, and the principles 
which govern it, will be considered at length a few pages hence, but it 
should be stated at once that this is the first surgical procedure which 
actually strikes at the root of coronary cardiopathy, and which gives 
real hope that the time is near at hand when surgery will be able to do 
more than merely palliate cardiac symptoms. 

OPERATIONS ON THE CARDIAC NERVES 

There are three possible ways in which the heart can be influenced 
by neurosurgical attack : (1) through its vasomotor nerves, (2) through 
its motor or pressor nerves, and (3) through its sensory nerves. The 
attempt to influence the vasomotor control of the coronary vessels is 
the most logical of these objects, inasmuch as it aims at elimination of 
some of the factors responsible for organic coronary disease, as well 
as the relief of cardiac pain. It has already been stated (see page 3940) 
that the exact nature of the vasomotor control of the coronary circula- 
tion is not yet settled ; nevertheless, it appears to be certain that 
removal of the sympathetic nerve supply to the heart increases the 
coronary hlood-jlow . The future must decide whether this is due to 
abolition of vasospastic influences, or to altered conditions of the 
heart’s work. Whatever its cause, the increased flow of blood through 
the coronary vessels is likely to exert a beneficial effect on the cardiac 
ischemia, whether this is intermittent, as in the vasospasm probably 
responsible for functional angina, or continuous and relative, as in the 
early stages of coronary arteritis. 

Operative interruption of the motor or pressor sympathetic nerves 
tends to decrease the motor activity of the heart, in conditions of 
relative cardiac ischaemia, where it is particularly desirable to prevent 
the work of the heart from exceeding its limited capacity for muscular 
effort. Unfortunately, complete motor denervation of the heart 
is a most formidable procedure, entailing bilateral extirpation of the 
sympathetic chain, from the superior cervical ganglion down to the 
fifth thoracic ganglion, and also denervation of the suprarenal medulla 
(since it has been proved that even small quantities of adrenalin can 
evoke pressor effects on the denervated heart). Apart from the grave 
operative risk of such an extensive procedure on a cardiopathic patient, 
it has the added and serious danger of leaving the heart entirely unable 
to respond to effort. More limited attacks on the motor sympathetic 
give little or no benefit, owing to the widespread connections of the 
motor fibres. 
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Interruption of the sensory sympathetic paths (see page 3942) is 
free from these drawbacks, gives the most dependable results, and is 
rapidly becoming the established method of attack in cardiac neuro- 
surgery. Cardiac sensation can be largely abolished by effective 
division of the sensory pathway, and angina, and other forms of heart 
pain, can be cured or relieved, without in any way impairing the heart’s 
efficiency, or its ability to respond to effort. 

Sir James Mackenzie objected to the surgical treatment of angina 
pectoris on the ground that by abolishing pain it would remove an im- 
portant warning signal against effort beyond the heart’s limited 
capacity. This objection has not proved valid, as in actual practice 
cardiac sensation is rarely abolished to such an extreme degree, and 
warning signals of some kind still occur when anything like dangerous 
effort is indulged in. A striking proof of this is given by White in 
his admirable monograph on the sympathetic system published in 1935 : 
a number of angina cases were treated by complete sensory denervation 
on the left side, with the result that anginal pain and all cardiac sensa- 
tions were abolished to the left of the mid-line, but danger signs in the 
form of slight right-sided pain and vasomotor phenomena in the face 
or abdomen still occurred in the presence of effort. As a matter of fact, 
most failures after neurosurgical treatment for angina have been due 
to a too limited sensory denervation, and the dangers of too complete 
an interruption are undoubtedly less serious than some people would 
have us believe. 

Although we have discussed the nerve surgery of the heart on the 
basis of its three distinct forms of nerve supply, in actual fact it is 
impossible to perform a successful neurosurgical operation which 
limits itself to the vasomotor, pressor, or sensory innervation only. 
Any sympathectomy sufficiently extensive to be of service is bound to 
interrupt all three forms of cardiac innervation, although it is true that 
they may not be interrupted to an equal degree. The results of surgical 
intervention depend partly on the proportion in which the three forms 
of nerve supply are interrupted, and partly on the degree of such inter- 
ruption. When it is added that the anatomical arrangement of the 
cardiac nerves and their connections is subject to considerable variation, 
as is also the anatomical knowledge and surgical skill of operators, it 
becomes easy to see why tbe results claimed for the numerous and often 
dissimilar surgical procedures arc so inconsistent and confusing. 

An attempt to extract the more successful neurosurgical operations 
on the heart from the large list of attempted procedures leaves the 
following small group for further consideration. It should first be noted 
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that, while the best results of neurosurgery are obtained in eases of early 
and uncomplicated or functional angina pectoris (angina simplex), in 
which the outstanding lesion is probably an intermittent coronary 
vasospasm, some relief and amelioration can be expected even in the 
presence of early organic coronary disease with relative cardiac ischaemia. 
These latter cases, however, are far more suitable for the more 
modern procedures of thyroidectomy and Beck’s grafting operation. 
Surgical treatment must be carefully avoided in cases of hysterical 
angina or pseudo-angina. 

The following operations are all directed to the cervico-dorsal sym- 
pathetic system, and for a description of operative technique the reader is 
referred to the article on the Sympathetic Nervous System in VoL II, 
page 3099. 

1. Complete Cervical Sympathectomy. This is the procedure sugges- 
ted by Franck, and performed and warmly defended by Jonnesco. 
The operation may be done on the left or on both sides, and in one 
stage or two. Its object is to remove the entire cervical sympathetic 
chain, down to and including the stellate or 1st thoracic ganglion. 
Before 1920, bilateral complete cervical sympathectomy was the most 
effective method of cardiac denervation we had ; in fact, until about 
that date it was believed that this procedure interrupted almost all the 
central connections of the cardiac plexus. We now know that, although 
it abolishes most of the motor and vasomotor sympathetic fibres, a 
variable but large proportion of the sensory connections arc left un- 
touched. Iu spite of this it is quite certain that the operation cures or 
relieves a considerable percentage of cases submitted to it. Its great 
drawback is a high mortality, to which attention was drawn by Danielo- 
polu, and which has stood in the way of the procedure ever becoming 
really popular. Leriche and Fontaine attribute this mortality to the 
trauma and shock caused by speedy and rough operative technique, and 
believe that with more gentle and slower operations the risk could be 
greatly lowered. We doubt, however, if the danger of such a huge pro- 
cedure could be anything but great in a patient with a cardiac disorder. 
The operation is tedious and difficult, particularly in short-necked 
individuals, and has now been replaced by simpler and safer procedures. 

2. Suprastellale Sympathectomy. The high mortality of Jonnesco’s 
operation led to the introduction of more conservative procedures. 
Thus, in 1923, Coffey and Brown claimed to relieve some cases of angina 
by resection of the superior cervical ganglion. This is above the level of 
sensory connections (see page 3943), and any benefit which results must 
be attributed to division of motor or vasomotor fibres only. In 1927, 
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Danielopolu recommended a very conservative operation which, 
amounts to a post-ganglionic ramisectomy. Both procedures spare the 
stellate ganglia and the thoracic connections of the cardiac sympathetic, 
and completely preserve the efficiency of the heart. But there is no 
evidence that removal of the stellate ganglia impairs the cardiac 
efficiency, and the scope of these conservative operations is far too 
limited, and their results too uncertain, to justify their retention. An 
exception might perhaps be made in short-necked patients, in whom 
resection of the upper and middle ganglia may be less difficult and 
dangerous than stellectomy. 

3. Stellectomy. The effects of stellectomy can be imitated by in- 
filtration of the stellate ganglia with novocaine. Leriche and Fontaine 
claim to have performed novocaine stellate block a hundred times, and to 
have obtained instant though temporary arrest of anginal and asthmatic 
crises. They recommend it in the treatment of anginal attacks which 
resist the usual medical measures. Since it does give a definite chance 
of relief, and also diminishes the tendency to fibrillation during a severe 
crisis, it is certainly worthy of trial. 

Resection of the left or of both stellate ganglia may at the moment be 
regarded as the best of the operative sympathectomies for the permanent 
relief of angina. It is almost as effective as Jonnesco’s complete cervical 
sympathectomy, and it is safer. Leriche and Fontaine report 70 per 
cent of good results after stellectomy for angina, but with certain other 
operators the figure is nearer 50 per cent. Its success or failure must 
largely depend on the anatomical arrangement of the sensory cardiac 
nerves. When the operation succeeds, it does so because the bulk of the 
afferent fibres pass through the stellate ganglia, but it is bound to fail 
when the thoracic cardiac nerves {see page 3043) carry a large proportion 
of the sensory nerves. Preliminary novocaine block during an anginal 
attack should assist us in distinguishing between these two types of 
sensory pathway, and may thus give valuable information of the like- 
lihood and degree of relief which can be expected from a stellectomy. 

4. Alcohol Injection of Upper Thoracic Ganglia and Rami. The 
frequent failure to abolish cardiac pain by cervical and stellate sympa- 
thectomy led to the anatomical discovery that post-ganglionic fibres 
reach the cardiac plexus from the upper five thoracic sympathetic 
ganglia, as well as from all three cervical ganglia, and that 
sensory impulses reach the cord only by the upper five thoracic 
white rami. This discovery was soon followed by a transference of 
surgical attack from the cervical to the thoracic ganglia and rami. 
Surgical resection of the upper thoracic ganglia was tried with absolute 
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Danielopolu recommended a very conservative operation which, 
amounts to a post-ganglionic ramisectomy. Both procedures spare the 
stellate ganglia and the thoracic connections of the cardiac sympathetic, 
and completely preserve the efficiency of the heart. But there is no 
evidence that removal of the stellate ganglia impairs the cardiac 
efficiency, and the scope of these conservative operations is far too 
limited, and their results too uncertain, to justify their retention. An 
exception might perhaps he made in short-necked patients, in whom 
resection of the upper and middle ganglia may be less difficult and 
dangerous than stellectomy. 

3. Stellectomy. The effects of stellectomy can be imitated by in- 
filtration of the stellate ganglia with novocaine. Leriche and Fontaine 
claim to have performed novocaine stellate block a hundred times, and to 
have obtained instant though temporary arrest of anginal and asthmatic 
crises. They recommend it in the treatment of anginal attacks which 
resist the usual medical measures. Since it does give a definite chance 
of relief, and also diminishes the tendency to fibrillation during a severe 
crisis, it is certainly worthy of trial. 

Resection of the left or of both stellate ganglia may at the moment be 
regarded as the best of the operative sympathectomies for the permanent 
relief of angina. It is almost as effective as J onnesco’s complete cervical 
sympathectomy, and it is safer. Leriche and Fontaine report 70 per 
cent of good results after stellectomy for angina, but with certain other 
operators the figure is nearer 50 per cent. Its success or failure must 
largely depend on the anatomical arrangement of the sensory cardiac 
nerves. When the operation succeeds, it does so because the bulk of the 
afferent fibres pass through the stellate ganglia, but it is bound to fail 
■when the thoracic cardiac nerves (see page 3943) carry a large proportion 
of the sensory nerves. Preliminary novocaine block during an anginal 
attack should assist us in distinguishing between these two types of 
sensory pathway, and may thus give valuable information of the like- 
lihood and degree of relief which can be expected from a stellectomy. 

4. Alcohol Injection of Upper Thoracic Ganglia and Rami . The 
frequent failure to abolish cardiac pain by cervical and stellate sympa- 
thectomy led to the anatomical discovery that post-ganglionic fibres 
reach the cardiac plexus from the upper five thoracic sympathetic 
ganglia, as well as from all three cervical ganglia, and that 
sensory impulses reach the cord only by tbe upper five thoracic 
white rami. This discovery was soon followed by a transference of 
surgical attack from tbe cervical to the thoracic ganglia and rami. 
Surgical resection of the upper thoracic ganglia was tried with absolute 
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that, while the best results of neurosurgery are obtained in cases of early 
and uncomplicated or functional angina pectoris (angina simplex), in 
which the outstanding lesion is probably an intermittent coronary 
vasospasm, some relief and amelioration can be expected even in the 
presence of early organic coronary disease with relative cardiac ischfemia. 
These latter cases, however, are far more suitable for the more 
modern procedures of thyroidectomy and Beck’s grafting operation. 
Surgical treatment must be carefully avoided in cases of hysterical 
angina or pseudo-angina. 

The following operations are all directed to the cervico-dorsal sym- 
pathetic system, and for a description of operative technique the reader is 
referred to the article on the Sympathetic Nervous System in YoL U, 
page 3099. 

1. Complete Cervical Sympathectomy. This is the procedure sugges- 
ted by Franck, and performed and warmly defended by Jonnesco. 
The operation may be done on the left or on both sides, and in one 
stage or two. Its object is to remove the entire cervical sympathetic 
chain, down to and including the stellate or 1st thoracic ganglion. 
Before 1926, bilateral complete cervical sympathectomy was the most 
effective method of cardiac denervation we had ; in fact, until about 
that date it was believed that this procedure interrupted almost all the 
central connections of the cardiac plexus. We now know that, although 
it abolishes most of the motor and vasomotor sympathetic fibres, a 
variable but large proportion of the sensory connections are left un- 
touched. In spite of this it is quite certain that the operation cures or 
relieves a considerable percentage of cases submitted to it. Its great 
drawback is a high mortality, to which attention was drawn bv Danielo 
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Danielopolu recommended a very conservative operation which 
amounts to a post-ganglionic ramisectomy. Both procedures spare the 
stellate ganglia and the thoracic connections of the cardiac sympathetic, 
and completely preserve the efficiency of the heart. But there is no 
evidence that removal of the stellate ganglia impairs the cardiac 
efficiency, and the scope of these conservative operations is far too 
limited, and their results too uncertain, to justify their retention. An 
exception might perhaps he made in short-necked patients, in whom 
resection of the upper and middle ganglia may be less difficult and 
dangerous than stellectomy. 

3. Stellectomy. The effects of stellectomy can be imitated by in- 
filtration of the stellate ganglia with novocaine. Leriche and Fontaine 
claim to have performed novocaine stellate block a hundred times, and to 
have obtained instant though temporary arrest of anginal and asthmatic 
crises. They recommend it in the treatment of anginal attacks which 
resist the usual medical measures. Since it docs give a definite chance 
of relief, and also diminishes the tendency to fibrillation during a severe 
crisis, it is certainly worthy of trial. 

Resection of the left or of both stellate ganglia may at the moment be 
regarded as the best of the operative sympathectomies for the permanent 
relief of angina. It is almost as effective as Jonnesco’s complete cervical 
sympathectomy, and it is safer. Leriche and Fontaine report 70 per 
cent of good results after stellectomy for angina, but with certain other 
operators the figure is nearer 50 per cent. Its success or failure must 
largely depend on the anatomical arrangement of the sensory cardiac 
nerves. "When the operation succeeds, it does so because the bulk of the 
afferent fibres pass through the stellate ganglia, but it is bound to fail 
when the thoracic cardiac nerves (see page 3943) carry a large proportion 
of the sensory nerves. Preliminary novocaine block during an anginal 
attack should assist us in distinguishing between these two types of 
sensor}' pathway, and may thus give valuable information of the like- 
lihood and degree of relief which can be expected from a stellectomy. 

4. Alcohol Injection of Upper Thoracic Ganglia and Rami. The 
frequent failure to abolish cardiac pain by cervical and stellate sympa- 
thectomy led to the anatomical discovery that post-ganglionic fibres 
reach the cardiac plexus from the upper five thoracic sympathetic 
ganglia, as well as from all three cervical ganglia, and that 
sensory impulses reach the cord only by the upper five thoracic 
white rami. This discovery was soon followed by a transference of 
surgical attack from the cervical to the thoracic ganglia and rami. 
Surgical resection of the upper thoracic ganglia was tried with absolute 
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success so far as the relief of cardiac pain was concerned, but it proved 

much too dangerous a procedure for patients with coronary disease. 

Following the example of Mandl of Vienna, paravertebral alcohol 
injections into the upper thoracic ganglia and rami began to be given, 
and soon proved very successful in abolishing cardiac pain, and com- 
paratively free from danger to life. Lists of successful cases were 
published by several clinics, while recently (1935) the procedure has 
been extensively tried and warmly advocated by J. C. White of 
Harvard. He analyses results in 40 patients, all with intense cardiac 
pain unrelieved by medical measures, many with Bevere relative 
ischaemia or even coronary thrombosis, and some with actual congestive 
failure ; his figures show one operative death, nearly 70 per cent cures 
(90 to 100 per cent relieved), and nearly 20 per cent good improvements 
(relieved 50 per cent or more). The failures he attributes to imperfect 
injection and gives convincing evidence in support of this contention. 

Were it not for its technical difficulty, and for the unpleasant com- 
plications to which it is liable, paravertebral alcohol injection would 
by now have replaced every other form of sympathetic neurosurgery. 
Unfortunately, accurate injection at a depth of two to three inches, of 
structures so small and so hidden as the sympathetic ganglia and white 
rami, is bound to be technically very difficult, and requires long aud 
careful study and practice. Of the complications, apart from the failures, 
the most common is an intercostal neuritis. The alcohol injection 
permanently destroys the sympathetic rami, but only temporarily 
anaesthetises the thicker and more strongly sheathed intercostal nerves ; 
after two or three weeks’ anesthesia the intercostal nerves pass on to 
an irritative neuritis, which may be slight and short-lived, but is some- 
times severe aud prolonged. Among less common complications are 
pneumothorax, due to pricking of the lung, and pleuritic pain , caused 
by scratching of the pleura. 

Because of the technical difficulty of a successful injection, and the 
liability to troublesome intercostal neuritis, we feel that the alcohol 
treatment should be reserved for cases of severe anginal pain which, 
because of coronary disease or threatening failure, are poor operative 
risks for stellectomy, thyroidectomy or grafting operations. It is 
hardly necessary to add that it should be employed only by surgeons 
who thoroughly understand the technique of its administration. For a 
full description of this technique the reader is referred to the excellent 
monograph by J. C. White on the Autonomic Nervous System (1935) 
to which we have already alluded. A brief account will be found in 
Vol. II, page 3198. 
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OPERATIONS FOR DISORDERS OF CARDIAC RHYTHM 
Essential or paroxysmal tachycardia is a distressing disturbance of the 
pace-making mechanism of the heart, and is usually controlled by 
medical treatment. Occasionally, medical treatment fails to stop or 
abort the attacks, which may become so severe as to bring on congestive 
failure of the heart. Stellectomy has been suggested for such cases by 
Leriche and Fontaine, who claim one cure years after operation. 
On the other hand, J. C. White investigated two cases by injecting 
novocaine into the upper thoracic ganglia, in one of which the heart rate 
was brought down from 210 to 83 for three weeks ; he believes, however, 
that in children, at least, ganglionectomy should be preferred to alcohol 
injections. 

Leriche and Fontaine go so far as to suggest that sympathectomy 
may be tried in Stokes Adams’ bradycardia, in the belief that by im- 
proving the coronary blood flow we might influence the conducting 
system of His. Assuming, however, that bradycardia is a manifestation 
of coronary deficiency, it is more likely to be influenced by operations 
more definitely directed to the blood supply of the heart. 

THYROIDECTOMY IN TREATMENT OF CARDIOPATHIES 
Although only three years have elapsed since the normal thyroid 
was first extirpated for heart disease, the operation is now firmly 
established as a measure of real therapeutic value. Even in this short 
period it has been possible to fonn an opinion of the usefulness of the 
operation, of its indications, and of its results. The pioneer work of 
Blumgart, Levine and Berlin has already been referred to (see page 
3973), and in the last two years further publications by them, Cutler, 
and others, have done much to bring this valuable procedure to the 
notice of the surgical world. 

It has been known for many years that the removal of a toxic 
thyroid may benefit materially any associated cardiac lesion, but the 
extirpation of the normal thyroid is done for a different reason, viz., to 
ease the work of the heart by lowering the general metabolism. When 
first tried for this purpose the thyroidectomy was sub-total, but this 
soon proved of little or no service. Total thyroidectomy, however, 
produced very striking relief in both angina pectoris and early congestive 
failure of the heart. The actual results differ materially in these two 
cardiopathies, as might indeed be expected from their quite dissimilar 
pathology ; but, in general, cardiac pain and distress in the first, or 
the congestive phenomena of decompensation in the second, may be 
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expected to dimini sh or disappear when the basal metabolic rate falls 
to minus 20 or 25. Usually it takes from three to four weeks for this 
fall to be fully established. The maintenance of this low level of meta- 
bolism will not be disturbed by the minute doses of thyroid extract 
which have to he taken to avoid myxcedema. 

The experience of the last three years has shown that thyroidectomy 
must not be regarded as a panacea for all sufferers from serious heart 
disease. The attempt to accept and apply the operation in any such 
sense can only ultimately discredit a procedure which, within proper 
limits, is capable of conferring very real and lasting benefit. In a recent 
publication Mister, Blumgart and Berlin emphasise three points, 
observation of which is essential to success : (1 ) pre-operative study and 
careful selection of cases, (2) special operative technique and post- 
operative care, and (3) accurate interpretation of the results, comparison 
of what is expected with what is gained, and derivation of the indications 
and contra-indications for the operation from the knowledge thus 
obtained. It is under these headings that we shall endeavour to present 
an outline of this important procedure. 

Pre-operative study and selection . Surgery should never be employed 
as an agent of euthanasia, and no case should be submitted to operation 
owing to the failure of medical treatment, unless there is a reasonable 
chance of recovery. The somewhat high immediate mortality which 
first attended the operation led to a more careful pre-operative study 
of cardiopathic patients, and a closer co-operation between the physi- 
cians and surgeons in charge, with the result that careful selection of 
cases was soon found to be the most important factor in success. It is 
now known that cases of advanced congestive heart failure, in which 
decompensation exists to the degree of serious pulmonary congestion, 
and which fail to respond to a period of complete rest and medical 
treatment, will not improve after thyroidectomy, and are likely to die 
from it. We also know that patients with a low basal metabolic rate 
(minus 10 or less) are unlikely to derive any benefit from it, and that 
cases of coronary thrombosis make bad operation risks. It bas further 
become obvious that although thyroidectomy may considerably relieve 
the distressing symptoms of angina and other coronary cardiopathies', 
its best results are obtained in early congestive failure. 

Another factor of great importance is the amcstliesia. Many of the 
early operative deaths occurred under general anesthesia, and there 
can be no question whatever that the operation should only be performed 
with local novocaine infiltration. The strongest possible * ort of this 
is given by Mixter, Blumgart and Berlin, who repor f their last 
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22 cases of congestive failure were operated on under local anaesthesia 
without a single operative fatality. The same authorities advise against 
the administration of more than a minimal quantity of sedative drugs, 
both before and after the operation, on the ground that thereby the 
cough reflex is not abolished, and the patient is protected against the 
very real danger of post-operative pneumonia. 

Operative technique. The median approach, by dividing the isthmus 
and removing the two lobes separately, has been abandoned as too 
dangerous, and the usual thyroidectomy approach is employed. After 
infiltrating the tissues in front and to each side of the gland, a long 
collar incision is made a full inch above the sternum, down to the 
infra-hyoid muscles. These are split from the larynx to the sternum 
and widely separated. The previous novocaine infiltration will now 
prove helpful by separating the tissue planes, and facilitating the 
isolation and removal of the gland. Care must be taken not to infiltrate 
the tracheo-cesophageal groove, as tliis may cause recurrent laryngeal 
paralysis ; serious results may occur if both nerves are blocked. The 
superior thyroid vessels are now divided and the upper poles of the gland 
mobilised ; the other vessels are then tied and cut as near as possible, to 
the gland which is gently enucleated from its surroundings. By keep- 
ing very close to the gland the dangers of injuring the recurrent laryn- 
geal nerve, and of removing the parathyroids, are considerably diminished. 
Blumgart and his associates do not regard these dangers very seriously, 
although they admit that mild tetany may occur, and that paralysis 
of one vocal cord from injury of the recurrent is a reason for stopping 
the operation at a hemi-thyroidectomy. But Cutler and Schnitker 
appear to consider these accidents as quite likely, and insist that the 
recurrent laryngeal should be actually seen at the operation, to safe- 
guard it against injury, and that very special care should be exercised 
to avoid removal of the parathyroids. 

The post-operative care of the patient should be shared between the 
physician and the surgeon. The most strict supervision, bodily rest, 
and medical treatment must be continued until anginal symptoms 
have cleared up, or until there is evidence of good cardiac compensation. 
In congestive failure the operation lowers the demand made upon the 
heart, and by comparison raises the supply of cardiac activity ; thus a 
state of decompensation gives place to one of compensation. The 
success or failure of the operation will not be apparent until the basal 
metabolic rate has been reduced to the necessary level to give real 
relief to cardiac effort, i.e. about mums 20, and this docs not usually 
occur until the third or fourth week. When this stage is reached, and 
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provided the cardiopathy has been definitely ameliorated, very slight 
bodily activity may be begun, and most gradually and carefully 
increased. The rest of the treatment consists of careful regulation of 
bodily activity and thyroid administration ; the object is to find and keep 
an optimum level, in each patient, which will maintain the hypothyroid 
state, without myxcedema or an unnecessarily vegetative existence, on 
the one hand, and without threatened return of symptoms or signs of 
decompensation, on the other. 

Results and Indications. The published results of thyroidectomy 
show that the operation is, on the whole, more successful in selected 
cases of congestive failure than in cases of angina and coronary occlu- 
sion. Of the 75 cases published by Blumgart and bis associates, 25 
were cases of angina and 50 of congestive failure. Blumgart’s angina 
results show a mortality (post-operative) of 8 per cent, complete relief 
in 35 per cent, partial relief in 50 per cent, and failure in 15 per cent. 
The figures of 29 cases of angina published by Cutler and Schnitkcr are 
very similar. Blumgart’s 50 cases of congestive failure show the 
following results : operative mortality of 12 per cent (none in the last 
22 cases), subsequent mortality (within 10 months) of 13 per cent, 
marked improvement (return to work) in 55 per cent, partial improve- 
ment in 13 per cent, and failure of 7 per cent. Considering that this 
last group were all cases with actual congestive failure, many of them 
with considerable decompensation, and all incapacitated from work prior 
to operation, these figures are, to say the least, extremely encouraging. 

It is, indeed, in the treatment of early congestive failure that we feel 
the future of total thyroidectomy lies. Angina can be relieved by 
effective neurosurgery, while coronary occlusion will before long 
probably find its cure in grafting operations ; but the large group of 
patients with a failing rheumatic heart cannot be benefited by either of 
these procedures, and the only hope of relieving their distress, pro- 
longing their fives, and perhaps restoring them to a useful degree of 
activity, at present lies in thyroidectomy. 

The operation is by no means free from danger, and Blumgart 
himself admits that it should be abandoned in favour of paravertebral 
alcohol injections (or other treatment) in old patients with coronary 
thrombosis and cardiac pain, in cardiopathies associated with syphilitic 
aortitis and aortic regurgitation, and in all cases with a low basal 
metabolic rate. It would probably be wise to add to this list all cases 
of severe angina, and those of arteriosclerotic and hypertensive heart 
disease, and to reserve thyroidectomy particularly for patients with early 
congestive failure and without severe cardiac pain. 
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REVASCULARISATION OP THE HEART BY OPERATION 

The great frequency of occlusive disease of the coronary arteries, its 
painful and distressing manifestations, and its inevitably fatal termina- 
tion, often appallingly sudden, makes it the most dreaded of cardiac 
disorders. It attacks people in the prime of life, and shows a special 
predilection for men of intelligence and industry, and for experienced 
professional, commercial and social workers, when they can least be 
spared. Medical treatment cannot do more than alleviate some of the 
distressing symptoms and perhaps postpone for a while the inevitable 
end, but at times it fails even to do this much. Neurosurgical operations 
and total thyroidectomy often give more marked and more permanent 
relief, and they inay delay the fatal termination for a longer period ; 
but in the nature of things they can never be really curative, since they 
cannot completely arrest the organic processes which deprive the 
heart muscle of the blood supply necessary to the maintenance of its 
function. 

Sooner or later surgical art was bound to attack the problem of 
coronary occlusion at its root, by providing a new blood supply to the 
ischaemic heart muscle, and the name of Claude Beck will go down to 
posterity as that of the man who made the first successful attempt to do 
this on a human subject. Whether his operation will stand the test of 
time, or whether it becomes in due course replaced by other and simpler 
or more satisfactory procedures, the first great step has been taken, and 
the tenacity and initiative of surgeons may be trusted to improve and 
widen its principles and scope, until this surgical achievement becomes 
equal to the tremendous need for it. 

The heart is defenceless against the interruption of its normal blood 
supply, because the serous sac which encloses it deprives it of the chance 
of acquiring an adequate external collateral supply. The only conti- 
nuity between the coronary circulation and extracardiac structures is 
provided by the scanty fat and other avascular tissues on the walls of 
the great vessels. In extremely exceptional cases even this poor scaffold 
for an extracardiac anastomosis is capable of development, as is shown 
by the survival of a few cases with complete occlusion of one or even 
both coronary arteries, but the occlusion has to occur so very slowly 
that it is not surprising to discover that such cases are absolute rarities. 
In the vast majority, death occurs long before any external anastomosis 
even begins to function. 

Bringing the surface of the ischaemic heart into direct contact with 
an extracardiac vascular bed is the obvious solution of this problem. 
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both procedures arc* in the stage of trial, and that only future experience 
will decide whether one or the other, or perhaps some method as yd 
undiscovered, will ultimately prove the best. 

Beck's Muscle-grafting Operation. Beck’s first attempt to reus- 
cularise the human heart was a complete success. The operation was 
performed in February 1935, on a man of 48 with severe anginal 
attacks, moderate hypertension and arteriosclerosis, and a generally 
typical pictuie of coronary sclerosis. Under gas and oxygen anacatk/a 
the insertion of the left pectoralis major was mobilised, and a tunol 
incision made to the left of the sternum. A pedicled flap was cut to 
the lower part of the pectoral muscle (fig. 2184), while the upper part 
of the pectoral was incised a little lateral to the sternum and lifted to 
the 3rd, 4th and 5th cartilages. These cartilages were then removed 
and the intercostal muscles divided laterally, preserving their mterd 
mammary supply. The pericardium was opened from apex to baa 
(fig. 2185), and its serous lining, as well as the epicardium, removed m 
shreds with a burr. This caused extra systoles and some cardhf 
dilatation, which necessitated rest periods. The pedicled graft was then 
split, and both parts wrapped round the heart, and sutured laterally 
and posteriorly to the parietal pericardium (fig. 2180). The iutercO'tJ 
muscle bundles, carrying the internal mammary artery, and the in*j 
margin of the pectoral muscle were brought beneath the sternum 
also attached to the pericardium. Finally, the lateral margin of tk 
pectoral was turned in so that its cut surface touched the l»e»j 
(fig. 2187), and the pectoral fascia and skin wound were suturrf 
without drainage. 

Seven months after the operation the patient claims that he U CUB* 
He has had no precordial pain or distress, and is able to work a 5 1 
gardener. In an addendum to Ms article Beck reports six addition 
operations, making seven in all. His second patient died after a «“ 
from thrombosis of the bifurcation of the aorta. The third had hal* 
total thyroidectomy performed 18 months previously and was practical 1 !' 
bedridden ; at operation the sclerosed and tortuous coronary artof 
could be palpated ; in less than 3 months ho was able to take double® 
amount of thyroid, to bring up his B.M.R. from minus 20 to pi" 5 - 
without any pain, and to spend C to S hours out of bed daily. The 
patients survived the operation, but a sufficiently long interval had »» 
elapsed to comment on them. 
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tendon of the diaphragm, pulled the omentum into the pericardial 
cavity, destroyed the epicardium with iodine, and wrapped the 
omentum round the heart, fixing it in situ with two sutures. Three to 
six weeks later he ligatured the left coronary at its origin. Ail the dogs 
survived and showed no disturbance of cardiac function, while control 
animals without the omentocardiopexy invariably succumbed. At a 
subsequent operation extensive adhesions were found between the 
omentum and heart, which bled profusely when slightly separated. 
It should be observed that Rienhoff used old dogs for his experiments, 
and it may be this, rather than the different vascular bed employed, 
which explains the greater protection he obtained against one-stage 
occlusion of a main coronary trunk. 

In January 1936 O’Shaughnessy published in the British 
Journal of Surgery a series of experimental omentocardiopexies on 
cats and dogs, with very similar results. He showed that injection 
material reached the myocardium from the omentum. It is interesting 
to note that one of his animals died from a strangulated hernia of the 
intestine, which had passed into the thorax through the diaphragmatic 
opening. 

Beck’s, Rienhoff s and O’Shaughnessy’s experiments prove quite 
conclusively that the ischaemic heart can acquire a collateral circulation, 
provided it is brought into contact with a vascular bed, and that this 
may prove adequate to meet the heart’s needs. An obvious question 
which arises is whether or not the adhesions between the heart, on the 
one hand, and the pericardium, skeletal muscle or omentum, on the 
other, are likely to hamper cardiac movements and function. In 
the section on adhesive pericarditis it was pointed out that only two 
types of adhesive process interfere with the heart, viz. fixation to rigid 
structures, and constrictive adhesions. In the procedures we are now 
considering neither of these conditions applies, and there is no reason 
to expect any appreciable cardiac embarrassment. 

In the application of these procedures to the human subject two 
further questions arise. In Beck’s operation of muscle-grafting the 
nerve supply to the pedicled graft is partly destroyed, and this may lead 
to atrophy and diminished vascularity of one source for the collateral 
cardiac blood supply ; Beck himself, however, does not consider this 
objection to be valid. The employment of omental grafts (omento- 
cardiopexy) is free from any such objection, but it involves the creation 
of an opening in the diaphragm, which may be a cause of subsequent 
diaphragmatic hernia, or which may by fibrous contraction ultimately 
lead to strangulation of the omenta! graft. It must be stressed that 
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both procedures are in the stage of trial, and that only future experience 
will decide whether one or the other, or perhaps some method as yet 
undiscovered, will ultimately prove the best. 

Beck's Muscle-grafting Operation. Beck’s first attempt to revas- 
eularise the human heart was a complete success. The operation was 
performed in February 1935, on a man of 48 with severe anginal 
attacks, moderate hypertension and arteriosclerosis, and a generally 
typical picture of coronary sclerosis. Under gas and oxygen anesthesia 
the insertion of the left pect oralis major was mobilised, and a curved 
inch-ion made to the left of the sternum. A pedicled flap was cut from 
the lower part of the pectoral muscle (fig. 21S4), while the upper part 
of the pectoral was incised a little lateral to the sternum and lifted from 
the 3rd, 4th and 5th cartilages. These cartilages were then removed, 
and the intercostal muscles divided laterally, preserving their internal 
mammary supply. The pericardium was opened from apex to base 
(fig. 21S5), and its serous lining, as well as the epicardium, removed in 
shreds with a burr. This caused extra systoles and some cardiac 
dilatation, which necessitated rest periods. The pedicled graft was then 
split, and both parts wrapped round the heart, and sutured laterally 
and posteriorly to the parietal pericardium (fig. 21SG). The intercostal 
muscle bundles, earning the internal mammary artery, and the inner 
margin of the pectoral muscle were brought beneath the sternum and 
also attached to the pericardium. Finally, the lateral margin of the 
pectoral was turned in so that its cut surface touched the heart 
(fig. 2187). and the pectoral fascia and skin wound were sutured 
without drainage. 

Seven months after the operation the patient claims that he is cured. 
He has had no precordial pain or distress, and is able to work as a 
gardener. In an addendum to his article Beck reports six additional 
operations, making seven in all. His second patient died after a week 
from thrombosis of the bifurcation of the aorta. The third had had a 
total thyroidectomy performed IS months previously and was practically 
bedridden ; at operation the sclerosed and tortuous coronary arteries 
could be palpated ; in less than 3 months he was able to take double the 
amount of thyroid, to bring up bis B.AI.B. from minus 20 to plus 2, 
without- any pain, and to spend G to S hours out of bed daily. The other 
patients survived the operation, but a sufficiently long interval had not 
elapsed to comment on them. 
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Tumours of the Heart 

Considerably over a hundred cases of tumours and cysts of tlie 
heart arc on record. The tumours are mostly secondary carcinomata, 
fibromata and rhabdomyomata. Morbid effects may be produced by 
pressure on the coronary, pulmonary, or other vessels entering and leav- 
ing the heart, by interference with the conducting mechanism or the 
valves, by encroachment on the heart chambers, aud by destruction 
of the myocardium. There is, unfortunately, no recognisable clinical 
picture, and diagnosis has so far proved practically impossible. Hydatid 
cysts have also affected the heart ; diagnosis has not yet been accom- 
plished, but the complication might be suspected in a case of generalised 
pulmonary hydatid disease with syncopal attacks. 

Two instances of surgical intervention are mentioned by Lenonnanfc 
and Leriche. In one, Leriche liiinself discovered a sarcoma of the right 
auricle, while in the other, Lopez found a hydatid of the heart during 
a search for an alleged mediastinal tumour. Both cases died after an 
attempt at partial removal of the tumour. 


Surgical Treatment of Cardiac Arrest 

Nearly all cases of suspended animation which can he treated 
surgically occur ou the operating table and under general anaesthesia. 
Usually the cardiac arrest is attributable to the anesthetic, but it is 
not chloroform which is always responsible. The writer has seen it 
occur twice with open ether and twice with a short gas administration, 
all four cases proving fatal. One cannot help expressing the conviction 
that some cases of total cardiac arrest are directly due to preventable 
error in anesthetic technique, and more particularly to inattention on 
the part of the anaesthetist, and to his failure to inform the surgeon that 
things are going wrong in time for the latter to apply successful 
resuscitatory measures. 

At the first sign of cardiac arrest (in abdominal operations tins is 
best confirmed by palpating the aorta), the head should be lowered, 
coramine injected, and the chest slapped, or forcibly compressed over 
the precordia and suddenly released. If there is no response in under 
a minute, one or two cc. of 1 in 1000 adrenalin should be injected 
into the right ventricle through the fourth intercostal space. When 
the abdomen is open, cardiac massage should be started at once by 
the surgeon, while his assistants carry out the above measures and 
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apply artificial respiration; otherwise a left paramedian epigastric 
incision is made at maximum speed. The right hand is insinuated 
above the left lobe of the liver, and the heart squeezed rhythmically 
and methodically through the diaphragm, the precordial region being 
steadied with the left hand. The adrenalin may be injected through 
the diaphragm, as it is then more likely to reach the heart muscle instead 
of being wasted in a cardiac chamber. 

The diaphragm should never be incised in performing cardiac 
massage, and care must be taken not to tear the liver or its ligaments. 
The trans-thoracic approach is not permissible, as there is never enough 
time to allow of it. To stand any chance of success the surgeon should 
be massaging the heart within five minutes of its arrest ; the brain 
centres will not recover after a much longer period of anoxremia, even 
if the heart be coaxed to a short return of function. 

REFERENCES . 

Axrep and Segall. Heart, 1926, XIII, 239. 

Beck. J.A.M A , Sept. 1931, 19. 

Beck. Ann. Surg., 1935, CII, 801. 

Beck and Cox. Arch. Surg., 1930, XXI, 1023. 

Beck and Griswold. Arch. Surg., 1930, XXI, 1064. 

Beck, Tichv and Mortiz. Proc. Soc Exp. Biol, and Med., 1935, XXXII, 769. 

Blumoart, Levine and Berlin Arch. Int. Med , 1933, LI, 8G6. 

Cutler. Surg., Gyn., Obsl., 1932, LIV, 274. 

Cutler and ScnNlTKER. Ann. Surg., 1934, C, 578. 

Jonnesco. Buu. Acad, d Mid., 1920, LXXXIV, 93. 

Kiser. Surg., Gyn., Obst., Dec. 1935. 

Kountz, Pearson and Koenig. Jour. Clin. Investig , 1934, XIII, 1065. 

LenORMANT and Lericiie. Journ. He Chit., 1932, XL, 491. 

Lericiie and Fontaine. Journ. dc Chit., 1932, XL, 508. 

Mamikonoff. Ann. Surg., April 1933, 547. 

Mandl. Arch./, llin. Chit., 1925, CXXXVJ, 495. 

Mayer. Surg., Gyn., Obsl., May 1936, 852. 

Mixter, Blumoart and Berlin. Ann. Surg., 1934, C, 570. 

Moritz, Hudson and Orgain. Journ Exp. Med., 1932, LVI, 927. 

O’Siiauoiinessy. Brit. Journ. Surg., 1936. 

Bern. Quoted by Benct, J.A.M.A., 1935, CIV, 1979. 

Bieniioff. Ann. Surg., 1935, CII, 811 (in discussion). 

Shipley, Surg., Gyn., Obst., 1932, LIV, 280. 

White. The Autonomic Ncnous System, Henry Kimpton, London, 1935. 

White, Garrey and Atkins. Arch. Surg., 1933, XXVI, 765. 

Wilson. Brit. Journ. Surg., 1930, XXVIII, 259. 

Wolf. Quoted by Cutler, Dean Lewis's Practice of Surgery, 1 930, IV. 

VOL. III. — p 



CHAPTER II 


Surgery of the Veins 

VARICOSE VEINS 
AEtiology and Morbid Anatomy. 

The veins of the lower extremity are arranged in three sets, superficial, 
deep, and communicating. Of the sujxrjicial veins , the long or internal 
saphenous runs up the inner side of the leg and thigh, to pierce the deep 
fascia at the saphenous opening, and open into the femoral vein ; the 
short or external saphenous runs up the postero-extemal aspect of the 
leg and enters the popliteal vein. The deep veins start as venae comites 
accompanying the arteries of the foot and leg, and join to form the 
popliteal vein, which continues up as the femoral vein. The communicat- 
ing veins perforate the deep fascia of the leg and thigh at intervals, 
and establish free communications between the superficial and deep 
veins. All three sets of veins are supplied with valves which, when 
competent, prevent reversal of the normal direction of the blood-flow. 

The upward flow of venous blood is opposed by gravity. With such 
a long column of blood as is represented by the distance between the 
feet and diaphragm, the factors responsible for the maintenance of the 
venous flow operate at considerable disadvantage in the erect posture. 
This applies particularly to the small propulsive force represented by 
the difference between capillary and venous pressure, and to the suction 
effect of the negative pressure in the great veins produced by respiratory 
and cardiac activity. Indeed, in the upright position, the upward 
flow of venous blood depends mainly on the contraction of the lower 
limb muscles. Such contraction pushes the blood in the deep veins 
upwards, and thus sucks the blood out of the superficial veins, through 
their junction with the main venous trunks, and also through the com- 
municating veins. For this mechanism to function properly it is 
obvious that the valves in all three sets of veins must be competent, 
and that the erect posture, when kept up for lengthy periods, must be 
combined with muscular exercise. 

Recent work with radio-opaque injections by Barber and Orley 
tends to show that blood does not enter the deep veins through the 
communicating channels, but as their experiments were performed 
3990 
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on the X-ray table they do not invalidate the above description, which 
refers to the mechanism of the venous flow under conditions of postural 
stress. 

In the (etiology of varicose veins several factors play a part. The 
chief of these is venous stasis, mostly caused by long periods of standing 
in people of otherwise sedentary habit. The deep veins, well supported 
by surrounding muscles, are protected from the effects of this stasis, 
but the superficial veins feel the full brunt of it. Being quite unsup- 
ported, and deprived of the suction effect of adequate muscular contrac- 
tion, they begin to distend with accumulated blood. The rise in 
intravenous pressure is at first com- 
pensated by hypertrophy of the ? 
scanty muscular and elastic tissues 
of the venous wall, and while the 
valves remain competent the veins 
may regain their normal size and 
efficiency if the factors responsible 
for the stasis are arrested. Con- 
tinuation of the unfavourable con- 
ditions, however, ultimately leads 
to incompetence of the valves, owing 
to venous distension beyond the 
limits of valvular closure. A 
vicious circle is now initiated, more 
and more valves fail, and the 
dilated veins lengthen, become 
tortuous, and undergo degenera- 
tive and fibrotic changes in their 
walls; in other words, they be- 
come varicose, and the dilatation is now permanent (phlebectasis). 
All the layers of the vein wall share in these degenerative changes: 
the intima becomes irregular and loses its resistance to stress, so that 
thrombosis and phlebitis may result; the media becomes thick, and more 
and more fibrous and rigid, although it is sometimes atrophied and 
thin ; the adventitia is involved in the fibrotic process, which may 
spread beyond the vein and cause it to adhere to the skin. 

The superficial veins are no longer able to function properly, and, 
in the effort to regain efficiency, they may develop into great loops or 
bundles of vessels, often very thick-walled, but sometimes thin-walled 
in places. Adjacent loops may communicate to form large venous 
sinuses, and various morbid changes occur in the veins themselves, and 
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in the s kin and other tissues which they drain. The limb becomes con- 
gested and waterlogged, and suffers the effects of blood stagnation. These 
morbid changes are made worse by involvement of the communicating 
veins in the varicose process, and by incompetence of their valves. 

Two conditions which may be associated with venous stasis, and 
to which the writer drew attention in a recent paper, are senile 
phlcbosderosis and periphlebitis. The first is a fibrotic hardening of the 
veins, mostly seen in elderly patients with chronic ulcer of the leg, and 
occurring quite apart from varices. Periphlebitis is a cellular infiltra- 
tion of the penvenous tissues which occasionally develops as a result 
of venous stasis, and is also seen in chronic leg ulcers ; the vein itself 
remains thin-walled and can be felt as a fluid line, sunk into the 
infiltrated area. 

Inherited predisposition also plays an important part in aetiology, and 
according to Ochsner it can be demonstrated in 75 per cent of cases ; 
not infrequently varicose veins are associated with varicosities else- 
where, e.g. varicocele, haemorrhoids, etc. This inherited weakness 
of the vein wall explains the extensive varices sometimes seen in young 
people, but when the condition occurs in later life it is mostly mechanical 
in origin. Furthermore, it is significaut that phlebectasis aud phlebo- 
sclerosis may be accompanied by sclerosis of the arteries. 

Quite distinct in causation are the varices produced by the pressure 
of the gravid uterus, aud of abdominal or pelvic tumours, on the iliac 
veins, and those which form to compensate thrombosis of deep veins. 
The varicose veins of pregnancy cannot be entirely caused by pressure, 
as they often develop m the early months and may be very widespread. 
Clinical Features. 

\ancose veins are seen at all ages, but mostly in young adults 
and middle-aged people. The long saphenous tract is involved in 
the vast majority, mostly below the knee, but often in the thigh 
as well . the short saphenous suffers much less, but frequently shows 
some varicosities. The degree of involvement varies enormously. 
There may be just a few cyst-like dilatations in the course of the 
long saphenous : the whole vein may be more or less evenly dilated 
without bunching or looping ; or there may be great tortuosity with 
masses and loops of distended veins and sinuses. The condition may 
be limited to the larger veins, or it may involve the small radicles; 
dilatation of the venules of the skin is responsible for unsightly spider- 
like and other markings, but is otherwise of no importance. 

3Iany patients experience no symptoms whatever, but seek treatment 
merely because they have varicose veins. More than half, however, 
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complain of a heavy aching in the legs, and o£ fatigue which comes on 
with undue rapidity. Occasionally, severe a amp-like pains occur 
which may be caused by inadequacy of the nervous blood supply. 

The results of blood stagnation then manifest themselves. There is 
a fall in the oxygen of the local venous blood, and a rise in C0 2 , urea, 
and non-protein nitrogen. The resulting anoxsemia sets up an irritating 
dermatitis, with itching, and areas of pigmentation, especially above the 
internal malleolus. The limb becomes adematous and waterlogged, 
lymphatic stasis ensues and leads to hypertrophic and sclerotic processes 
in the skin, the subcutis and other tissues, and a more or less extensive 
ulceration may be the final result. Another possible sequel is hwmorrhage 
owing to rupture of the atrophied skin over an adherent vein. 
Investigations . 

Before undertaking treatment, the surgeon should ascertain if the 
valves in the superficial and communicating veins are competent or 
not, and if the deep veins are patent or not. 

The competency of the superficial veins is determined by Trendelen- 
burg’s test, to which attention has recently (1934) been drawn by Cooper. 
With the patient standing, the lower end of the saphenous vein in 
the thigh is compressed with the thumb, and the blood in it milked 
upwards : if the vein remains collapsed, the valves are competent 
and the test is negative ; if the vein fills from above, the valves are 
incompetent and Trendelenburg’s sign is positive. The competency 
of the communicating valves is examined by PertM’s test. The saphen- 
ous vein is obliterated in the thigh with a blood -pressure cuff, and the 
patient made to walk about ; the muscular activity should suck 
the blood out of the superficial veins, but if the valves in the com- 
municating veins are incompetent the superficial veins remain full. 

To test the patency of the deep veins, the superficial veins are obliter- 
ated with an elastic bandage -from the toes to the knee ; the patient is 
then made to walk for half an hour. If the deep veins are patent, the 
patient remains quite comfortable and any previous pain subsides, 
but when tile deep veins are thrombosed, the patient will complain of 
increasing discomfort. The importance of determining the patency of 
the deep veins is quite obvious, as any attempt to obliterate the super- 
ficial veins by injections or other treatment will have disastrous 
consequences in the presence of deep thrombosis. 

Complications. 

Numerous morbid conditions occur in association with varicose 
veins, hut they are dependent, not on the varices, but on the venous 
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in the skin and other tissues which they drain. The limb becomes con- 
gested and waterlogged, and suffers the effects of blood stagnation. These 
morbid changes are made worse by involvement of the co mmuni cating 
veins in the varicose process, and by incompetence of their valves. 

Two conditions which may be associated with venous stasis, and 
to which the writer drew attention in a recent paper, are senile 
phlebosderosis and peri phlebitis. The first is a fibrotic hardening of the 
veins, mostly seen in elderly patients with chronic ulcer of the leg, and 
occurring quite apart from varices. Periphlebitis is a cellular infiltra- 
tion of the perivenous tissues which occasionally develops as a result 
of venous stasis, and is also seen in chrome leg ulcers ; the vein itself 
remains thin-walled and can be felt as a fluid line, sunk into the 
infiltrated area. 

Inherited predisposition also plays an important part in aetiology, and 
according to Oclisner it can be demonstrated in 75 per cent of cases ; 
not infrequently varicose veins are associated with varicosities else- 
where, e.g. varicocele, hemorrhoids, etc. This inherited weakness 
of the vein wall explains the extensive varices sometimes seen in young 
people, but when the condition occurs in later life it is mostly mechanical 
in origin. Furthermore, it is significant that phlebectasis and plilebo- 
sclerosis may be accompanied by sclerosis of the arteries. 

Quite distinct in causation are the varices produced by the pressure 
of the gravid uterus, and of abdominal or pelvic tumours, on the iliac 
veins, and those which form to compensate thrombosis of deep veins. 
The varicose veins of pregnancy cannot be entirely caused by pressure, 
as they often develop in the early months and may be very widespread. 
Clinical Features. 

Varicose veins are seen at all ages, but mostly in young adults 
and middle-aged people. The long saphenous tract is involved in 
the vast majority, mostly below the knee, but often in the thigh 
as well : the short saphenous suffers much less, but frequently shows 
some varicosities. The degree of involvement varies enormously. 
There may be just a few cyst-like dilatations in the course of the 
long saphenous ; the whole vein may be more or less evenly dilated 
without bunching or looping ; or there may be great tortuosity with 
masses and loops of distended veins and sinuses. The condition may 
be limited to the larger veins, or it may involve the small radicles*; 
dilatation of the venules of the skin is responsible for unsightly spider- 
like and other markings, but is otherwise of no importance. 

Many patients experience nosymptoms whatever, but seek treatment 
merely because they have varicose veins. More than half, however, 
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complain of a heavy aching in the legs, and of fatigue which comes on 
with undue rapidity. Occasionally, severe a amp-like pains occur 
which may be caused by inadequacy of the nervous blood supply. 

The results of blood stagnation then manifest themselves. There is 
a fall in the oxygen of the local venous blood, and a rise in C0 2 , urea, 
and non-protein nitrogen. The resulting anoxaemia sets up an irritating 
dermatitis, with itching, and areas of pigmentation , especially above the 
internal malleolus. The limb becomes cedematous and waterlogged, 
lymphatic stasis ensues and leads to hypertrophic and sclerotic processes 
in the skin, the subeutis and other tissues, and a more or less extensive 
ulceration may be the final result. Another possible sequel is haemorrhage 
owing to rupture of the atrophied skin over an adherent vein. 
Investigations. 

Before undertaking treatment, the surgeon should ascertain if the 
valves in the superficial and communicating veins are competent or 
not, and if the deep veins are patent or not. 

The competency of the superficial veins is determined by Trendelen- 
burg’s test, to which attention lias recently (1934) been drawn by Cooper. 
With the patient standing, the lower end of the saphenous vein in 
the thigh is compressed with the thumb, and the blood in it milked 
upwards : if the vein remains collapsed, the valves are competent 
and the test is negative ; if the vein fills from above, the valves are 
incompetent and Trendelenburg’s sign is positive. The competency 
of the communicating valves is examined by Perthe’s test. The saphen- 
ous vein is obliterated in the thigh with a blood -pressure cuff, and the 
patient made to walk about ; the muscular activity should suck 
the blood out of the superficial veins, but if the valves in the com- 
municating veins are incompetent the superficial veins remain full. 

To test the patency of the deep veins, the superficial veins are obliter- 
ated with an elastic bandage from the toes to the knee ; the patient is 
then made to walk for half an hour. If the deep veins are patent, the 
patient remains quite comfortable and any previous pain subsides 
but when the deep veins are thrombosed, the patient will complain of 
increasing discomfort. The importance of determining the patency of 
the deep veins is quite obvious, as any attempt to obliterate the super- 
ficial veins by injections or other treatment will have disastrous 
consequences in the presence of deep thrombosis. 

Complications. 

Numerous morbid conditions occur in association with varicose 
veins, but they are dependent, not on the varices, but on the venous 
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stasis, the hlood stagnation, and the resulting local auoxmmia, 

accumulation of toxic metabolites, and local tissue acidosis. 

Associated skin changes are perhaps the most striking. Eczematous 
dermatitis (varicose eczema) is a common result and is seen in various 
types — erythematous, scaly, and weeping ; it may be localised, or it 
may involve the whole of what is known as the “ ulcer-bearing area 
of the leg (fig. 2189). Pigmentation (fig. 2190) occurs in the form of 
brownish macules which coalesce to form large areas of discolouration, 
and which may ultimately also occupy the whole of the ‘‘ ulcer-bearing 



area. Pruritus is very common, aud dermatitis artefacla may result 
from scratching. Other common results are alopecia, and a dry and 
hypertrophied skin. 

(Edema of the ankle and lower part of the leg occurs in advanced 
cases, but quite distinct from this is a brawny swelling of the limb which 
is sometimes seen, and which is caused by hypertrophy of the sub- 
cutaneous and deeper areolar tissues owing to lymph stasis. An interest- 
ing result of the local hyperemia, and one to which attention has only 
recently been drawn, is a dccalcijication of the lower part of the leg 
bones. Hamorrhage from a ruptured varicose vein has been mentioned 
already ; it is frequently started by injury, aud, although easily 
controlled, it may proceed to an alarming and even fatal degree if 
unintelligent first-aid measures are employed. 
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Perhaps the most interesting result of venous stasis is chronic nicer 
of the leg (fig. 2190). This is a typical indolent and spreading ulcer, 
often severely painful, and occurring anywhere in the ulcer-bearing 
area (fig. 2191). It is extremely chronic, starts mostly after the fourth 
decade, and may grow to a huge size (up to 40 square inches or more). 
Of 144 cases of indolent ulcer reported by the writer in 1933, only 
90 (62*5 per cent) were associated with varicose veins ; in the remainder 
no varices were observed. It follows that varicosity is by no means an 



invariable factor in the causation of the wrongly termed “ varicose 
ulcer ” ; the essential cause is venous stasis. 

There can be no question that varicose veins are liable to attacks 
of thrombophlebitis, but owing to reversal of the blood stream embolism 
is a very rare complication. 

Treatment . 

For some years varicose veins have been universally treated by the 
intravenous injection of sclerosing substances. The great advantages of 
this method are that it is extremely safe, and that it does not interfere 
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with the patient’s ordinary life and occupation. The substances mostly 
used to-day are sodium morrhuate, sodium salicylate, lithium salicylate, 
and quinine and urethane. They act by damaging the intima, which 
becomes irregular and “ sticky.” Thrombosis occurs and plays a part 
in the early obliteration of the veins, but final obliteration is produced 
either by organisation of the thrombus or by an adhesive cndophlebitis 
ending in fibrous sclerosis of the vessel. Adhesive obliteration is more 
permanent than thrombosis as there is less likelihood of recanalisation 
of the veins. Experimental work shows that destruction of the endo- 
thelium reaches its maximum on the fourth or fifth day, while on the 
sixth or seventh day regeneration begins. This suggests that the 
injections should be given every five or six days. 

Detailed consideration of the injection treatment is given in another 
section of this work (see Vol. II, page 3281 ), but certain general points may 
be dealt with here. The most obvious point is that before treatment is 
started we must make certain that the deep veins are patent ; throm- 
bosis in these is an absolute contra-indication to injections. Other 
contra-indications are advanced arterial disease and infective thrombo- 
phlebitis ; in the former are included thrombo-angeitis and severe 
arteriosclerosis, in both of which intravenous injections may be the 
determining cause of gangrene : in thrombophlebitis of infective 
origin the injection may result in exacerbations of the phlebitis and 
possibly in embolism. Although embolism is an extremely rare com- 
plication of injection treatment (Ochsner was only able to collect 
twenty-eight cases from the literature up to 1932), most cases occur in 
thrombophlebitic veins. 

Of recent years the injection treatment of varicose veins has been the 
subject of considerable criticism. In the opinion of many there is a high 
incidence of recurrence, and there is a large group of cases in which in- 
jections fail unless they are combined with simultaneous ligature of one or 
more veins. In the last group the valves are incompetent, as shown by 
the Trendelenburg sign, and the saphenous vein must be ligated at the 
highest palpable point, before injections are started. This small operation 
is performed under local anaesthesia, and the patient is allowed to get 
about at once. Patey recommends excision of the long saphenous 
iu the thigh by Babcock’s subcutaneous method, by which the vein 
is divided high up and tied to a special probe, which is pushed down and 
made to emerge through a small incision lower down ; the vein is now 
pulled out, its tributaries tearing without haemorrhage, and excised. 
An injection of 5 cc. of sodium morrhuate is given into the distal end 
of the vein and the leg bandaged with elastoplast, which is left un- 
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disturbed for ten days. This procedure is often successful when simple in- 
jections fail, and is probably the best treatment for cases with extensive 
varicose veins involving the thigh as well as the leg. Numerous other 
operations, once frequently performed, are practically obsolete now. 

When the Trendelenburg sign is negative, i.e. when the valves are 
still competent, injections alone will probably succeed in obliterating 
most of the varices, but it may be necessary to repeat the treatment 
after some years. 

THROMBOPHLEBITIS 

The term thrombophlebitis implies inflammation of a vein and clot- 
ting of its contained blood. It is in no sense a clinical or even a patho- 
logical entity, but must be regarded as a descriptive term which covers 
a large number of more or less distinct conditions, conveniently grouped 
together within the limits of the above definition. With the object of 
avoiding unnecessary overlapping and repetition, the various condi- 
tions will be dealt with here as a group, but it should be observed that 
they differ considerably in their pathology, clinical manifestations, 
complications and treatment. The one common factor is that all forms 
of thrombophlebitis start as an inflammatory lesion of the vein wall, 
and that thrombosis follows changes in the venous endothelium caused 
by the inflammation. 

Classification and JEtiology. 

The large number and variety of lesions grouped under the term 
thrombophlebitis is shown by the use of such descriptive terms as post- 
operative thrombosis, puerperal thrombosis, leukcemic thrombosis, 
pylephlebitis, familial phlebitis, traumatic phlebitis, deep vein throm- 
bosis, superficial phlebitis, sinus thrombosis, phlebitis migrans, 
essential thrombophilia, etc. A consideration of these lesions on an 
aetiological basis shows that four factors operate in the causation of 
thrombophlebitis : (1) infection or other disease of the vein wall, 
(2) trauma, (3) venous stasis, and (4) altered state of the blood. 

(1) Infection of the vein ivall may be the result of spread from a 
neighbouring septic focus. Examples of this are: (a) Pylephlebitis, in 
which the mesenteric and portal veins become the site of a suppurative 
thrombosis, spreading from a septic focus such as the appendix or a 
sloughing hemorrhoid, and ending in a portal pycomia with multiple 
liver abscesses ; (6) lateral simis thrombosis (fig. 2192), in which the 
infection reaches the sinus from the tympano-mastoid cavity, and 
spreads as a suppurative phlebitis down the jugular vein ; (c) cavernous 
sinus thrombosis, a very fatal condition produced by spread of pyogenic 
infection from the upper lip or nose, along the angular vein, or from the ' 
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orbit, along the ophthalmic veins: (</) acute osteomyelitis, commonly 
associated with a septic thrombosis of the veins in the bone-marrow and 
Haversian systems, which is particularly dangerous as the veins are 
held open by adhesion of their walls to the rigid vascular canals ; and (e) 
puerperal thrombosis of the pelvic and iliac veins, which is a common 
result of infected labour or abortion. All these varieties of thrombo- 
phlebitis are suppurative, and can be produced by infection without 
stasis. Thev are all extremely dangerous to life, inasmuch as they are 
frequently responsible for the development of pyaemia. 

Infective thrombophlebitis also occurs in the course of certain 



sped jic fevers, particularly typhoid, pneumonia, influenza and malaria. 
Here, although infection probably plays the larger part, stasis and an 
altered character of the blood are additional cetiological factors. The 
phlebitis is usually non-suppurative. 

(2) Trauma causes a thrombophlebitis which may or may not he 
infective. In a recent discussion (1936) Dickson Wright drew atten- 
tion to the thrombosis that frequently accompanies fractures of the leg, 
thigh and pelvis, and to traumatic axillary phlebitis, which he attributed . 
to occupations entailing weight-lifting or downward snatching of heavy 
objects. Infective thrombophlebitis may be caused by direct infection 
through an open wound, bv a sting or bite, or from contaminated 
injections for varicose veins. 
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(3) Venous stasis does not in itself produce thrombosis, but it acts as 
a common and important contributory cause, particularly in post- 
operative thrombophlebitis. According to Ochsner, it is slowing up of 
the stream, with, eddying of blood in the veins, rather than complete 
arrest, that favours thrombosis ; but the direct cause is almost cer- 
tainly infective. More than 80 per cent of cases of post-operative 
thrombosis follow operations on the abdomen, particularly on the 
appendix, gall-bladder and pelvic organs. The stasis of varicose veins 
is another common cause of thrombophlebitis, which in this case is 



usually superficial. Mechanical obstruction and circulatory weakness are 
further oetiological factors which operate by causing stasis. 

(4) An altered state of the blood is responsible for the thrombosis of 
leukcemia and essential thrombophilia. It may also account for the cases 
of familial phlebitis, and possibly for the thrombosis that occasionally 
occurs in syphilis, gout and tuberculosis, although in these endophlcbitis 
may be the main causal factor. 


Morbid Anatomy (fig. 2193). 

This will vary according to the suppurative or non-suppurative 
character of the inflammation, the variety of the infecting organisms. 
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thrombosis spreads from the iliac to the femoral vein; Homans 
believes that the outward spread of the phlebitis obstructs the peri- 
venous lymph channels, but Zimmermann and de Takatz maintain 
that the perivenous lymphatics are patent, and that the curious nature 
of the oedema is due to escape of fluid very rich in proteins, owing to 
extreme permeability of the vessel walls. 

The resolution of thrombophlebitis comes by subsidence of in- 
flammation and organisation of the clot. Capillary loops grow in from 
the vasa vasorum in the vein wall and form a cellular granulation tissue 
which attacks the thrombus and organises it into fibrous tissue. The 
fibrosis may be complete and lead to permanent obliteration of the vein, 
which is converted into a solid cord ; or part of the lumen may be left, 
and the shrunken and fibrosed clot become covered with endothelium, 
thus partly reconstituting the venous channel. Old thrombi ar(j often 
calcified by deposition of lime salts, to form phleboliths ; these are prone 
to develop in varicose veins, usually near a valve. 

Clinical Features. 

These again are extremely variable. Some constitutional disturbance 
is usual, but it will vary from a mild fever with slight malaise, to a 
high swinging temperature, with rigors and other symptoms of pyaemia. 
Leucocytosis is common, especially when deep veins are affected. 

The local symptoms and signs are obvious in superficial phlebitis, 
but may be very obscure in deep-seated venous infection. Pain is 
constant; it is of a dull, throbbing nature, and is made worse by 
movement. There is tenderness along the course of the vein, which, if 
accessible, can often be palpated as a hard cord. In superficial phlebitis, 
mostly affecting the saphenous veins, there is marked redness, infiltra- 
tion and tenderness along the course of the vein. Pitting oedema is a 
prominent symptom, especially in deep thrombosis, in which also there 
may be dilation of superficial veins, and considerable loss of muscular 
function. Occasionally there is some congestion or cyanosis of the 
skin, and its temperature is sometimes raised by as much as two or 
three degrees Centigrade. 

Prognosis and Complications. 

The prognosis varies with the site, cause, and virulence of the 
infection, and the resistance of the patient. It is excellent in superficial 
and traumatic phlebitis, good in post-operative thrombosis, serious in 
lateral sinus infection, osteomyelitis and all forms of suppurative 
thrombosis, and very bad in cavernous sinus thrombosis, pylephlebitis, 
and puerperal thrombophlebitis. 
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The most serious complication is pyamia, whether this is systemic 
or portal. Massive pulmonary embolism is a less common but even 
more fatal complication. Less serious forms of embolism also occur, 
and they may cause infarction or metastatic infections, without a general- 
ised pyiemia : thus, small emboli may lodge in the lungs and cause 
single "or multiple pulmonary infarcts, often diagnosed as pneumonia, 
especially when they occur after operations. 

Another complication is persistent adema, which is an occasional 
result of axillary thrombophlebitis, but is more often seen after a femoral 
thrombosis. It is probably caused by a combined venous and lymphatic 
obstruction. 

Treatment. 

Only general principles can be dealt with here, but a more detailed 
description will be found under special typos of phlebitis. Prophylactic 
treatment is of the utmost value and may be summed up in one sentence : 
avoid infection and trauma, and prevent venous stagnation. This 
particularly applies to abdominal operations, where absolute asepsis 
and gentle manipulation will do much to diminish the incidence of post- 
operative femoral thrombosis. It is well known that rough manipula- 
tion of the abdominal wall is likely to injure the deep epigastric veins, 
and that this may initiate a thrombophlebitis which spreads to the 
femoral vein. Avoidance of post-operative stagnation is equally 
important : early sitting up, deep breathing, and bed exercises will do 
a great deal in this direction. The blood stream can be accelerated by 
judicious administration of thyroid extract. Attention has recently 
been drawn to the value of a high protein diet, especially in patients 
with a personal or family history of phlebitis. Thrombophlebitis in 
varicose veins may be prevented by controlling venous stasis with 
exercise and elastic support. 

The treatment of established thrombophlebitis is carried out mainly 
along conservative lines. In general, it consists of absolute rest of the 
limb, elevation, and an ample cotton-wool dressing, with a cradle to 
keep the limb warm and protect it from injury. For phlebitis below the 
knee, firm support with elastoplast bandages undoubtedly shortens the 
course of the disease and diminishes the tendency to upward spread. 
The duration of the rest period varies with the vein involved, but in 
general it should continue until all constitutional and local si<ms of 
i nflamma tion have completely disappeared. 

Constitutional measures are of doubtful value, apart perhaps from 
thyroid therapy, which appears to have a definite influence in limiting 
the spread of post-operative thrombosis. It is quite usual to give large 
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doses of citrate, but it has recently been suggested that in vivo citrate 
increases instead of diminishes the coagulability of venous blood. 
Therecanbe nodoubt, however, that coagulability is lowered by hirudin, 
and, based on this fact, the leech treatment of phlebitis has recently 
been revived. Used carefully, this does seem to relieve pain and oedema, 
but it is doubtful if it exerts any lasting effect on the lesion. 

Operative treatment is indicated as a life-saving measure in acute 
pyogenic thrombophlebitis , its object being to avert pycemia and metas- 
tatic embolism. It is usually wise to remove or drain the infecting 
focus, e.g. the appendix in pylephlebitis, or the mastoid in lateral sinus 
thrombosis ; but there is one region where active surgical intervention 
is to be strongly deprecated, and that is the territory drained by the 
cavernous sinus. This particularly applies to infections of the upper lip, 
in which muscular activity, and the inability of the veins to collapse, 
make an ascending thrombophlebitis, with extension to the cavernous 
sinus, particularly likely. The writer has seen four fatal cases of cavern- 
ous sinus thrombosis result from septic lesions of the upper lip which 
were treated by free incision and drainage. 

Proximal ligature of the vein, well to the cardiac side of the throm- 
bus, is a valuable procedure in some cases, and has been in use since 
the middle of the last century. It has been practised on the following 
veins: jugular, angular (facial), femoral, axillary, mesenteric, iliac 
and ovarian. Although occasionally performed for non-suppurative 
thrombosis of both superficial and deep veins, we feel strongly that it 
should be reserved for cases of suppurative thrombophlebitis, its sole 
object being to prevent pysemia and septic embolism. The value of 
ligature and drainage of the internal jugular vein in the neck for lateral 
sinus thrombosis is beyond dispute, and there can be no doubt that 
suppurative thrombophlebitis in the limbs should also be treated by 
proximal ligature, with free opening of the vein and turning out of the 
infected clot. Ligature of the angular vein, with the object of protecting 
the cavernous sinus in infections of the face, is of more doubtful useful- 
ness, but it is certainly worth trying. The same applies to ligature of 
the portal and mesenteric veins, although here the chief difficulty 
lies in getting above the pus. The writer has had no experience of 
proximal ligature for puerperal pelvic thrombosis, but the procedure has 
been recommended for cases which have recovered from the acute 
stage ; best results are said to be obtained when both ovarian and both 
internal iliac veins have been ligated. 

Quite recently, Xeuhof advised complete excision of accessible 
veins which are the site of septic thrombophlebitis, on the ground that 
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pro xima l ligation is a temporising method, and that complete eradica- 
tion of the infected vein gives the best hope of avoiding pyaemia or 
septicaemia, and of saving life when these blood infections have become 
established. 

SOME SPECIAL TYPES OF THROMBOPHLEBITIS 

Traumatic Thrombophlebitis of Axillary Vein. 

First recognised some fifty years ago, this condition has attracted 
considerable interest recently. Although there may be a predisposing 
cause, such as essential or familial thrombophilia, there can be no 
doubt that the condition is traumatic in origin. As already mentioned, 
weight-lifting or downward snatching of heavy objects are types of 
causative muscular trauma, but in some cases quite trivial muscular 
effort seems to be responsible. It has been suggested that the pull of 
the subclavius, with the arm in abduction, may rupture a valve or 
damage the intima, and that endophlebitis and thrombosis result. 
The writer recently saw a case in which there was no history of preceding 
trauma. 

The right arm is affected almost exclusively, and the attack usually 
starts quite suddenly with pain aud complete disability, immediately 
or shortly after a muscular effort. Swelling and cyanosis of the arm 
follow, although in some cases there is pallor. The swelling is firm 
and spreads to the whole limb. Sometimes a tender solid cord may be 
palpated in the axilla, but there is no fever or signs of inflammation. 

The duration of the attack is usually a few weeks, but recurrence is 
not uncommon and persistent oedema may be the ultimate result. The 
treatment consists of rest, elevation, and proper support with an elasto- 
plast bandage from the hand to the axilla. Should the condition persist 
or recur, Matas advises exploration of the axillary vein and resec- 
tion of the thrombosed segment ; he attributes the good results to 
vasodilatation of the vein produced by removal of the sympathetic 
plexus around the resected segment. 

Deep Thrombophlebitis of Leg. 

Femoral thrombophlebitis has been dealt with in some detail already 
{see Vol. I, page 1256). It is encountered as a post-operative com- 
plication, in puer petal infections, following specific fevers, and as an 
ascending ihrotnbosis from the deep or superficial veins of the leg. The 
left side is more commonly affected, because venous stasis is favoured 
by the fact that the left iliac vein is crossed by the right iliac artery, 
and also because the left iliac vein is covered by the sigmoid colon. 
Although usually of infective origin, femoral thrombosis is mostly non- 
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suppurative. Diagnosis is rarely difficult, and treatment is conducted 
along the lines given on page 4002. 

Thrombophlebitis of the tibial veins is treated in a similar way, but 
upward extension may be stopped by firmly bandaging the limb from the 
toes to the groin with elastoplast. Provided this precautionary measure 
has been successful, the patient may be allowed to get about after two 
or three weeks, but the elastoplast should be continued whilst any 
swelling remains. 

Superficial Phlebitis of Leg. 

This is mostly seen in varicose veins, particularly in the long saphenous, 
and there can be little doubt that some cases can be attributed to 
injection treatment, the sclerosing agent lighting up dormant bacterial 
infection. According to Dickson Wright, the condition is sometimes 
due to focal sepsis, and he discriminates between a mild or localised 
type and an ascending type. Diagnosis is easily made. There is little 
general reaction, and the local signs (pain, tenderness and redness) 
are usually quite obvious ; the thrombosed veins can be felt as tender 
cords. There is little oedema unless the deep veins are involved as well, 
which is an unlikely event. 

The treatment is governed by the fact that superficial phlebitis is a 
safe lesion in an ambulant patient, but becomes dangerous when the 
patient stays in bed (Dickson Wright). The affected veins should 
be firmly strapped with elastoplast, under which rubber sponges 
should be applied at the upper end of the thrombi, to prevent 
the clot from slipping upwards. Moderate exercise is encouraged 
from the start. The attack may be expected to subside within a 
fortnight. 

Phlebitis of the external saphenous is more dangerous, as it is more 
likely to spread to the deep veins via its junction with the popliteal vein. 
For this reason, ligature of the vein, just before it pierces the popliteal 
fascia, may be worthy of consideration. 

Thrombophlebitis Migrans. 

Recognised only in the last few years, this condition is of considerable 
interest. Thrombophlebitis occurs in various veins, together or succes- 
sively, but with no obvious relationship. It can be an extremely painful 
condition, and large doses of morphine may be needed to give relief. 
Pulmonary complications sometimes occur from thrombophlebitis of 
small pulmonary veins. No organisms are found, and the condition is 
not unlike Buerger’s thrombo-angeitis obliterans ; indeed, it is some- 
times associated with it. 
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The disease never seems to be fatal, and complete recovery is the 
rule, but some cases seem to drag on for months, or even years. Such 
cases might be greatly benefited by a holiday, or by spa treatment. 
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CHAPTER III 


Injuries and Surgical Diseases of Arteries 
Arterial Injuries 

Arterial injuries vary from a contusion to a complete rupture or 
division. They may be open or subcutaneous. An arterial wound can 
be incomplete or complete, transverse or longitudinal, clean cut or 
lacerated. The injured artery may be small, medium-sized, or large. 
The arterial injury can be associated with fatal haemorrhage, with 
negligible haemorrhage, or with no haemorrhage at all. The injury 
may involve the artery alone, it may implicate the accompanying vein, 
or it may also involve other tissues, such as nerves, tendons, bones, 
joints and viscera. It is thus obvious that it is almost impossible to 
deal with arterial injuries as a single clinical entity. Since the subject 
is described very adequately in elementary surgical text-books, it will 
not here be necessary to do more than remind the reader of certain 
fundamental principles, and to deal with those aspects of patho- 
logy and treatment which are properly discussed in an advanced 
text-book. 

A contusion of an artery is of little consequence in the absence of 
arterial disease, as a healthy elastic vessel will slip out of the way, 
or simply alter its shape before a causative violence. An artery 
which is the seat of thrombo-angeitis or arteriosclerosis, however, 
is likely to he damaged, with the result that a thrombosis is initiated ; 
even slight injuries may have this effect on a severely diseased 
vessel. 

A clean-cut transverse icound of an artery of some size is associated 
with alarming haemorrhage (fig. 2195). The bleeding is often worse if 
such a wound is incomplete , since the retraction of the elastic tissue 
and the contraction of the arterial muscle pull the wound open. With 
a complete transverse division the intiina and media are at least able to 
contract and retract within the adventitia, and by markedly narrowing 
the lumen and providing rough surfaces give a chance for clotting to 
occur. In smaller arteries this natural process may result in early 
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arre*t of the hemorrhage, but in larger vessels the force of the arterial 
str eam is too great to be stopped by it. W hen an artery is divided 
near its origin from a larger trank, it bleeds with the force of the blood- 
pressure in the main vessel. 

A wound in the long arts of an artery gapes but Little and only slight 
bleeding mav occur. The result of a punctured tcouiul of an artery 
depends on the nature of the penetrating body. A stab wound, e.g. 
with a penknife or a glass splinter, causes extravasation and an arterial 
hsematoma. with or without external evidence of bleeding ; the skin 
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wound may be valvular, or become closed by clot or by shifting of 
tissue planes. If hemorrhage ceases, the arterial wound may heal and 
the integrity of the artery be restored, but the scar is likely to yield 
later and produce a traumatic aneurysm. The same kind of thing may 
happen when an artery is injured by a modem bullet or by shell 
fragments, the resulting aneurysm being frequently of the traumatic 
arterial or arterio-venous type. 

A lacerated rupture of an artery, such as occurs in a severe lacerated 
wound, or when a portion of the vessel is torn off, or the limb is avulsed, 
may be associated with comparatively little bleeding, even when the 
artery is of some size. The reason for this is that the iutirna and media 
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tear at a higher level than the adventitia, retracting some distance, and 
that the periarterial tissues close up over them. An intense reflex vaso- 
constriction also occurs in the torn artery, and chemical bodies are set 
free which favour clotting. These factors constitute a very efficient 
haemostatic mechanism. Thus, the writer has seen the common femoral 
torn across in a hoy who was impaled on some railings, with negligible 
bleeding, and with such marked retraction of the ends that they were 
well over an inch apart. 

A subcutaneous rupture of an artery is caused by blows, severe 
traction, or by an injur)' causing a fracture or dislocation. Only the 
intirna and media may give way, retracting within the adventitia for 
a considerable distance (fig. 2190) ; such a partial rupture will be 
followed by thrombosis and occlusion of the vessel. When only one 
side of the arterial wall is injured, the thrombosis may be limited to the 
injured part, and the lumen reconstituted by a growth of endothelium 
over the organised thrombus ; this type of injury is likely to be followed 
by a traumatic, sacculated or dissecting aneurysm. A complete 
subcutaneous rupture of an artery of some size is always followed by 
extravasation of blood. When this rupture occurs within a body cavity, 
such as the pleura, peritoneum, or a hollow viscus, concealed or internal 
hcetnorrhagc occurs and may prove fatal. Rupture of more superficial 
arteries leads to the formation of an arterial hannaloma , which is a 
rapidly enlarging swelling on the line of an artery, and showing an 
expansile pulsation. Such a haematoma soon compresses the neigh- 
bouring veins and the collateral arteries, thus endangering the vitality 
of the tissues of the part, and perhaps terminating in gangrene. The 
haematoma may rupture or suppurate , in either case possibly leading to 
a fatal result ; not infrequently it becomes circumscribed, and if the 
artery is not completely occluded, a traumatic aneurysm may be the 
outcome. 

Treatment. 

The first step in the treatment of a wounded or ruptured artery is 
temporary arrest oj 'haemorrhage. The general principles may be summarised 
here : Direct digital pressure is applied to the source of bleeding, while 
the surgeon decides what method to employ for the temporary proximal 
compression of the artery. In the head and neck, and in the more prox- 
imal parts of the limbs (axilla and groin), the best procedure is manual 
or digital compression of the arterial trunk against a bony structure, 
c.g. the sixth cervical transverse process for the carotid, the first rib 
for the subclavian, etc. This proximal compression is given over to an 
assistant, while the surgeon prepares to deal witli the arterial injury 



4010 


POST-GRADUATE SURGERY 


itself. In tlie free parts of tlie limbs the simplest and most efficient 
a (rent of temporary arrest is a tourniquet, but it is very important that 
this should not be kept on for more than a very short period (half an 
hour at most), unless amputation is unavoidable ; if continued for longer 
periods it may cause serious damage by shutting off collateral vessels, 
with an increased risk of gangrene when a main artery has to be 
ligated. 

In the actual treatment of the arterial wound the first step is exposure 
of the wounded vessel. An adequate and well-planned incision, a sound 
knowledge of anatomy, efficient lighting, absolute asepsis, and a non- 
mutilating approach are essential. With a subcutaneous rupture all 
clots must be turned out and the region thoroughly cleansed before the 
arterial wound is sought for ; in an open or penetrating wound there 
may also be a considerable extravasation into the tissues, which will 
have to be dealt with in the same way. 

The second step is permanent arrest of haemorrhage and treatment 
of the wounded artery. For this purpose two procedures are available, 
arterial suture and ligature. Arterial suture is, of course, the ideal 
procedure, and should be employed, whenever possible, in wounding of 
a large or important artery, such as the common carotid, external 
iliac, femoral or popliteal. Modem methods have made suture a 
practical and frequently successful operation. It is particularly suitable 
for longitudinal and transverse wounds which do not completely divide 
the artery (lateral suture), but under favourable conditions can also 
be employed for a complete rupture or division of a large artery (eiul- 
to-eml anastomosis). The technique of arterial suture is given in a later 
part of this section (see page 40S3). 

Although an ideal procedure, arterial suture can only be undertaken 
by aw expert surgeon , and is only applicable in special cases. The large 
majority of arterial wounds and ruptures have still to be treated by 
ligature. This is definitely indicated in injuries of smaller and relatively 
unimportant vessels, and will have to be resorted to in large arteries 
when suture cannot be effected, or when this fails. Ligature must be 
performed at the actual site of the arterial injury ; proximal ligation 
often fails to arrest bleeding, owing to the presence of collateral branches 
between the ligature and the wound. When an artery is not completely 
divided, the vessel must be ligated above and below the injured segment, 
and the division completed by the surgeon, so that the two ends can 
retract. In a complete division or rupture, both ends must be found and 
ligatured, as serious hamorrhage may occur from the distal end when 
the collateral circulation becomes established. The upper eud of the 
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artery is found with little difficulty, its pulsations acting as a guide, 
but the distal end may need a good deal of searching for. Having 
dealt with the injured artery, the surgeon should carefully search for 
injuries of other vessels, or of neighbouring structures, such as nerves 
and tendons. After ligature of an important vessel a careful watch 
must be kept on the circulation in the tissues it supplies, and every 
possible care taken to avoid such complications as ischaemic myositis, 
gangrene, and secondary haemorrhage. 

For details and technique of arterial ligature the reader is 
referred to page 4085. 


Arterial Thrombosis 

Thrombosis rarely occurs in a healthy and unin jured artery. Attention 
has recently been drawn to the occurrence of a cyclic thrombosis in 
apparently quite healthy arteries and veins, which is due to au 
unexplained periodic increase of the coagulability of the plasma. The 
disease has been called essential thrombophilia, but so far as we know 
at present it is extremely rare. 

Ordinarily, thrombosis in an artery is either primary or secondary. 
Secondary thrombosis occurs in a vessel already occluded by an embolus, 
which is usually a piece of blood clot brought from a more proximal part 
of the circulation ; the occluded vessel may or may not be diseased, but 
the thrombosis occurring locally is merely a process of clotting spread- 
ing from the embolus. Such thrombosis may extend both proximally 
and distally, and may involve collateral branches of the occluded artery. 
Primary thrombosis is essentially caused by injury or disease of the 
intima of an artery which has implicated the endothelial layer. Arterial 
occlusion, whether by ligature, vasospasm or disease, will not of itself 
cause thrombosis, if the intimal endothelium remains intact. Injuries 
act by producing rupture of the intima, and thrombosis is likely to 
result whether sucli rupture be partial or complete. Arterial disease 
(arteritis, thrombo-angeitis, or arteriosclerosis) causes thrombosis by 
ulceration or roughening of the intima. 

In the presence of intimal damage, thrombosis is further predisposed 
to by infection (local or general), by slowing of the blood stream, and 
by increased viscosity or coagulability of the blood. In the limbs, 
these predisposing and actual causes of thrombosis are usually supplied 
by local arterial disease, but thrombosis of other arteries is sometimes 
attributable to systemic causes, such as protein shock, acute infective 
diseases and polycythannia. 
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Arterial thrombosis is an important factor in the aetiology of necrosis 
and gangrene. Extensive disease may be present in the arteries of an 
extremity without seriously impairing its vitality, but the occurrence 
of thrombosis, either in the main artery or in its branches, is a common 
cause of failure of the local circulation, which terminates in gangrene. 
It must be pointed out, however, that thrombosis in a main artery will 
not result in gangrene, if the collateral circulation is normal ; but if 
the thrombosis spreads into the collateral channels, or if these are 
obstructed by spasm or organic disease, then the vitality of the limb is 
immediately threatened. 

The diagnosis and treatment of arterial thrombosis will be sufficiently 
dealt with in the articles on thrombo-angeitis (see page 4037), arterio- 
sclerosis (see page 4043), and embolism (see below). 


Arterial Embolism 

The increasing success of the operation of embolectomy, which was 
first tried quite early in this century, has had the result of placing arterial 
embolism in the forefront of emergency suigery. The dramatic nature 
of its onset, the seriousness of its results, and the difference every hour 
makes to the success of surgical intervention, combine to invest the 
lesion with special interest to the adventurous mind of the modem 
surgeon. It is true that the opportunity to perform an embolectomy 
does not often come one’s way, but it seems likely that more chances 
will occur when we convince physicians and general practitioners 
of the importance of timely diagnosis, and of the benefits of early 
operation. 

Pulmonary embolism is not included in this article, as it has already 
received attention (see Yol. II, page 21 Go). 

Pathology. 

An embolus which lodges in an artery comes from the left side of the 
heart in more than 60 per cent of cases. Mostly it is a piece of organ- 
ised blood clot detached from a diseased mitral valve, less often from 
a collection of ante-mortem clot in the left auricle. The heart may be 
the seat of malignant endocarditis, or of a simple endocarditis ; auricular 
fibrillation not infrequently precedes the detachment of emboli. Occa- 
sionally the emboli come from septic foci in the long, or from clot 
adhering to atheromatous ulcers in the aorta. In the rare cases of 
patent foramen ovale the emboli may be derived from the right side 
of the heart, or even from the systemic veins. Whatever their origin, 
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emboli are often multiple. A few months ago the writer saw a woman 
with embolism of the main arteries of all four limbs, with spontaneous 
recovery in one arm, Volkmann’s ischaemic contracture in the other, 
and gangrene of both legs ; the source of the emboli was a malignant 
endocarditis with marked fibrillation. 

An embolus is carried by the blood stream until it reaches an 
arterial segment narrow enough to arrest its course. This site is usually 
one where a large or largish artery suddenly diminishes in size, and is 
frequently at or near a bifurcation ; in the latter instance the embolus 
may not be quite large enough to obstruct the artery at once, but it may 
bearrested by saddling over the bifurcation, and subsequently completely 
block the artery by accretion of thrombosis. The most common sites 
of arrest, apart from the pulmonary artery, are the bifurcation of the 
common femoral, where the femoral pierces the adductor magnus, the 



bifurcation of the popliteal, and the bifurcation of the external iliac, the 
axillary artery where the subscapular branch is given off, and the bifur- 
cation of the brachial. It must be noted that an embolus need not block 
an artery completely to cause total occlusion ; the irritation produced 
by its presence excites a powerful vasoconstrictor reaction which con- 
verts a partial into a complete block for a sufficient period to enable 
secondary thrombosis to make it permanent. 

The importance of secondary or propagating thrombosis following 
embolism is obvious. An embolus is associated with a much higher 
incidence of gangrene than a ligature of the vessel at the same point. 
In part tills may be explained by coincident disease of the arterial tree, 
or by a depressed condition of the circulation as a whole, but unques- 
tionably the chief reason is a peripheral spread of thrombosis down the 
artery and its branches, and particularly along the collaterals. Such a 
propagating thrombosis may completely occlude the territory of even 
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the most richly anastomo sing artery, and not infrequently occurs with 
astonishing rapidity. Thus, some years ago the writer was able to 
show that the real cause of intestinal gangrene in embolism of the 
mesenteric arteries was not the embolus itself, but a secondary throm- 
bosis propagated from it, and spreading widely and rapidly into the 
collateral vessels of the mesenteric arcades, as far as the vasa recta them- 
selves (fig. 2198). This rapid spread of secondary thrombosis constitutes 
perhaps the strongest argument for prompt surgical intervention if the 
effects of arterial embolism are to be aborted. Fortunately, there 
appears to be an interval of a few hours before secondary thrombosis 
starts. Another factor deleterious to local vitality is a reflex vaso- 
constriction of the collateral vessels produced by sympathetic irritation 
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of the arterial segment blocked by the embolus. According to Leriche 
this peripheral vasoconstriction seriously embarrasses the collateral 
circulation and may continue after einbolectomy ; to meet this danger, 
he suggests resection of the blocked segment of the artery (arteriec- 
tomy). This suggestion has recently been supported by Cosset, 
Bertrand and Patel. 

Finally, it should be mentioned that small emboli may be detached 
from a main embolus in a proximal part of an artery, and move down to 
a lower level, or to one or more branches ; such an occurrence may 
nullify the result of an einbolectomy which removes the main embolus 
only. Furthermore, “ showers *’ of minute emboli (e.g. from the lungs) 
may block a group of terminal vessels, and thus give a false clinical 
picture of main artery embolism. 
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Clinical Features. 

It is important to remember that arterial embolism does not occur in 
a previously healthy patient. The majority are already suffering from 
obvious heart disease, many are seriously ill with malignant endocarditis, 
and some are in a state of auricular fibrillation. The discovery of a 
possible source for emboli is of great assistance in diagnosis. 

The actual embolism is heralded by a sudden attach of very severe 
crarap-like pain in the affected limb. The pain is most marked along the 
course of the obstructed artery, but unfortunately it is always distal to 
the actual block, and is therefore not of much value in localising the 
exact site of embolism. The pain persists, although it may become less 
severe after a few hours. The pain is rapidly followed by blanching , 
most marked at the end of the limb, and increasing to a dead white 
pallor, and the patient may complain of tingling sensations. The pallid 
portion feels cold to the patient, and is actually cold to the touch. 
Quite soon anccsthesia occurs, producing a sensation of numbness to 
the patient, and this is accompanied by progressive loss of power, of 
muscular contraction, and of other functions. From the onset there is 
complete loss of pulsation in the arteries beyond the embolus, a sign of 
the greatest possible importance both in diagnosis and in localisation. 

The subsequent course depends on the size of the vessel obstructed, 
and on the condition of the collateral vessels. The stage of intense 
pallor is usually followed by one of patchy cyanosis, which may or may 
not pass on to gangrene. Gangrene is much more likely to follow 
embolism of the lower limb than of the upper. With blockage of the 
brachial, and even of the axillary artery, there is more than a 50 per 
cent chance of recovery of the circulation without embolectomy ; but, 
although gangrene may be averted, other ischasmic manifestations may 
result, such as permanent loss of power, wasting of muscles, and 
ischcemic contractures. In the lower limb, gangrene is extremely likely 
to result from embolism of the external iliac, common femoral, and 
upper part of the popliteal arteries, although the area which becomes 
gangrenous is usually considerably smaller than the total area supplied 
by the occluded artery. Embolism at the bifurcation of the popliteal 
artery or in the arteries of the leg is not likely to be followed by gangrene. 
Diagnosis. 

The diagnosis of arterial embolism is not difficult if its possibility 
is borne in mind. The sudden onset, the extremely severe and persis- 
tent pain, the loss of the pulse, followed rapidly by blanching, with 
sensations of tingling and numbness, constitute a very typical clinical 
picture, and when tliis occurs in a patient with a cardiac lesion, 
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especially a malignant endocarditis with fibrillation, there can be no 

room for doubt. 

Many limbs can be saved by timely embolectomy. and an early 
diagnosis is therefore of the utmost importance. The brilliant results 
obtained by Swedish surgeons are largely due to the fact that physi- 
cians in that country are aware of the benefits of early operation, and 
are thus on the look-out for the occurrence of embolism. Similar results 
would be obtained in other countries if general practitioners were 
taught the importance of early diagnosis of embolism, and the benefits 
likely to be denved from timely surgical assistance. A good deal of 
suitable material might also be obtained if cardiac out-patients of 
hospitals were warned to report immediately symptoms and signs 
suggestive of embolism presented themselves. 

Treatment. 

The timely removal of an embolus from a large artery greatly in- 
creases the chance of survival of the limb, and therefore tends to 
prolong the life of the patient. It must be admitted that a large 
proportion of patients are already doomed by the concomitant cardiac 
lesion, but there is no reason why they should not be spared the horror 
of a gangrenous limb. Thus in 1933, Zierold published II cases of 
embolectomy, 9 of which were for lower limb emboli, with 8 recoveries 
of the circulation, but only 3 ultimate survivals of the patient. 

Embolectomy was first successfully performed by Labey in 1911. 
In 1929, Key collected 21G cases, while in 1933, Danzis reviewed 129 
cases in the literature between 1922 and 1932. All authorities agree on 
the importance of the time factor. Of 134 cases (reported by Key) 
in whom the operation was performed within 10 hours, 4G (34 per cent) 
were permanent cures, while 23 (17 per cent) died from the causa- 
tive cardiac or vascular disease, but recovered their local circulation ; 
this gives over 30 per cent of successful results from the embolectomy. 

The earlier the operation, the letter the outlook, for, with every hour 
that the embolus is left, progressive detrimental changes occur in the 
blocked part of the artery and in the vessels peripheral to it. Local!}*, 
the embolus becomes adherent to the arterial wall, in which degenerative 
processes and ulceration occur. The distal effects have already been 
mentioned, and are vasoconstriction and projiayating thrombosis. The 
ideal time for operation is within tiro or three hours after the embol- 
ism, but up to six hours the outlook is definitely hopeful, as there is a 
delay of a few hours between the embolism and the occurrence of 
secondary changes in the artery and its branches, After twelve boms 
the prognosis is definitely poor, and after twenty-four hours the 
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operation is hardly worth doing, and gangrene is often already present ; it 
should be mentioned, however, that Zierold reports two cases of success- 
ful result after 36 and 72 hours respectively. 

Embolectomy is indicated with particular force in lower limb 
embolism, and in embolism of large arteries. It is unnecessary in 
blockage below the bifurcation of the brachial and popliteal arteries. 
In such cases, as well as in cases of high embolism which arrive too late 
for operation, the treatment has to be expectant (see section on 
Degenerative Arteritis, page 4043). 

Localisation. 

Apart from the avoidance of delay, accurate localisation of the site of 
embolism is the most important pre-operative factor of success. In 
most cases the embolus can be localised by a careful clinical examina- 
tion, provided the clinician has a good knowledge of anatomy. The 
site of the first pain and the upper limit of pallor are of indirect value, 
inasmuch as they indicate that the embolism is at a higher level, but 
as the actual distance between the embolus and the ischaemic area is 
variable (depending mainly on the efficiency of the collateral circula- 
tion), the information obtained by this means is not sufficiently accurate. 
Of greater localising value is the examination of the arteries themselves, 
and particularly of their pulse. In an artery which is accessible to the 
fingers, e.g. the common femoral, axillary or brachial, one may be able to 
determine the exact point at which the pulse ceases, and sometimes even 
to feel the actual embolus as a longitudinal cord with .a non-expansile 
transmitted pulsation. In deeper and, therefore/ non-accessible 
arteries, information can still be obtained by examining the pulses, but 
it is less direct. Thus, if the pulse can be felt in the common femoral in 
Scarpa’s triangle, but is absent in the popliteal, the probability is that 
the embolus blocks the bifurcation of the femoral. 

When doubt still exists after a thorough clinical examination, 
localisation can be obtained by arteriography , but if this is not available 
the operation will be exploratory in the first place. The artery is exposed 
where there is most likelihood of the embolus being present ; but if no 
embolus is found and the artery pulsates, a second incision is made lower 
down ; when the artery does not pulsate and is empty, the second 
incision is made more proximally. 

Arteriography. 

By injecting a radio-opaque substance into an artery, it is possible 
by means of X-ray examination to localise an embolus with certainty. 
Arteriography lias been employed in the investigation of cases of 
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arteriosclerosis, tlirombo-angeitis, aneurysm, and arterio-venous fistula ; 
it has also proved of some value in determining the condition of the 
collateral circulation in threatened gangrene from vascular disease. 

The choice of a suitable and harmless radio-opaque solution has 
been a matter of considerable concern. Satisfactory' visualisation of 
the arteries was first obtained by arterial injections of sodium iodide and 
iodised oils. Sodium iodide has proved 
too dangerous, as it damages the vessel 
wall and may cause gangrene ; more- 
over it is painful and has been known 
to result in fatal poisoning. In 1930, 
Saito published 130 cases of success- 
ful injections with iodised oil, but this 
method is also dangerous owing to the 
possibility of oil embolism. The pre- 
paration in widest use to-day' is 
thorotrast. a stable solution of thorium 
dioxide. It is injected on the X-ray 
fable through an ordinary vein- 
puncture needle, under local anaes- 
thesia ; the artery proximal to the 
puncture is obliterated with a blood- 
pressure cuff, or the finger, as soon as 
it is certain that the needle is in the 
vessel, and 15 to 25 cc. of the solution 
injected. The skiagram is taken 
after three seconds, by which time 
the solution is distributed throughout 
the territory of the injected artery. 
In 1935, Veal and JIcFetridge re- 
ported on the results obtained by' 
r,j »i99 — no»x4l iKTurciAx. thorotrast injections in 200 cases; 

they claim that the solution is both 
painless and harmless, and that veiy valuable information can be 
obtained in cases of both threatened and actual gangrene, particularly' 
in deter minin g the best level for amputation. Thorotrast has also 
been widely* employed in France, and in 1935 Leriche reported 
most favourably r on it after extensive experience. The only draw- 
back is that thorotrast is a mildly radio-active substance, and that 
it remains fixed in the tissues. Thus far no harmful consequences appear 
to have resulted, but the future will decide if any delayed effects occur. 
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Technique of Emboledomy (figs. 12200, 2201 and 2202). 

Owing to the diseased condition of the cardio-vascular system, 
general anaesthesia must be avoided. Local ancesthesia should be pre- 
ferred to spinal as the patient’s sensations help in assessing the result 
of the operation. The blocked artery is exposed by a free incision, 
when it will be noticed that above the embolus the vessel is round and 
distended, with an expansile pulsation, while just below this part the 
firm mass of the embolus can be felt with ease. The wound is now flushed 
with sodium citrate solution, which is also used to moisten all instru- 
ments and swabs, and the adventitia round the blocked part of the 



Fig. 2200 — Embolectojut Stage I. 
( Modified from II E. Ptarte.) 


Fig. 2201. — Esibolxctoju. Stage II. 
{Mod, Jitd from //. E. Pcant .) 


artery is picked up and carefully dissected away ; this latter procedure 
assures that tags of adventitia will not be drawn in during suture and 
cause thrombosis ; it is also virtually a periarterial sympathectomy, 
and may thus assist by abolishing local and peripheral vasospasm. 

The artery is now temporarily occluded above the block by an 
assistant’s fingers, or with non-crushing artery clamps, and opened by a 
longitudinal incision, preferably a little proximal to the clot. The em- 
bolus is then persuaded to extrude by gentle compression with the 
fingers, the artery being held open with fine traction sutures passed 
through its outer coats only. As soon as the block is removed some 
bleeding should occur from the distal end of the artery ; if this does not 
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happen, then there arc thrombi lower down, perhaps produced by pro- 
pagating thrombosis. Such thrombi may occasionally be teased out with 
forceps, or removed by making a second incision in the artery some dis- 
tance distally and irrigating the artery with citrate solution (fig. 2203). 

As soon as blood starts to flow from the lower end of the artery, this 
is controlled by pressure or a clamp and the artery released proximal 
to the incision, and allowed to bleed for a moment, to wash out any 
proximal clot. The bleeding is then arrested again, and the artery 
and wound once more irrigated with citrate. The artery is now ready 
for suture, which is carried out along the lines indicated on page 4083. 
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If the exposed artery is empty, or completely solid with secondary 
thrombosis, whenever possible it should be exposed and opened by a 
second and more proximal incision. Where this cannot be done (e.g. 
the whole common femoral is empty or thrombosed), an attempt may 
be made to break up the embolus by passing a ureteric catheter up the 
artery, in the hope that a flow of blood will occur and wash it down. 
In embolism of the external or common iliac, the following procedure 
is sometimes successful : under spinal anesthesia, the common femoral 
is opened below Poupart's ligament, while through an incision above 
the ligament the peritoneum is pushed out of the way, and the iliac 
vessel milked down in the hope of dislodging the clot. 

Arteriedomy. 

In 1933 Cosset and his associates, supported by Leriche, sug- 
gested that in certain cases extirpation of the thrombosed artery is 
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a more rational procedure than embolectomy. The advantages they 
allege are : (a) it- is an easier operation, (6) there is no danger of damag- 
ing the intima and thus favouring subsequent thrombosis, and (c) it gives 
complete relief to the peripheral vasoconstriction, which is an important 
cause of inadequate collateral circulation. Other writers have recom- 
mended a local arteriectomy, limited to resection of the short segment 
of the artery in contact with the embolus, followed by end-to-end 
anastomosis {see page 4084). This has the advantage of removing the 
damaged part of the artery (where post-operative thrombosis is most 
likely to start), and at the same time of abolishing peripheral vaso- 
constriction, without depriving the limb of its main vessel or disturbing 
useful collateral arteries. 


Vasospastic Diseases of Arteries 

INTRODUCTION 

In this section will be considered certain arterial conditions in which 
vasospasm plays a predominant part. The vasomotor control of blood- 
vessels is perhaps the main function of the sympathetic nervous system, 
although there is recent evidence that other factors enter into this 
control. Since the sympathetic system has been dealt with in a previous 
section of this work (see Vol. II. page 3099), it would be redundant 
here to embark upon a detailed discussion of the physiology of sym- 
pathetic activity, of methods of experimental and clinical investigation, 
or of the operations on the sympathetic devised to deal with vaso- 
spastic disorders. We shall, therefore, limit ourselves to a considera- 
tion of these disorders as arterial rather than as sympathetic lesions, 
and to a critical discussion of their surgical treatment, and of the 
results obtained therefrom. 

The enormous interest attracted to the sympathetic system of 
recent years has somewhat obscured the fact that vasospastic disorders 
affect the arteries as well as their nerve supply. The experience of the 
past few years, however, is producing a more balanced outlook. Sym- 
pathectomy, even when wisely and widely performed, often gives only 
partial or temporarily complete relief, and sometimes leaves the patient 
no better, or perhaps even worse than before. For this and other 
reasons, attention is turning to other aspects of a problem which is 
proving more complicated than our early enthusiasm permitted us to 
think. 

Of the essential nature of pathological vasospasm we know very 
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little. It can be produced by sympathetic stimulation of vasoconstrictor 
type ; but it can also occur in a vessel which has been completely 
denervated, when it is either the result of a local tissue stimulus 
(e.g. cold), or of the action of “ sympathomimetic ’’ hormones reaching 
the arterial muscle via its blood supply. Why the abnormal sympathetic 
stimulation occurs, or why the local or blood-borne chemical stimulus 
takes place, is not clear. One thing, however, appears certain, and this 
is that vasospasm is not a separate entity, but occurs in numerous 
conditions, and is intimately associated with organic occlusive changes 
in the vessel walls. At present it would appear that the organic changes 
follow the functional spasm, and are caused by it, but the future may 
show that both are produced by the operation of a third factor, as yet 
unknown. 

There arc three common disorders of peripheral arteries, viz. 
degenerative diseases (arteriosclerosis, atheroma, etc.), thrombo- 
angeitis (Buerger’s disease), and a large group of essential vasospastic 
conditions, of which Raynaud’s disease is the most characteristic. 
At present we have no evidence that vasospasm plays any part in 
arteriosclerosis aud allied forms of degenerative arthritis, but it is an 
important and possibly a causal factor in Buerger's disease, while in 
Raynaud's and similar disorders it is the predominant pathological 
event. 

In this section will be considered only those conditions which are 
predominantly vasospastic. Raynaud’s disease itself probably covers 
several distinct lesions, while allied to it are a number of more or less 
definite entities, such as acrocyanosis, erythrocyanosis, hyperhydrosis, 
and erylhromelalgia. Vasospasm may also be a prominent feature in 
spinal cord lesions, especially infantile paralysis, in cervical rib, in 
occlusion of large arteries, and in rheumatoid arthritis. 

A. Essential Arteriolar Vasospasm (Raynaud’s Disease) 

In the report of the Medical Research Council published in 1930 
Lewis and Pickering, who have spent many years of study and 
research on disorders of the peripheral circulation, come to the con- 
clusion that several distinct conditions are described under the heading 
of Raynaud s disease, and express the opinion that this term should 
be abandoned. Although we are bound to agree with this opinion, the 
name is too f.mliar to be dropped easily, but we propose to employ 
the alternative term ** essential arteriolar vasospasm ” and to limit 
it as far as possible to the class of case hitherto known as “ typical ” 
Raynaud’s disease. 
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Pathology. 

This condition is an intermittent vasospasm affecting the digital 
arterioles of the hands, and to a lesser extent the feet, without any 
occlusion of the larger arteries, and in its early stages without recognis- 
able organic changes in, or permanent narrowing of, the peripheral 
vessels. The intensity of this arteriolar spasm was proved by Landis, 
who devised an ingenious method of measuring the capillary pressure 
in the nail-fold ; writing in 1934, he states that under normal conditions 
the capillary pressure is about 40 mm., but during an attack of arteriolar 
spasm it may fall below 7 mm. As a result of this spasm certain colour 
changes occur in the fingers and toes, the physiology of which has 
recently been studied by Lewis and Landis. In the attacks of 
blanching (local syncope) the vasoconstriction is so intense that only 
a slight and intermittent leakage of blood occurs through the arterioles. 
During the earlier cyanotic attacks (local asphyxia) the spasm is less 
intense and more blood gets through the arterioles, while the actual 
colour (degree of cyanosis) depends on the stage of dissociation of 
oxyhemoglobin into reduced haemoglobin. 

For a time Raynaud’s disease apparently remains an essential 
intermittent dysfunction . But repeated attacks of arteriolar spasm in 
time lead to organic changes in the arterioles themselves, and also in 
the tissues they supply. The changes which occur in the digital 
arterioles are those of an obliterating arteritis. Cellular proliferation 
occurs in all the coats of the arterial wall, but particularly in the intima, 
and this is followed by fibrosis aud structural occlusion. The picture 
is very similar to Buerger’s disease, but only the smallest arteries 
and arterioles are affected. Until recently it was thought that these 
organic changes appear relatively late in the course of the disease, hut 
we now know, on the authority of Lewis, that they often occur quite 
early. With the advent of structural changes Raynaud’s disease 
passes from the stage of functional arteriolar spasm to that of organic 
occlusive arteritis. Although intermittent attacks of vasospasm still 
occur , subsequent vasodilatation becomes interfered with, and ultim- 
ately the vasodilator tests (see Vol. II, page 3172) may produce no ap- 
preciable increase of the blood-flow, showing that the arteriolar muscle 
has lost its ability to vasodilate. Among the structures affected at this 
stage are the capillaries. It has recently proved possible to micro- 
photograph the capillaries of the nail-bed, using an oblique beam of 
light ; in advanced Raynaud’s disease they elongate, and become 
tortuous and dilated. The changes which occur in the skin and other 
tissues supplied by the vasospastic, and later fibrotie arterioles, are 
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given in the paragraph on complications ; it may be stated at once, 
however, that the more serious and permanent changes, such as gangrene 
or scleroderma, are never the result of uncomplicated arteriolar spasm, 
but always depend on structural occlusion. 

The actual causation of this condition of essential arteriolar vaso- 
spasm. or Raynaud’s disease, is at present unsettled. Most writers 
still maintain that it is a sympathetic neurosis, resulting in abnormal 
activity of the vasoconstrictor nerves. This explanation was actually 
put forward by Raynaud as long ago as 1862, and there are several 
strong arguments in its favour. Among these are the high incidence 
of the disease in highly strung young women, the initiation of the 
attacks by emotional disturbance as well as by cold, the associated sudo- 
motor activity, and the frequent, if temporary, relief of uncomplicated 
vasospasm given by sufficiently extensive sympathectomy. On the 
other hand, the failure to discover morbid changes in the sympathetic 
ganglia and other nerve centres leaves us without explanation of the 
origin of these vasoconstrictor impulses. Moreover, if the intermittent 
vasospasm is of nervous origin, why should it not involve other peri- 
pheral arteries or arterioles of the affected limbs ? 

In the last few years another view of the essential pathology of 
arteriolar vasospasm has been gaming ground. In 1929 Sir Thomas 
Lewis promulgated the theory that Raynaud’s disease and allied forms 
of vasospasm are not due to disturbances of the sympathetic vasomotor 
coutrol of vessels, but to an increased susceptibility of the arteriolar 
muscle itself to local stimuli, such as cold. This view is based on the 
experimental fact that strictly local vasospastic phenomena can be 
produced by local cooling and that these phenomena can be evoked 
after novocaine nerve block, and in sympathectomised patients. 
\Yb ; Ae this view and these findings have been questioned by J . C. White 
and others, there can be no doubt whatever that vascular tone and 
arteriolar spasm will return after a sympathectomy which has resulted 
in complete denervation of the vessels, and that such vascular tone and 
constrictor ability must be an essential property of the arteriolar 
muscle. In 1934 Smithwick, Freeman and White claimed that 
vasospasm after sympathectomy can be accounted for by the sensitivity 
of denervated arteriolar muscle to adrenalin, and that this sensitivity 
depends on degeneration of post-ganglionic sympathetic fibres. Accord- 
ing to White, the reason for the much greater incidence of residual 
vasospasm after cervico-dorsal ganglioneetomy, as compared with 
lumbar sympathectomy, is that in the former the degeneration of post- 
ganglionic fibres is almost complete, while in the latter sufficient remain 
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to protect the arteriolar muscle against the effect of circulating adrena- 
lin. But more recently (1936) Grant has shown that the chemical 
substance is not necessarily adrenalin, but may be an adrenalin-like 
body, and that this does not come from the suprarenals or from the 
pituitary. 

It seems reasonable to conclude that there are elements of truth in 
both hypotheses, and that the arteriolar muscle can be activated by 
sympathetic impulses, but also by chemical hormones in the circulating 
blood, or by chemical or physical changes excited and produced locally. 
Cannon has already shown that even the sympathetic does not act 
directly on plain muscle, but only through the intermediation of a 
chemical hormone, which he has called Sympathin E ; this is said to be 
liberated between the nerve-endings and the arteriolar muscle as a 
result of vasoconstrictor impulses along the sympathetic nerves. 
Similarly, chemical bodies such as histamine, acetyl choline, and a 
hormone christened the “ H ” substance, are now known to be respon- 
sible for vasodilatation. Adrenalin has long been known as an important 
vasoconstrictor hormone which circulates in the blood, but there is no 
reason why it should be the only one. In fact there is foundation for 
the belief that the adrenalin-like body recently described by Grant 
helps to maintain normal vascular tone, and that its concentration in 
the blood stream may be a determining factor in the causation of ex- 
cessive arteriolar constriction. 

By way of summarising these confusing facts, actual as well as 
hypothetical, the following theory is submitted of the pathogenesis of 
essential vasospasm. Normally, the tone of the arteriolar muscle, 
which is the controlling factor of vascular tone in general, depends on 
the action of chemical hormones, which are either brought to it via 
its blood supply, or manufactured locally. The degree of arteriolar 
tone is governed by the chemical nature of these hormones and by their 
degree of concentration. The circulating hormones may be of endocrine, 
myogenic or even neurogenic origin, while the local hormones arc set 
free by sympathetic nerve impulses, or by local tissue changes excited by 
trauma, local cooling, etc. Some of these hormones are vasoconstrictor 
in action, others produce vasodilatation, and by balanced activity they 
are responsible for the maintenance of general vascular tone and of 
normal vascular reactions, for the conservation and loss of bodily heat, 
and for the adequate protection and blood supply of local tissues. AVe 
suggest that the essential cause of pathological vasospasm lies in an 
inherent unbalanced sensitivity of the plain muscle of certain arterioles 
to vasoconstrictor hormones, or alternatively that there is an inherent 
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tendency to the over-production of such hormones. We prefer the 
former explanation as it corresponds with the local distribution of 
pathological vasoconstriction. Admitting this arteriolar sensitivity, it 
is easy to see that attacks of pathological vasospasm may be excited by 
any factor which increases the supply of vasoconstrictor hormones. 
This factor may be a stimulus along the vasoconstrictor sympathetic 
nerves ; it may be an increased concentration of adrenal, or pituitary, 
or other constrictor hormones in the blood ; or it may be a strictly local 
accumulation of chemical hormones, produced by the action of cold or 
some other local stimulus. In normal people the increased production 
or supply of these vasoconstrictor hormones produces normal vaso- 
constriction, while in people with abnormally sensitive arteriolar muscle 
it causes pathological vasospasm. 

This theory is submitted for what it is worth. At least it bridges over 
the main differences between the “ sympathetic ’’ and “ local ” schools, 
without conflicting with either. The removal of one source of supply of 
constrictor hormones (e.g. by sympathectomy) may abolish pathological 
vasospasm when the sensitivity of arteriolar muscle is only moderately 
increased ; it may produce a temporary improvement even when the 
arteriolar sensitivity is markedly increased ; but it cannot be expected 
to result in permanent cure, or even constant improvement, as the 
arteriolar sensitivity remains untouched, and the remaining sources 
of supply of vasoconstrictor hormones may soon compensate for the 
loss of one of them. We are thus able to account for the inconstant 
results of surgical deuervatiou of the spastic arteries, and to harmonise 
the early improvement and subsequent relapse which are so commonly 
experienced after cervico-dorsal sympathectomies for Raynaud's disease. 
The higher incidence of prolonged relief after lumbar sympathectomy for 
vasospasm of the lower limbs may after all not be due to intact post- 
ganglionic neurones, but to a naturally lower level of increased 
sensitivity of the arteriolar muscle in this region, than in the more 
specialised and exposed extremities of the upper limbs. 

Clinical Features and Course. 

A mild tendency to arteriolar spasm is extremely common and is 
responsible for the ** chilly ” manifestations of otherwise healthy people 
who are said to have a “ poor circulation.” Their fingers become white 
or blue m cold weather, or after a few minutes in the sea. they are always 
warming their hands before the fire, and they are inordinately fond of 
hot-water bottles, bed-socks and thick gloves. Most of these people are 
women, and they are usually young and *’ highly strung.” The pheno- 
mena they present are only an exaggeration of the normal vasocon- 
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strictor response to a cold stimulus, which is always most intense in the 
extremities. The attacks of vasoconstriction can be set into operation 
by stimuli other than cold, e.g. fear or intense emotion. Most of these 
“ chilly ” people lose their tendency to arteriolar spasm with the advent 
of middle age, but some show a progressive increase of vasoconstrictor 
tendencies, and in time become typical examples of Raynaud’s disease. 
Considerable emphasis is laid by White on this sequence of events, 
and he states that the change over from the prodromal “ chilly syn- 
drome ” to the fully fledged stage of Raynaud’s disease sometimes 
follows intense emotional strain. Raynaud’s disease may start at 
puberty, but is most commonly seen in the twenties. The worst cases 
begin young, while milder cases may not emerge from the prodromal 
stage until after thirty. More than nine-tenths of the easels are women, 
most of them of a neurotic or emotional disposition. Arteriolar spasm 
sometimes runs in families. 

A typical established case complains of intermittent attacks of sym- 
metrical vasospasm in the hands, and to a lesser extent the feet, with 
marked reduction of blood-flow in the digits. The attacks are brought 
on by cold, and occasionally by emotional disturbance. The arteriolar 
response to cold occurs below a certain threshold of temperature, which 
varies with the intensity of the disease, but is usually round about 
GO degrees. At first, the attacks subside rapidly when the environ- 
mental temperature is raised above the critical threshold, e.g. going 
into a warm room or immersing the hands in warm water ; but at a 
more advanced stage the vasodilator response is much slower, and may 
be incomplete. 

Tlie attack of arteriolar spasm is manifested clinically by sensations 
of numbness, followed by tingling, and by symmetrical colour changes, 
which are typically phasic. In a mild case the colour change may be 
limited to a cyanosis (local asphyxia), varying in tint from grey to 
purple, mostly affecting the fingers, and fading up the palm ; similar 
changes affect the toes, but are characteristically milder. In advanced 
cases the colour changes are more definitely phasic, and the cyanosis is 
either preceded or followed by attacks of blanching (local syncope). 
This starts at the tips of the fingers, and spreads to their whole length, 
but does not involve the hand and is rarely seen in the toes ; the colour 
readied at the height of the attack is dead white. It is probable that 
by the time attacks of complete local syncope occur there is some 
degree of structural occlusion. The pulse is unaffected, even in peri- 
pheral arteries such as the radial at the wrist, and the anterior and 
posterior tibial at the ankle. Sweating is a common and troublesome 
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symptom which may accompany the vasospastic attacks, but can also 
occur without them, and may even precede them for months. Particu- 
larly annoying are “ attacks ’’ of profuse hyperhydrosis brought on by 
emotion or excitement in young people, but these probably represent a 
clinical entity which is distinct from essential arteriolar spasm (see 
page 4036). 

Further Course and Complications. 

In mild cases the disease may show a spontaneous improvement 
with increasing age. or it may be cured by treatment or by removal to a 
warmer climate. But in more established cases the vasospastic attacks 
become more frequent and severe, occur at higher temperatures, and 
cause considerable disability, especially in cold weather. Moreover, 
further changes occurwhich might be clashed as com plications. Arteriolar 
spasm may affect the nose, ears . aud even the tongue, while renal vaso- 
spasm occasionally occurs and causes an intermittent Jiamoglobinuria. 
Vasoconstriction of the retinal arteries causes attacks of blurring of vision, 
while spasm of cortical arteries is occasionally responsible for transient 
hemiplegia or aphasia. Perhaps the most interesting complications 
are those which affect the skin of the digits. After repeated attacks of 
local syncope, patches of anamic ulceration appear at the finger-tips. 
They heal in warm weather, but repeatedly break down, and after a 
while result in dry gangrene ; this is usually quite superficial, but 
occasionally extends as far as the bone. By this time the disease is well 
past the stage of uncomplicated arteriolar vasospasm, and considerable 
structural changes are present in the arterial walls. In some cases the 
skin atrophies and becomes shiny, while the nails may show various 
degrees of onychia. At this stage the fingers become very susceptible 
to infection, and jxironychial ichitloics are common. In another and 
particularly severe type of the disease marked subcutaneous fibrosis 
occurs, with hardening and fixation of the skin to the underlying fascia 
(scleroderma and sclerodactyly). 

Interesting changes also occur in the bones in chronic cases. The 
usual change is decalcijicalion of the terminal phalanges, probably 
caused by reactionary hypenemia following the syncopal attacks. 
In 1931, \l atson Jones and Roberts drew attention to nodules of calci- 
fication which sometimes develop in and under the skin of the terminal 
phalanges and more proximally. They axe mostly seen in conjunc- 
tion with atrophic skin changes, and are doubtless caused by prolonged 
deficiency of the local blood supply owing to occlusive arteritis. It 
must be observed that there are reasons for believing that some of 
the above conditions are not actually stages in essential arteriolar 
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vasospasm (or “ typical ” Raynaud’s disease), but represent allied vaso- 
spastic lesious as yet imperfectly differentiated from the main group. 
Differential Diagnosis. 

Apart from some of the complications, the above description applies 
to typical cases of Raynaud’s disease. Many cases are encountered, 
however, which are atypical. The writer has seen a case in which 
vasospastic attacks with phasic colour changes occurred mostly on 
warm days, and another in which vasospasm was much more marked in 
the toes than in the fingers (this was not a case of thrombo-angeitis). 
Then there are patients who instead of having intermittent attacks 
suffer from more or less continuous vasospasm, while in others the 
arterial spasm is caused by some extra- vascular organic lesion, such as 
cervical rib, infantile paralysis, or rheumatoid arthritis. Although 
such cases differ from true Raynaud’s disease, they resemble each other 
in so far as their circulatory disturbance is due to vasospasm. Of 
greater importance in the differential diagnosis are circulatory lesions 
caused by organic arterial occlusion. There are cases of arteriosclerosis 
and thrombo-angeitis which in some respects imitate Raynaud’s disease, 
even to the extent of showing symmetrical colour changes in the hands 
and feet. The imitation, however, is never complete, and it is nearly 
always possible to discriminate between them. Organic arterial 
disease shows a different age and sex incidence ; vasospastic pheno- 
mena, when they occur, are more rapid in their onset and do not last 
long ; the peripheral pulse is weak or absent, or the arteries are ob- 
viously sclerosed, and calcification may be shown in skiagrams ; 
muscular pain and actual claudication may occur. Any doubt left 
will usually be dispelled by the various vasodilator tests, although some 
difficulty may even then be found in distinguishing Buerger’s disease or 
arteriosclerosis from late cases of vasospasm, with organic arterial 
changes. 

Treatment. 

The treatment of Raynaud's disease has always been unsatisfactory, 
and the surgical intervention so energetically pursued in the last five or 
six years has not done very much to improve it. Owing to the com- 
parative failure of medical treatment, however, operative measures are 
justified if something more than transient relief can be expected of 
them, and if the course of the disease renders an attempt to arrest it 
desirable, even if such arrest proves partial. 

Medical Treatment. The only really successful remedy is a change to 
a warmer climate, at least during the winter months. This will cure the 
vol. in . — q • 
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mild cases of intermittent spasm, with a low critical temperature 
threshold, whose circulation recovers completely between the attacks. 
For obvious reasons, this measuie is only possible to wealthy patients, 
or to those who can find work in warm countries. Moreover, it will 
give only partial relief to more severe cases, with a high temperature 
threshold, and with commencing organic occlusion. Warm covering 
for the hands and feet in cold weather, and avoidance of unnecessary 
exposure and of emotional disturbances, are prophylactic measures 
suggested by common sense. 

Physiotherapy , in the form of massage, radiant heat and diathermy, 
is of transient benefit, while endocrine therapy , and X-ray treatment 
to the sympathetic ganglia have been tried without much success. 
Vasodilator drugs, such as padutin and carnacton, arc of little value in an 
intermittent condition. Definite temporary improvement, on the other 
hand, has been obtained with /ever therapy (e.g. mixed typhoid vaccine 
at weekly intervals), with dinilrophenol, and with typhoid H antigen , 
all of which produce a marked dilatation of the arterioles, sufficiently 
prolonged to heal digital ulcers ; but the first two are dangerous and 
unpleasant, and they all give only a short period of reb'ef. 

Operative Treatment. Before deciding whether or not to adopt 
operative tieatment, several points must be given careful consideration : 
(1) Are the symptoms, or the degree of disability, sufficiently severe to 
justify an operation ? (2) Is the disease progressive or stationary, or 
are there signs of improvement ? (3) Do the vasodilator tests (sec 
Vol. II, page 3173) indicate that the disorder is in the stage of functional 
arteriolar spasm, or do they show that organic occlusive changes arc 
already present ? (4) What exactly do we hope to obtain as the result of 
surgical intervention ? (5) To what risk, if any, is the patient subjected 
by the operation ? 

We are certainly in a stronger position to-day than we were five years 
ago, inasmuch as the intensive surgical attack indulged in during tin’s 
period has led to the accumulation of valuable knowledge based on 
experience. This knowledge enables us to select the cases most suitable 
for operation, to plan our operative procedures so as to give them the 
optimum chauce of success, and to forecast the immediate and ultimate 
results which are likely to follow. In general, it may be stated that 
operation is contra-indicated in mild cases without serious disability, 
and in cases which show a tendency to become stationary or to improve 
spontaneously. Such patients should be kept under observation and 
be thoroughly re-examined every winter ; vasodilator tests should he 
performed at’regular intervals and complete records kept. In this way 
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we can determine whether the disease is improving, stationary, or pro- 
gressive. Only when it is 'progressive should operation be considered, 
but if performed at all, it should be done at a relatively early stage, 
and while the disease is still mainly a functional vasospasm. We must 
also be quite certain that a correct diagnosis has been made, and that 
such conditions as cervical rib, myxoedema, thrombo-angeitis and 
arteriosclerosis, have been definitely excluded. 

We thus arrive at the conclusion that operation should be con- 
sidered in proved cases of uncomplicated arteriolar spasm in whom the 
disease is definitely progressive. The position is more difficult with 
regard to more advanced cases with commencing organic arteritis. 
Here the operation has a smaller chance of success ; on the other hand, 
the disease is more troublesome, the disability greater, and the need for 
some relief more urgent. Our decision must be guided by the extent 
of disability present, and by the degree of vasodilatation which is still 
possible. When the vasodilator tests have shown that the vessels 
have lost their power to dilate, operation is obviously useless, but when 
they still retain a reasonable proportion of their vasodilator power it 
may yield real benefit, even if this be only in the direction of ameliora- 
ting complications. 

The choice of operative procedure rests between periarterial sympa- 
thectomy, ramisectomy, and ganglionectomy. Periarterial sympathec- 
tomy, although still advocated by Leriche, has been largely abandoned. 
It is a very simple and harmless operation, but is only occasionally 
successful, and then it gives only partial and temporary relief. Why it 
yields even this transient benefit is a mystery, as the peripheral vaso- 
constrictor fibres travel along the somatic nerves and not along the 
main vessels. Ramisectomy was given a fair trial after the failure of 
periarterial sympathectomy. The operation consists of a division of 
the grey rami to the brachial plexus. Some successes followed its use, 
but these were usually either incomplete or temporary. The principles 
of ramisectomy are quite sound, but its technical difficulties are so great 
as to be almost insuperable. The rami are small, difficult to recognise, 
and have no constant plan in their arrangement ; there may be several 
rami to each nerve and, unless every one is divided, partial failure is 
inevitable. Furthermore, the branch from the second thoracic ganglia 
to the brachial plexus was not known at the time that ramisectomy 
was in vogue. Even after a successful ramisection the vasospasm 
returns, usually after some months, probably owing to regeneration of 
the rami. 

Cervico-dorsal ganglionectomy (sec Yol. II, page 3190) is much the most 
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bright spot ia the outlook of the surgery of vasospastic disorders. 
It should encourage further research until, as White states, a 
solution is found to our present difficulties with persistent vasospasm 
in the upper limbs. 

B. Other Vasospastic Disorders 

(1) Acrocyanosis. 

This is a condition very closely allied to Raynaud’s disease, and 
indeed generally regarded as a variety thereof. It is again an essential 
arteriolar spasm, and affects the most peripheral parts, especially the 
hands, nose and ears. Attacks of cyanosis occur in these exposed 
parts, but these attacks tend to be much more prolonged than in true 
Raynaud’s disease ; indeed, in some cases the hands are always cold 
and blue, except when the weather is very warm. With regard to 
treatment, there is nothing to add to what has been stated in the last 
section. 

(2) Erythrocyanosis. 

In a recent article (1936) Telford and Simmons give this abbrevi- 
ated name to the condition hitherto called by the cumbersome title of 
erythrocyanosis crurum puellarum frigidum. It is a common disorder 
which affects young women and girls with stout and florid physique 
and large limbs, and consists of a reddish blue discolouration of the 
lower half of the calf. Males are very rarely affected. 

Minor degrees of erythrocyanosis are extremely common but cause 
no disability. Occasionally, however, the disease becomes severe and 
may have very unpleasant consequences. In a typical advanced case, 
the lower half of the calf becomes purple and cold to the touch, while 
the circumference of the limb is increased by cellular infiltration of the 
subcutaneous tissue. The purple skin can be blanched by pressure, 
but the colour returns from all sides when the pressure is relaxed. The 
hair follicles shed their hair and enlarge, appearing as small red points 
on the purple skin. In some cases enormous hypertrophy of the sub- 
cutaneous tissue occurs, producing a thick cuff which projects just above 
the back of the ankle. The worst cases develop indurated nodules 
under the skin, which become painful and very tender, and may 
ulcerate ; these ulcers may only heal in summer weather. Itching and 
burning sensations add to the patient’s discomfort. The skin over the 
triceps may also be affected, but rarely to the same degree. 

For some time the condition was thought to be tuberculous in 
origin, or to be an endocrine dysfunction, but there lias never been any 
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comfortable, and perhaps postpone organic changes and complications. 
On the other hand, in the more serious cases, in which the need for 
relief is greater, the ultimate result tends to be definitely unsatisfactory. 
The initial relief of spasm still occurs, and this may temporarily im- 
prove the patient's condition, and remedy troublesome complications, 
but eventual relapse is almost inevitable. Indeed, in some cases the 
patient's ultimate condition is worse than before the operation, chiefly 
because of the inability of the vessels to dilate when the environmental 
temperature is raised. Lewis and Pickering have proved the exis- 
tence of vasodilator nerves in the sympathetic, by showing that sym- 
pathetic ganglionectomy destroys the power of peripheral arterioles 
to dilate as well as to vasoeonstrict. It is undoubtedly this loss of 
vasodilator reactions that constitutes the chief drawback to sympathetic 
operations. Prior to operation the patient at least had the warm 
weather to look forward to, and could relieve vasospastic attacks by 
raising the environmental temperature ; after it, even this temporary 
relief may be denied. AVe believe that serious consideration should be 
given to this possibility before operation is decided upon. 

The remote results of lumbar sympathectomy for vasospasm of the 
lower limbs are much more satisfactory, and a large measure of pro- 
longed relief may be confidently expected. Unfortunately, however, 
essential arteriolar spasm nearly always involves the upper limbs more 
than the lower, and it is small comfort to the patient to be cured of the 
lesser evil, while the greater ill remains unrelieved. 

By way of conclusion, certain statistics maybe quoted, which give 
an indication of the ultimate results of operation. In 1933, Gask 
reported seven cases of cervico-dorsal ganglionectomy for Raynaud’s 
disease, most of which relapsed by the next winter. In 1933, White 
reported 26 cases of ganglionectomy for arteriolar spasm, many of them 
with complications suggesting organic changes. Twenty were cervico- 
dorsal sympathectomies, in ten of which the operation was thought to 
be incomplete, while six of them (GO per cent) resulted in failure. The 
other ten were complete resections of the stellate and second thoracic 
ganglia ; in all the circulation of the hand, as shown by blood-flow 
measurements, remained poor; five were partial successes (50 percent) 
inasmuch as the mean temperature remained 5 to 10 degrees higher, 
and cyanosis and trophic troubles were prevented ; the others continued 
to suffer from Raynaud’s disease. Six operations were lumbar ganglion- 
ectomies, and they all gave excellent results, vasospasm being com- 
pletely abolished and the skin temperature remaining 13 to 20 degrees 
higher than before. The success of the lumbar operation is the one 
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bright spot in the outlook of the surgery of vasospastic disorders. 
It should encourage further research until, as White states, a 
solution is found to our present difficulties with persistent vasospasm 
in the upper limbs. 

B. Other Vasospastic Disorders 

(1) Acrocyanosis. 

This is a condition very closely allied to Raynaud's disease, and 
indeed generally regarded as a variety thereof. It is again an essential 
arteriolar spasm, and affects the most peripheral parts, especially the 
hands, nose and ears. Attacks of cyanosis occur in these exposed 
parts, but these attacks tend to be much more prolonged than in true 
Raynaud’s disease ; indeed, in some cases the hands are always cold 
and blue, except when the weather is very warm. With regard to 
treatment , there is nothing to add to what has been stated in the last 
section. 

(2) Erythrocyanosis. 

In a recent article (I93G) Telford and Simmons give this abbrevi- 
ated name to the condition hitherto called by the cumbersome title of 
erythrocyanosis cruruni puellarum frigidum. It is a common disorder 
which affects young women and girls with stout and florid physique 
and large limbs, and consists of a reddish blue discolouration of the 
lower half of the calf. Males are very rarely affected. 

Minor degrees of erythrocyanosis are extremely common but cause 
no disability. Occasionally, however, the disease becomes severe and 
may have very unpleasant consequences. In a typical advanced case, 
the lower half of the calf becomes purple and cold to the touch, while 
the circumference of the limb is increased by cellular infiltration of the 
subcutaneous tissue. The purple skin can be blanched by pressure, 
but the colour returns from all sides when the pressure is relaxed. The 
hair follicles shed their hair and enlarge, appearing as small red points 
on the purple skin. In some cases enormous hypertrophy of the sub- 
cutaneous tissue occurs, producing a thick cuff which projects just above 
the hack of the ankle. The worst cases develop indurated nodules 
under the skin, which become painful and very tender, and may 
ulcerate ; these ulcers may only heal in summer weather. Itching and 
burning sensations add to the patient’s discomfort. The skin over the 
triceps may also be affected, but rarely to the same degree. 

For some time the condition was thought to be tuberculous in 
origin, or to be an endocrine dysfunction, but there has never been any 
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evidence in favour of these views. Actually, it is very similar to the 
vascular lesions of severe infantile paralysis. The chief {etiological factor 
is undoubtedly a defective blood supply in a fatty area wliich is far out 
in the peripheral circulation, and which is exposed to the effect of cold 
owing to the femiuine practice of leaving the lower limbs uncovered. 
There is probably a combination of arteriolar spasm with a deficient 
venous return, with the result that a harmful tissue product accumulates 
locally, which may be responsible for the reactive formation of nodules. 
Telford and Simmons suggest that the nodules of Bazin’s disease, and 
of so-called traumatic fat necrosis, have a similar aetiology. 

The treatment of mild cases consists mainly of warm covering and 
physiotherapy. For severe cases Telford and Simmons strongly recom- 
mend bilateral lumbar ganglionectomy. They publish ten cases, with 
excellent results from six months to four years after operation. 

(3) Hyperhydrosis. 

This is a distressing condition characterised by profuse sweating 
of the hands and feet, occurring in attacks. The patients are mostly 
young and highly strung individuals, and the attacks are generally 
brought on by emotional disturbances. Sympathetic dysfunction is 
undoubtedly responsible, and there may or may not be associated 
arteriolar spasm. The condition is an obvious handicap in certain 
occupations, as well as being a source of considerable worry and 
embarrassment. 

Medical treatment is useless, and the only hope of cure lies in sym- 
pathetic denervation. This has been done both by ganglionectomy 
and by paravertebral alcohol injections into the sympathetic ganglia. 
The results of such operations have proved far more satisfactory 
than when performed for Raynaud's disease, as indeed would be 
expected from the unilateral sympathetic {etiology of hyperhydrosis. 
(4) Other Vasomotor Lesions. 

Sympathetic denervation has been tried in several conditions associ- 
ated with disturbances of vasomotor control. Lumbar ganglionectomy 
has been performed for the chronic chilblains and cutaneous ulceration 
of the legs in infantile paralysis, pyramidal tract lesions, spinal cord 
injuries, etc. : the skin complications in these lesions are caused bv 
defective blood supply with reduction of the arterial inflow and retarda- 
tion of the venous return. There is also an associated vasoconstriction, 
as shown by the marked response to vasodilator tests. Such cases do 
extremely well after a lumbar ganglionectomy, although recurrence 
of the skin lesions ultimately occurs in a proportion of them. 
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Sympathectomy lias also been performed on a large number of 
cases of rheumatoid arthritis with associated vasospasm. In selected 
cases, with a favourable vasomotor index (see Voi. II, page 3178), good 
results have been obtained ; the circulation of the cold, clammy, and 
cyanotic limbs has been markedly improved, and some cases experienced 
considerable relief of pain, and even actual improvement of the 
arthritis. 

Sympathetic surgery has also played a part in the treatment of 
causalgia. Since this condition is nearly always accompanied by 
marked vasomotor changes, it is safe to assume that there is coincident 
irritation of the sympathetic centres. Cases in which definite temporary 
relief is given by blocking the corresponding ganglia with novocaine 
should be treated by alcohol injection or ganglionectomy. Some 
success has also been claimed for periarterial sympathectomy. 


Thrombo-angeitis Obliterans (Buerger’s Disease) 

It is curious that this important and far from rare disease escaped 
adequate recognition until Buerger gave it the above title and wrote 
a comprehensive monograph on it in 1924. He described it as a chronic 
occlusive disease of medium-sized arteries, especially in the lower limbs, 
almost limited to men, and showing a special predilection for Jews and 
for heavy cigarette smokers. Buerger also indicated that some cases 
show an associated thrombophlebitis, which may actually precede 
the occlusive arteritis. Since 1924 a great deal of work has been done 
on this disorder, and it is now recognised as a definite clinical and 
pathological entity, belonging to the vasospastic group of arterial 
diseases. Its outstanding features are severe claudication pain, colour 
changes, trophic troubles, and a marked tendency to gangrene. 

Incidence. 

The most striking feature of the disease is its limitation to men, 
who constitute 99 per cent of the victims. Although most patients are 
between 40 and 50 when they first come to us for treatment, they are 
usually by tins time in an advanced stage of the disease, which probably 
starts in the middle thirties. Tlirombo-angeitis affects the lower limbs 
and is nearly always bilateral, but the disease begins in one leg and then 
attacks the other; the upper limbs rarely share in the occlusive 
arteritis, although in some cases they show evidence of arteriolar 
spasm. The alleged preponderance of Jews has not been confirmed by 
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recent statistics, nor is there reliable evidence of other racial or class 
predilection, except that the disease often seems to attack men engaged 
in occupations involving exposure to inclement weather. Considerable 
difference of opinion lias recently been expressed on the part played by 
cigarette smoking. The disease has been reported in non-smokers and it 
is very doubtful if tobacco ever acts as a direct cause. In a recent 
article (1935), however, Lampson has shown that during cigarette 
smoking there is a marked peripheral vasoconstriction, causing a fall 
m peripheral blood-flow and skin temperature, and an appreciable rise 



F 1 3. 2201 — Efttct of ooabette smosixu 

OX PfcKIPflfcHiL CIBCULATIOX, 

(After Lampson ) 


of the blood-pressure and pulse (fig. 2204). This effect is increased by 
inhaling, and occurs both in normal people and in those with thrombo- 
angeitis, in whom it may cause sensations of coldness and pain. Wc 
conclude that inhaling cigarettes is an important contributory cause of 
thrombo-angeitis, and that it certainly does harm to patients already 
suffering from arterial disease. 

.-Etiology. 

The actual causation of the disease is unknown. There is no evidence 
of blood Changes, nor does syphilis or any other cause of arterial degener- 
ation plaj any part. The one clear conclusion which emerges from 
recent research is that arterial sjxism plays a definite part in wtiology. 
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It would appear that the disease starts as an intermittent vasospasm, 
that this spasm becomes more continuous, and that after a period, 
probably of some years, occlusive arteritis and thrombosis supervene. 
There are, therefore, broad similarities between thrombo-angeitis aiid 
Raynaud’s disease, but the differences are even more striking, for while 
the latter attacks the upper limbs of young women, the former is almost 
limited to the lower limbs of middle-aged men. It almost seems as if 
there is some unknown factor which influences the effects of vasospasm 
according to the sex and the extremity involved. In this connection, 
it is of interest to observe that in the so-called epidemics of ergotism 
most of the patients are men and the lower limbs are more often affected. 
For the causation of the initial vasospasm there is no clear explanation. 
It is possible that continued exposure and tobacco may play some part, 
or that some cases may be toxic in origin, but it is more likely that these 
factors are predisposing rather than direct causes. There is certainly 
nothing to suggest sympathetic neurosis or excessive adrenal activity, 
and excised sympathetic ganglia show no pathological changes. 

Morbid Anatomy. 

Thrombo-angeitis mainly affects medium-sized arteries of the leg, 
e.g. anterior tibial, dorsalis pedis and posterior tibial. The disease 
attacks the arteries in a “ patchy ” manner, leaving lengths of normal 
vessel between the affected areas, but it nevertheless proceeds to com- 
plete arterial occlusion. The effects of such occlusion depend on the 
artery involved and on the condition of the collateral anastomotic 
channels. Serious results occur in occlusion of the upper part of the 
popliteal artery, where the anatomical provision for a collateral circula- 
tion is distinctly poor. The limb is also endangered by associated vaso- 
spasm of anastomotic branches, and later on by spread of the throm- 
botic process into the collateral vessels, or by a proximal extension 
into the femoral and iliac arteries. Fortunately, in most cases the 
disease remains localised to the medium-sized arteries, and the collaterals 
escape organic occlusion. Organic changes start in the intima which 
shows endothelial and sub-endothelial proliferation and becomes thick- 
ened and irregular. Thrombosis begins at the intimal irregularities; 
the clots are at first small and adherent to the arterial wall, but later 
the thrombosis spreads to uninvolved parts of the artery, where the 
clot lies free from the adjacent normal intima. The organic disease, 
therefore, starts as an obliterative endarteritis, the narrowed lumen 
becoming completely occluded by thrombosis. Later on, fibrosis occurs 
in the media and spreads through to the adventitia, anil even to the 
perivascular tissues. By this time the thrombus has organised into 
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fibrous tissue, und it may show evidence of recanalisation. Although 

the disease is usually limited to the legs, occasionally it affects the 

upper limbs, and it lias been reported in the coronary and mesenteric 

arteries. 

The veins are afiected in only a minority of cases, the condition being 
mainly a venous thrombosis with relatively little endopklebitis. 
Rarely, the th rombo phlebitis precedes the arterial changes, and it is 
interesting to observe that it is sometimes of the migrans type. 

Clinical Course. 

The svmptom that brings most patients to seek medical advice is 
claudication. This is a very intense cramping pain in the muscles of 
the calf and in the foot, which at first comes on after walking a consider- 
able distance, and which is relieved by resting for a few minutes. 
Although the claudication starts in one leg, sooner or later it involves 
both. .\s the disease progresses, the pain comes on after walking 
shorter and shorter distances, and the patient is often pulled up quite 
suddenly by it. Walking rapidly or uphill brings on the claudication 
more quickly. Sooner or later, any muscular exercise causes pain and, 
worst of all, it begins to occur when the patient is at rest. This rest-pain 
is most severe in bed, but some relief is obtained by keeping the leg 
outside the bedclothes, and especially by hanging it over the edge of 
the bed. 

On questioning the patient we may elicit the fact that attacks 
of coldness and blanching of the feet were noticed before the onset of 
claudication, and similar attacks may occur in the established stage of 
the disease. Occasionally the^e attacks are accompanied by sweating, 
and there can be no doubt that they are vasospastic in origin ; they 
certainly support the view that thrombo-angeitis starts as a pure 
arterial spasm. 

Some months or years after the onset of claudication, postural colour 
changes occur in the foot. At first the foot becomes discoloured only 
when it is hanging down ; the colour is a dull red, starting in the toes 
and spreading up the dorsum. On elevation of the foot the red colour 
goes and gives place to a dead white blanching. The size of the angle 
of elevation required to produce blanching is known as the angle of cir- 
culatory' efficiency, and is an index of the degree of arterial occlusion. 
The condition of the pulse in the palpable arteries is of great diagnostic 
importance. By the time claudication is well established, no pulsation 
can be felt in the dorsalis pedis or the posterior tibial, while in advanced 
cases the pulse is also lost or weakened in the popliteal and in the lower 
two-thirds of the femoral arteries. It is rarely lost in the femoral 
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artery above its bifurcation. In an excellent article published recently 
(1935), Telford and Stopford report cases in which the pulse in the tibial 
arteries was sometimes present and sometimes absent. The same 
phenomenon was observed in one case by the writer, and must be taken 
as strong evidence of intermittent arterial spasm. The thrombosed 
arteries can occasionally be felt as solid cords, largely owing to 
perivascular fibrosis. 

Having reached this stage, the disease may remain stationary, and 
in some cases a spontaneous improvement sets in. This is partly attribut- 
able to opening up of collateral channels, but may be contributed to by 
recanalisation of the thrombosed arteries. In more than half the cases, 
however, the course unfortunately progresses downhill. Trophic 
troubles appear in the form of chronic onychia, with loss of nails, callous 
ulcers, and other skin changes. Finally, in about a quarter of the cases, 
black necrotic areas appear on the toes or heel, and spread more or less 
rapidly, usually as a moist gangrene, up the foot and leg. In the average 
case, several years elapse before this final stage is reached. Occasionally 
the course of the disease is acute and gangrene may come on in as little 
as three months. Telford and Stopford describe one case in which death 
occurred six months after the onset of claudication, from thrombosis 
spreading up the aorta and occluding the inferior mesenteric artery. 

Thrombophlebitis appears in 10 to 15 per cent of cases, and is mostly 
of the migratory type (see page 4005). 

Treatment. 

Before undertaking treatment it is essential to exclude other types 
of arterial disease, particularly arteriosclerosis. The distinction from 
arteriosclerosis should not be difficult, as this affects people ten or more 
years older, is much more generalised in its distribution, and can be diag- 
nosed by X-ray pictures. Having established the diagnosis of thrombo- 
angeitis, it is then wise to classify the case into one of two types — (1 ) with 
a good vasodilator response, and (2) with a poor vasodilator response. 
The simplest way of determining the vasodilator power of an ischaemic 
lower limb is with spinal anaesthesia. Cases associated with vasospasm, 
or in whom the collateral channels are capable of good vasodilatation, 
will respond well, showing a rise in their skin temperature of 10 to 15 
degrees, as well as an improvement in colour and warmth. Such 
cases can be expected to derive real benefit from sympathetic denerva- 
tion. When the vasodilator response is poor, however, it is obvious 
that little can be hoped for from operations on the sympathetic. 

Medical treatment is mostly of temporary benefit, but since some of 
the cases tend to become stationary it is certainly worthy of trial. 
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Drugs by mouth are of no value, while injections of muscle extracts 
(e.g. lacamol) or acetyl-choline only give very fleeting results. The 
fever treatment with mixed typhoid vaccine is also of temporary benefit, 
and the patient soon resents the repeated febrile reaction. Two con- 
servative measures, tried recently, appear to give far more promising 
results. The first of these is the Pavax (passive vascular exercise) 
treatment described by Hermann and Reid in 1933. In this the leg 
is enclosed in a glass boot and subjected to alternately negative and 
positive pressure, the object being to encourage the development of the 
collateral circulation : reports of early results are definitely satisfactory. 
The other recent measure is intravenous administration of 5 per cent 
hypertonic saline solution in recently sterilised distilled water. This 
treatment was strongly recommended by Silbert in 1935, who 
published 524 cases with striking improvement; the injections are 
given twice to three times a week, starting with 150 cc. and continuing 
with 300 cc. The hypertonic saline is persevered with while improve- 
ment continues. Silbert also insists on the importance of avoiding 
cigarette smoking, which he considers the most important part of the 
treatment. Recent opinion strongly supports this contention. 

Surgical treatment will be reported to when medical measures fail 
to arrest the disease. All forms of sympathetic operations have been 
tried, but periarterial sympathectomy, ramisectomy, and adrenal 
denervation have failed to maintain the success originally claimed for 
them. Two operations, however, have shown a high proportion of good 
results in selected eases, namely, lumbar ganglionectomy and crushing 
of the peripheral nerves. 

The chief advocates of lumbar sympathectomy for thrombo-angeitis 
are Telford and Rtopford. in this country, and A (Lon and Brown, of the 
Mayo Clinic. In the article already referred to, Telford and Stopford 
give the results of 48 lumbar ganglionectomies, 42 of which were 
bilateral. They had no operation deaths, but six of their patients died 
subsequently, three of them from coronary disease. Of the remainder, 
25 patients (nearly GO per cent) were classed as good results (no rest- 
pains, walking well, and at work). 7 were fair results, and 10 (24 per 
cent) were failures. The best results were obtained in youngish patients 
with definite vasospasm. There can lie no question that sympath- 
ectomy should be reserved primarily for cases which show a good vaso- 
dilator response after spinal anesthesia, as these are the only ones in 
whom the collateral vessels have a chance to vasodilate. Adson and 
Brown state that only one out of ever}* three patients admitted to the 
Mayo Clinic proved suitable for this operation. In other cases the 
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best that can be hoped for it is some relief from rest-pain, and perhaps 
a lower level of amputation when gangrene supervenes. 

Crushing of the peripheral nerves is warmly advocated by White, 
whose experience with lumbar ganglionectomy has not been too happy ; 
he considers that patients with thrombo-angeitis are not good risks for 
a major operation, and recommends this minor procedure as an alterna- 
tive. At least two or three mixed nerves (the anterior tibial, musculo- 
cutaneous, and posterior tibial) are crushed with artery forceps 
through small incisions, about six inches above the ankle. This produces 
a motor, sensory and sympathetic paralysis of the foot, which lasts for 
three to six months. During this period as much vasodilatation is 
produced as in lumbar ganglionectomy, and this often proves sufficient 
to heal ulcers and to limit the spread of gangrene. ^Moreover, it gives 
much more complete relief from pain. After six months the nerves 
regenerate and the vasodilatation comes to an end, but the collateral 
circulation may have developed in the meantime sufficiently to produce 
some permanent improvement. In 1935 Smithwick and White reported 
29 cases of nerve crushing with 17 cases of marked improvement. The 
temporary motor paralysis is of little consequence in the foot, but it 
prevents the application of this procedure to the upper limb. Whatever 
treatment is adopted a certain proportion of cases (15 to 25 per cent) 
terminate in gangrene, which necessitates am putation. Nerve crushing, 
lumbar sympathectomy, or the hypertonic saline treatment may limit 
the gangrene to the toes, and it may be possible to save most of the foot. 
But when the gangrene shows signs of spreading, or becomes associated 
with infection, a high amputation may be urgently indicated. As a 
rule, a below-knee amputation can be done with safety, but when severe 
spreading infection is present, or the circulation of the stump is doubtful, 
one should not hesitate to sever the limb through the tlugh. Perhaps 
the most useful test to determine the proper level of amputation is 
the estimation of the skin temperature ; of recent years arteriography 
has also proved of real value in this connection (see page 4017). 


Degenerative Arteritis 
(arteriosclerosis and endarteritis) 

/ Etiology . 

Degeneration of the arteries (arteriosclerosis) is essentially a medical 
problem, but it has surgical aspects which require consideration. 
Although mostly seen in elderly people over 50, arteriosclerosis is not 



4044 POST-GRADUATE SURGERY 

necessarily a senile process and sometimes occurs in quite young people. 
Many factors enter into its aetiology, of which toxic states and metabolic 
disturbances appear to be the most important. Its association with 
syphilis, nephritis, heart disease, hypertension, diabetes and gout has 
long been known ; it is also known to occur after acute infections, such 
as influenza and scarlet fever. Recent work, however, suggests that 
metabolic disturbances constitute an even more important Etiological 
factor. In diabetic cases arterial degeneration may occur quite early 
in life, and the present view is that excess of cholesterol in the blood is 
responsible for it. There are strong reasons for the belief that disordered 
cholesterol metabolism is also responsible for the arteriosclerosis of older 
people. The morbid changes in the arterial walls appear to be initiated 
by the accumulation of lipoid cells in the ultima, and to a lesser extent 
in the elastic and muscular coats; necrotic and fibrotic processes 
follow. Evidence has been recently brought forward which shows that 
a diet with a high fat content promotes the early development of arterio- 
sclerosis, while a mainly carbohydrate diet with low calorie value is 
likely to delay it. 

Morbid Anatomy. 

The morbid changes differ somewhat according to the location of 
the disease, of which there are two main types : In one, the changes 
mainly affect the intima, constituting a true endarteritis. There is a 
hyperplasia of the sub-endothelial layer, with a large accumulation of 
lipoid cells, and relatively little fibrosis. The hyperplasia tends to be 
■patchy and, owing to poor blood supply, the lipoid patches undergo 
necrosis and constitute what is known as atheromatous plaques. 
Sooner or later the necrosis reaches the endothelium and the plaques 
become ulcers, which form the starting-point for thrombus formation. 
Old plaques which fail to ulcerate tend to calcify. This constitutes 
the type of arterial degeneration usually known as atheroma, and is 
mostly seen in large arteries of the elastic type, such as the aorta, 
innominate and iliac arteries. The weak areas left in the arterial wall 
may prove the starting-point of an aneurysm. Quite a different 
type of endarteritis affects small arteries, particularly those on which 
the collateral blood supply of a limb depends. Here the usual change is 
a marked sub-endothelial proliferation, passing on to fibrosis of the 
intima and media, and leading to marked narrowing and rigidity 
(obliterative endarteritis). These small vessels thus lose their ability 
to vasodilate when a special demand for such dilatation is made upon 
them by occlusion of main channels. 

In the large muscular arteries of the limbs arteriosclerosis tends to 
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be more generalised, and the main changes occur in the media (mesarter- 
itis). This becomes the site of a round-celled infiltration, which is 
followed by necrosis, fibrosis and diffuse calcification. The arteries are 
converted into rigid tubes, with calcareous material deposited in thick 
rings, but there is not the same tendency to endothelial ulceration and 
thrombosis as in the intimal type. This type of arteriosclerosis has 
been termed the Monckeberg sclerosis, and appears to be associated with 
hypertension and cardio-vascular strain. The two 
varieties, however, not infrequently coexist. 

Of special surgical interest are the morbid 
changes which involve the arteries of the lower 
limbs in cases of arteriosclerotic gangrene. Marked 
fibrous thickening occurs in the intima, narrowing 
the lumen, and spreads to the media and 
adventitia, while extensive calcification occurs 
between the intima and media. Fatty degenera- 
tion follows, and necrotic patches develop under 
the endothelium. When the endothelium itself is 
reached, thrombosis occurs and causes complete 
occlusion of the vessel (fig. 2205). In diabetes 
the same changes occur, but at an earlier age. 

The smaller branches of these arteries show intimal 
thickening, hyaline degeneration, and fibrosis, 
with marked narrowing, and ultimately oblitera- 
tion of the lumen. This is the explanation of the 
poor collateral circulation in lower limb arterio- 
sclerosis, and therefore of the narrow limit of 
safety which exists between the occurrence of 
total occlusion of the main artery (e.g. by super- 
vening thrombosis or embolism) and the onset of 
qannrene. Inthrombo-angeitis,in diabetic arteritis ARIER '- 
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ot young people, and in many cases ot arterial 
embolism, the collateral vessels are frequently unaffected, and there is 
thus a much wider range of safety between occlusion of a main 
artery and gangrene. 

Clinical Course. 

The course of arteriosclerosis is generally very slow. The manifesta- 
tions of greatest surgical interest are those which depend on impairment 
of the circulation in the lower limbs. The nutrition of the skin, muscles 
and bones suffers, leading to atrophic changes, while the relative 
ischaemia causes rapid fatigue, aching pains on walking, pancsthesia, 
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and intolerance to cold. True intermittent claudication also occurs, 
but is neither as common nor as severe as in thrombo-angeitis. Cramping 
pains at night are more frequent and may cause insomnia. The 
pulses may be feeble and the hardened arteries are usually palpable. 

The development of actual gangrene is often preceded by signs of 
increasing arterial occlusion, such as colour changes and marked cold- 
ness of the feet, and is sometimes determined by an attack of throm- 
bosis in the narrowed arteries. The direct cause of the gangrene may 
be trivial, e.g. slight trauma, or a mild local infection, which in a limb 
with an adequate blood supply would be easily dealt with. The course 
of the gangrene varies. If the main vessels are not completely occluded, 
or if the smaller collateral arteries are not seriously affected, the 
gangrene may remain localised to a superficial patch, or at most it may 
involve one or two toes. But if either extensive occlusion of the main 
arteries, or advanced obliteration of the collaterals be present, the 
gangrene is likely to spread. Infection, by lowering local resistance, 
by producing a local reaction, and by exciting thrombosis, is another 
important cause of extension of the gangrene. 

Diagnosis. 

When one is confronted with a threatening of actual vascular 
gangrene of the lower limb it is important to ascertain the cause. 
Vasodilator tests will show whether the vascular lesion is vasospastic 
or organic : complete failure to elicit a response suggests arterio- 
sclerosis. for even m advanced thrombo-angeitis some vasodilatation is 
frequently obtainable. The reader must be reminded, however, that 
occasionally cases of arteriosclerosis are associated with some vaso- 
spasm (see page 4029). The diagnosis from thrombo-angeitis has already 
been considered, but it may be repeated that definite evidence of calci- 
fication of the arteries can be obtained by X-ray examination. The 
histamine wheal test is of special value in the prognosis of arterial 
occlusion, particularly in diabetic cases : with a good reaction there is 
no danger of gangrene, hut with a negative response gangrene is threat- 
ening and special precautions mu>t be taken to prevent it. 

Treatment . 

From a surgical point of view the treatment of arterioscleroois 
resolves itself into two guiding principles : (1) to prevent gangrene when 
this is threatening ; and (2) to treat gangrene when it has begun. All 
other aspects of treatment belong to the physician. 

In earning out the first principle, Reid states that every effort 
must be made to save an affected limb during a critical period, because 
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a circulatory balance may eventually be established, and gangrene can 
often be avoided by simple therapeutic measures. Abstinence from 
fatty food, and treatment of a’ constitutional cause are of obvious 
importance. The patient must wear warm and comfortable shoes and 
stockings, and avoid exposure to cold or damp. Walking must be 
carefully regulated, and abrasions and other injuries to the feet avoided, 
while even the most trifling local lesion, such as corns, callosities and 
ingrowing toe-nails should be treated with the greatest caution. The 
greatest possible cleanliness and asepsis must be observed. When the 
local circulation is obviously failing, rest in a horizontal position is 
essential, the legs being kept at the level of greatest circulatory 
efficiency. Every attempt should be made to open out the collateral 
circulation with dry heat, contrast baths, and possibly the Pavaex 
treatment (see page 4042). A constant temperature foot-cradle devised 
by Starr and maintaining a temperature of about 35° C. has proved 
very useful in the treatment of both threatening and actual gangrene. 
Vasodilator drugs are useless, while the fever therapy with typhoid 
vaccine is dangerous, as it may start a thrombosis. 

Attempts to improve the circulation in an arteriosclerotic limb by 
operation have, on the whole, proved unsuccessful. Ligature of , the femoral 
vein has been of some value in moderate arteriosclerosis with local areas 
of defective supply, provided the peripheral pulse is still present. 
It acts by balancing the distribution of the available blood supply to 
the leg, and occasionally seems to avert threatening gangrene. Opera- 
tions on the sympathetic are of no real value in arteriosclerotic ischsemia, 
although by producing temporary vasodilatation of collateral vessels 
they may save an odd case of gangrene here and there. Periarterial 
alcohol injections and peripheral nerve block are subject to exactly the 
same criticism. 

When gangrene has actually started, the above conservative measures 
must be continued with even greater application, in the hope of localis- 
ing the process. Every care must be taken to keep the gangrene dry 
and aseptic, and amputation should be withheld until a line of demarca- 
tion has formed, unless there is evidence of spreading infection, massive 
gangrene, or exhausting pain. When an amputation has been decided 
upon, the level at which it is performed is of the greatest importance. 
For small areas of necrosis with a good line of demarcation the surgeon 
need only assist nature by dividing a tendon or disarticulating a toe- 
joint ; the resulting wound may already be partly healed, or it may 
only heal after long delay and repeated breaking down. But when 
the gangrene is spreading, when infection has occurred, and particularly 
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when the dorsalis pedis and posterior tibial arteries are not pulsating, 
a high amputation is essential. Estimation of the skin temperature, 
and the regional response to the histamine wheal test, may help to 
determine the proper level of the amputation. But in general one has 
to choose between a below-knee amputation, which has a low immediate 
mortality but a greater chance of necrosis in the stump, and a thigh 
amputation, with its higher immediate death-rate but better prospect 
of healing. 

In recent years, arteriography has proved of considerable assistance 
in determining the best level of amputation for vascular gangrene. 
By its use accurate visualisation of the main and collateral arteries 
has been made possible, and the information thus obtained is of obvious 
importance. For further details and technique the reader is referred to 
page 4017. 
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CHAPTER IV 


Aneurysms 

CLASSIFICATION 

The terra aneurysm is derived from a Greek word which means 
dilatation or widening. Its strict pathological meaning is a local dilata- 
tion of a blood-vessel, producing either a regular enlargement of the 
whole lumen (fusiform aneurysm), or an irregular enlargement of one 
side (saccular aneurysm). Local dilatation may involve an artery, a 
vein, or both. A venous aneurysm (see fig. 2206) is very rarely encountered 
as a strictly local lesion, although aneurysmal dilatations are often seen 
as cyst-like swellings of a varicose vein. Arterio-venous aneurysms consti- 
tute a fairly common condition, to which a great deal of surgical interest 
has been attracted in recent years (see page 4072). Unless otherwise 
specified, however, the term aneurysm is used to designate an arterial 
lesion. 

A distinction must be made between a true aneurysm , and what has 
come to be known as a false aneurysm. The former is produced by a 
fusiform or saccular expansion of an artery, and the walls of the 
aneurysm are thus, at least in part, derived from the walls of the parent 
vessel. A false aneurysm, on the other hand, is not a dilatation of an 
artery, but a circumscribed fibrous-walled hsematoma, produced as the 
result of extravasation from a wounded or ruptured artery, and preserv- 
ing its communication with this vessel. 

Classification. 

An arterial aneurysm may be congenital or acquired. Congenital 
arterial aneurysms are extremely rare ; they are associated with 
abnormalities in the development of the vascular walls, and have been 
described at the base of the brain, in the splenic artery, the internal 
carotid artery, and elsewhere. Intra-cranial congenital aneurysms are 
occasionally responsible for fatal subdural haemorrhage in young people, 
without trauma or vascular disease (see under Intra-cranial Aneurysms, 
page 4070). 

Acquired aneurysms are conveniently classified into: (1) Spontaneous 
or idiopathic ; (2) traumatic ; (3) embolic (mycotic) ; and (4) erosion 
aneurysm. 


4049 



4050 POST-GRADUATE SURGERY 

Embolic end erosion aneurysms are of little surgical importance, as 
neither their course nor their consequences can be influenced by surgical 
intervention (except in occasional instances). Embolic or myotic 
aneurysms result from the arrest of septic emboli in an artery, with 
consequent infection of the arterial wall, which softens and gives way. 
even under normal conditions of blood-pressure. They are usually 
multiple, are caused by infective endocarditis, are mostly seen in 
children, and proceed rapidly to fatal rupture. 

Erosion aneurysms may be produced by any erosive lesion which 



weakens or destroys the tissues surrounding and supporting an artery, 
and which invades the arterial walls therm-elves. The best example 
is provided by an artery which is left isolated in a tuberculous cavity 
in the lung : such a weakened and unsupported vessel sraduallv gives 
way to the pressure of its blood, dilates to form an aneurvsm. and 
finally ruptures, perhaps causing fatal hemorrhage. A simitar process 
may affect an artery left stranded in the midst of an acute infective 
lesion or of a destructive malignant growth. The writer has seen an 
acute aneurysm develop in a common femoral artery traversing a targe 
absce=s. following an infected gunshot wound of the thigh, with com- 
pound fracture of the femur ; amputation through the hip had to be 



CARDIO-VASCULAR SURGERY 4051 

resorted to, after all other measures for the control of repeated and 
alarming secondary haemorrhage had failed. Another erosion aneurysm 
of a large artery seen by the writer involved the common carotid, in a 
case of extensive sloughing of the neck from secondary carcinomatous 
ulceration ; sudden rupture of the aneurysm proved a merciful 
ending. 

Spontaneous and traumatic aneurysms are by far the most important 
varieties from the surgical point of view, and will take up the greater 
part of this section. 

Apart from arterial aneurysms, two other varieties are of surgical 
importance, viz. arterio-venous aneuryms and cirsoid aneurysms, both 
of which will receive adequate consideration. 


Idiopathic (Spontaneous) Aneurysms 

^Etiology. 

Aneurysm is about ten times more common in men than in women. 
More than 50 per cent of cases occur between the ages of forty and 
fifty-five. The most common predisposing cause of spontaneous 
aneurysm is syphilis. 

The lesion appears to be more common in temperate climates, and 
among Anglo-Saxon races, but in America there is a high incidence 
among negroes, probably owing to the prevalence of syphilis in this race. 
Occupations entailing cardio-vascular strain, especially intermittent 
increase in blood-pressure (e.g. heavy lifting), and also work associated 
with repeated trauma of a main artery, are eetiological factors of some 
importance. It is undoubtedly the exposure to vascular and other forms 
of trauma which accounts for the much higher incidence of aneurysms 
in the male sex. 

A true aneurysm rarely occurs in a vessel which was previously 
healthy. The preservation of the arterial calibre, and its resistance to 
vascular stresses, depends on the muscular and elastic tissues of the 
media. Any condition which interferes with the nutrition and well- 
being of the media deprives the arterial wall of its resistance to internal 
pressure, and must thus be regarded as predisposing to the development 
of an aneurysm. It is because syphilis mostly involves the middle coat 
of large aiteries that it forms such an important .'etiological factor. 
By causing an obliterative endarteritis of the vasa vasortim, and by a 
direct “ toxic ” action on the muscle cells and clastic elements, syphilis 
produces a degeneration of the media. The degenerated tissue is 
replaced by a connective tissue proliferation, and the resistant muscular 
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and elastic wall becomes an unresponsive and rigid fibrous covering, 
which can no longer efficiently control variations in the arterial pressure, 
and is liable gradually to give way before maximal variations. 

Syphilis is not the only disease that can produce degenerative 
changes in the media (mesarteritis). Other infective lesions, chronic 
alcoholism, ^out. and some forms of arteriosclerosis are occasionally 
responsible. Mesarteritis is. of course, a diffuse condition, and when 
an aneurysm follows it tends, at least in its early stages, to be fusiform 
in shape. The reason why the dilatation of the artery is localised, and 
not diffuse, probably depends on local effects of vascular strain or 
external trauma, as well as on the unequal distribution of the more 
intense degenerative changes. 

Apart from diffuse medial fibrosis, syphilis, arteriosclerosis and other 
infective or degenerative conditions produce changes in the inlima of 
large vessels ( endarteritis ). which may also play a part in the causation 
of aneurysms. Such intimal changes tend to be more localised in their 
distribution, and are best seen in cases of atheroma of the aorta. Local 
patches of intimal necrosis occur, which sometimes affect part of the 
underlying media, and the resulting weak spot in the arterial wall may 
be the starting-point of an aneurysm. Aneurysms formed under such 
conditions are usually of the saccular type, although a so-called dissecting 
aneurysm also develops in the same way. 

Trauma undoubtedly plays an important and direct part in the 
aetiology of true aneurysms. Mostly the trauma is internal , or vascular, 
and is produced by intermittent and marked increases of arterial blood- 
pressure, such as accompany severe occupational strain, or unaccus- 
tomed exertion in elderly men of sedentary habit. Vascular trauma 
may act with special force on certain points, such as arterial bends 
(e g. aortic arch), or where large short arteries undergo a sudden 
and marked diminution in calibre (e.g. innominate, or common 
carotid). 

External, or rather eaim-arterial trauma, is a less common etiological 
factor of true aneurysms. Such tra uma may be repeated, e.g. bending 
or stretching of an artery during strenuous games and exercise ; or it 
may be single, as in cases where an aneurysm develops at the site of a 
previous fracture or dislocation. A true aneurysm may also start from 
a scar in the wall of an artery, which is the result of an old injury. 
Horbul Anatomy. 

An aneurysm consists of a sac. which communicates with at least 
one but usually several vessels, and of contents. It is customary to 
classify sacs into fusiform, saccular, and dissecting (fig. 2207). In the 
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last type a cleavage occurs through the media, part of which remains 
in the wall of the artery, while the rest is pushed away with the adventitia 
by the accumulation of blood in the line of cleavage, to form the sac 
of the aneurysm. Dissecting aneurysms usually start from an ather- 
omatous ulcer, and are therefore mostly seen in the thoracic or 
abdominal aorta. 

True fusiform aneurysms, in which the whole wall of the artery is 
evenly expanded into a regularly ovoid dilatation, are rarely seen. 
Aneurysms of large deep-seated arteries, such as the aorta, are often 
fusiform at first, but subsequently one side yields more than the other, 
and the aneurysm becomes increasingly sacculated. In a true fusiform 
aneurysm all the coats of the artery are represented. Thus, it is usually 



Fig . 2207.— TiPEs or Asevrysm a . Fosiform. 4. Sacclmk. e . DissEcrct.o. 


entirely lined by the intima, although this may be irregular and ather- 
omatous in patches. The media is stretched and atrophied, but 
muscular and elastic tissues are recognisable, particularly near the 
junctions of the aneurysm with its parent artery. The adventitia 
becomes much thickened by a peri-aneurysmal fibrosis. Figure 2208 
provides a good example of an aneurysm which started as the fusiform 
variety, but which now shows all the characters of the saccular type. 

A large majority of aneurysms are saccular. As already mentioned, 
aneurysms of the large internal vessels may be fusiform at first, but 
become saccular later. Aneurysms in the limbs are nearly always 
saccular from the start, largely because trauma plays a dominating 
influence in their causation. The wall of a saccular aneurysm is pro- 
foundly different from the wall of its parent vessel. Although it is true 
that it may have an endothelial lining, and that the endothelium may 
regenerate from the parent vessel even after it has been destroyed, 
the other layers show marked alterations. It may be possible to trace 
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Treatment. 

Since ancient times the treatment of aneurysm lias proved of 
immense interest to both physicians and surgeons. Medical treating 
lus rarely been able to do more than relieve symptoms, and occasion* 
retard the enlargement of the aneurysm:' Prophylactic treatment, hoi- 
ever, particularly the early and thorough eradication of syphKi. 
IS of the Utmost value, and is largely responsible for the recent dimhm- 
tion in the incidence of the lesion. Other important preventable 
measures are . treatment of any general vascular disease, particularly 
II pertensron. and avoidance of undue or unaccustomed strain bv 
predisposed persons. 

Most medical methods aim at increasing the coagulability of the 
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CS . S10ldd reserved for cases in which no surgical 
measures can be considered. 
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indication for compression is to increase the collateral circulation, 
prior to an open operation. 

Acupuncture was used by Macewen for inoperable aneurysms, but 
never became popular. Needles were inserted into the aneurysm in such 
a way that the blood current made them scratch the opposite intima. 
It was hoped that this would cause an endarteritis, which might favour 
clot formation. 

Insertion of foreign bodies, such as wire, horse-hair, etc., was employed 
by Moore, D’Arcy Power and others, with the object of stimulating 
thrombosis. In a modification of this method, a powerful current is 
passed through a coil of wire introduced into the aneurysm, which is 
said to “ sear ” the intima and so initiate an obliterating arteritis. 
Inserted wire may also be employed for electrolytic treatment, which is 
known to cause clotting. Although these methods appear somewhat 
fanciful, there can be no doubt that they have a limited field of applica- 
tion, especially in aneurysms of the thoracic aorta which can be reached 
between the ribs by an anterior approach. Satisfactory results have 
been obtained, and as recently as 1935 Thompson, Souttar and Howells 
reported a case of aortic aneurysm greatly improved for three years 
by the insertion of Colt’s wire umbrella through a special cannula, 
the clinical improvement being confirmed radiographically. 

Operative Treatment. The operative treatment of aneurysms resolves 
itself into four main procedures : ligature, aneurysmotomy, excision, 
and aneurysmorrhaphy. Another operation, brought forward in recent 
years, is decompression of the sac by arterio-venous anastomosis. 

(1) Ligature of the artery aims at obliteration of the aneurysm by 
promoting clotting. Although of great historical interest, its indications 
in these days are strictly limited. All possible arterial sites and all kinds 
of ligature material have been employed. The ligature may be applied 
immediately proximal to the sac (Anel’s method), or with the intervention 
of a branch (Hunter) ; it may be applied just distal to the aneurysm 
(Brasdor), or again beyond one or more branches (Wardrop) ; finally, the 
artery may be ligated both proximal and distal to the sac (Pasquin). 

Although one or other of the above ligature procedures is included in 
most modern operations, when applied alone they often fail to obliterate 
the aneurysm, and they rarely insure against recurrence. Failures and 
relapses are due to revascular' of the sac by collateral branches. 
Inclusion of such collaterals : .-tion endangers the vitality of 

the limb. Moreover, the hind and continues to exert 

harmful pressure effects, **' may be displaced into 

new collaterals and so' For these reasons 
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Treatment. 

Since ancient times the treatment of aneurysm has proved of 
immense interest to both physicians and surgeons. Medical treatment 
has rarely been able to do more than relieve symptoms, and occasionally 
retard the enlargement of the aneurysm." Prophylactic treatment, how- 
ever, particularly the early and thorough eradication of syphilis, 
is of the utmost value, and is largely responsible for the recent diminu- 
tion in the incidence of the lesion. Other important preventative 
measures arc : treatment of any general vascular disease, particularly 
hypertension, and avoidance of undue or unaccustomed strain by 
predisposed persons. 

Most medical methods aim at increasing the coagulability of the 
blood in the aneurysm, and thus favouring thrombosis. Perhaps the 
oldest is the starvation treatment advocated by Hippocrates. This has 
been combined with absolute rest in bed, drugs such as potassium iodide 
or calcium, intramuscular injections of 2 per cent sterilised gelatin, 
and repeated bleedings. Real improvement has so rarely attended these 
remedies that they should be reserved for cases in which no surgical 
measures can be considered. 

Surgical treatment, although rationally employed as far back as the 
second century by Antyllus, was sadly hampered until asepsis, anaes- 
thesia, and the other great discoveries of modern times, gave surgeons 
the chance to solve what is essentially a surgical problem. That this 
solution has been only partly successful is due not to any lack of interest 
or skill, but to the peculiar difficulties presented by the anatomical 
situation of aneurysms, which are usually placed astride some vital 
part of the vascular apparatus. 

Surgical measures may be conveniently divided into mechanical 
and operative, both of which are applied either directly to the aneurysm, 
or indirectly to its artery. 

Mechanical Procedures. These include compression, acupuncture, 
and the introduction of foreign bodies into the aneurysm. 

Compression was a favourite measure in pre-antiseptic days. Its 
object was to encourage thrombosis and consolidation of the aneurysm, 
and also to improve the collateral circulation. Direct compression of 
the aneurysm proved painful and dangerous, but indirect compression 
of the supplying artery enjoyed a great vogue. Either the fingers or 
clamps were employed, the compression being applied intermittently. 
The writer recalls being one of a relay of dressers who, under the super- 
vision of an elderly surgeon, ineffectually squeezed upon the femoral 
artery, day after day, for a popliteal aneurysm. In these days the only 
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indication for compression is to increase the collateral circulation, 
prior to an open operation. 

Acupuncture was used by Macewen for inoperable aneurysms, but 
never became popular. Needles were inserted into the aneurysm in such 
a way that the blood current made them scratch the opposite intinia. 
It was hoped that this would cause an endarteritis, which might favour 
clot formation. 

Insertion of foreign bodies , such as wire, horse-hair, etc., was employed 
by Moore, D’Arcy Power and others, with the object of stimulating 
thrombosis. In a modification of this method, a powerful current is 
passed through a coil of wire introduced into the aneurysm, which is 
said to “ sear ” the intima and so initiate an obliterating arteritis. 
Inserted wire may also be employed for electrolytic treatment, which is 
known to cause clotting. Although these methods appear somewhat 
fanciful, there can be no doubt that they have a limited field of applica- 
tion, especially in aneurysms of the thoracic aorta which can be reached 
between the ribs by an anterior approach. Satisfactory results have 
been obtained, and as recently as 1935 Thompson, Souttar and Howells 
reported a case of aortic aneurysm greatly improved for three years 
by the insertion of Colt’s wire umbrella through a special cannula, 
the clinical improvement being confirmed radiographically. 

Operative Treatment. The operative treatment of aneurysms resolves 
itself into four main procedures : ligature, aneurysmotomy, excision, 
and aneurysmorrhaphy. Another operation, brought forward in recent 
years, is decompression of the sac by arterio-venous anastomosis. 

(J ) Ligature of the artery aims at obliteration of the aneurysm by 
promoting clotting. Although of great historical interest, its indications 
in these days are strictly limited. All possible arterial sites and all kinds 
of ligature material have been employed. The ligature may be applied 
immediately proximal to the sac (Ancl’s method), or with the intervention 
of a branch (Hunter) ; it may be applied just distal to the aneurysm 
(Brasdor), or again beyond one or more branches (Wardrop) ; finally, the 
artery may be ligated both proximal and distal to the sac (Pasquin). 

Although one or other of the above ligature procedures is included in 
most modern operations, when applied alone they often fail to obliterate 
the aneurysm, and they rarely insure against recurrence. Failures and 
relapses are due to revascularisation of the sac by collateral branches. 
Inclusion of such collaterals in the operation endangers the vitality of 
the limb. Moreover, the tumour is left behind and continues to exert 
harmful pressure effects, while the clot in the sac may be displaced into 
new collaterals and so render them ineffective. For these reasons 
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simple ligature often foils to arrest the growth of an aneurysm, and is 

indeed associated with an actual risk of post-operative gangrene. 

(2) Aneurysmotomy , in which, after ligature of the main vessels 
and of the collaterals entering the aneurysm, the sac is incised and 
evacuated, is a better operation, provided the ligatures are inserted close 
to the sac. It removes one cause of pressure — the clot, ensures against 
persistence or recurrence of the aneurysm, and also prevents embolism 
and thrombosis of collaterals. This operation was first described by 
Antyllus in the second century, and was recommended 70 years ago by 
Symes, who modified the procedure by obliterating the openings of the 
parent vessel from inside the aneurysm. After evacuation, the sac 
may be pleated, packed, or filled with a muscle graft. 

(3) Excision of the aneurysm, after near-by ligature of all the vessels 
co mmuni cating with it, is unquestionably the best operative procedure. 
It produces a permanent cure and removes all relievable pressure effects. 
Unfortunately it is only applicable to a minority of aneurysms, i.e. 
those which are accessible, and can be freed from surrounding structures 
without inflicting such damage as will more than neutralise the benefits 
of removing the aneurysm. 

When excision of the sac can be combined with reconstruction of the 
main artery, it becomes an ideal operation. But the cases on which 
this can be done are very few, and the reconstructed artery, which, 
of course, must be quite healthy, may not remain patent for more than 
a short period. Of necessity, such reconstruction is usually an end-to- 
end anastomosis (see page 4034), but in small saccular aneurysms 
(mostly traumatic) the removal of the sac may leave a one-sided wound 
of the artery, which can be repaired by lateral suture. 

(4) Aneurysmorrliaphy was first described by Matas in 1902. Its 
great advantage is that the operation is performed entirely from within 
the sac, without disturbing collateral vessels and other extra-saccular 
structures. It is virtually an eradication of the aneurysm, and in the 
hands of the originator and his disciples has proved easier and safer 
than excision of the sac ; furthermore, its range of application is some- 
what wider than that of excision, although it is still mostly limited to 
peripheral aneurysms. Whilst it is true that the method has not proved 
equally successful when tried by other surgeons, it remains a brilliant 
achievement of conservative surgery. 

Endo-amurysmonhaphy, to give it its full title, is of three types — 
obliterative, restorative, and reconstructive. In all types it involves 
temporary arrest of the blood stream by compression of the main 
artery proximal to the sac. This may be done by tourniquet, lengths 
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of wide tape, or artery clamps (see page 4083). The restorative 
and reconstructive operations can only be performed when the walls 
approximate to those of a healthy normal artery, and are rarely applic- 
able to other than traumatic aneurysms. In the great majority of 
spontaneous aneurysms the walls are too degenerated to allow of any 
but the obliterative operation. 

Technique of Endo-aneurysmorrlmphy. 

(a) Obliterative (fig. 2209). One side of the sac is exposed and 
incised, and the contents emptied. The openings of the parent artery, 
and of other communicating vessels, are sutured from within. Finally, 
the sac is obliterated with layers of invaginating sutures. 

( b ) Restorative (fig. 2220). This operation is limited to saccular 
aneurysms with one opening into the parent artery. This opening is 



sutured, after incision and evacuation of the sac, again from within, 
but without narrowing the restored artery. The sac itself is obliterated 
as before, and at the same time used to strengthen the arterial suture. 

(c) Reconstructive (fig. 2211). This procedure is rarely applicable, 
being reserved for aneurysms, originally fusiform, in which the two 
openings of the parent artery are close together, and the wall sufficiently 
healthy to justify an attempt to reconstruct the artery. A rubber tube 
is inserted into the two openings of the parent vessel, and a connecting 
channel is made between them by suturing the adjacent parts of the 
sac over the tube, which is removed just before the completion of 
the suture. The rest of the sac is dealt with as before. 

Although the restorative operation sometimes succeeds in its object, 
the reconstructive procedure cannot be expected to do more than 
provide a temporary arterial channel. In time the reconstructed 
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artery becomes gradually occluded, but a valuable interval may 
be obtained for the establishment of an adequate collateral 
circulation. 

(5) Arterio-venous Anastomosis (fig. 2212). In 1932, Babcock 
published an ingenious procedure, which is said to decompress the 
aneurysm by producing a large arterio-venous anastomosis in its vicinity. 
It is a hydro-dynamic fact that pressure exerted on the walls of a tube 
is diminished by increasing the velocity of a fluid running through it. 
On this principle, Babcock recommends for aortic aneurysm, an 




anastomosis of the cardiac ends of the common carotid artery and 
internal jugular vein, the distal ends of both vessels being ligatured. 
This has the object of creating a by-pass, which relieves the pressure 
of an expanding aneurysm by accelerating the flow of blood through it. 
Up to 1932 this operation had been performed some 50 times, and it is 
claimed that pressure symptoms, especially pain, have been relieved, 
and that the danger of increasing growth and rupture has been lessened. 
Babcock suggests that the operation might be attempted for aneurysms 
in other situations. 


Traumatic Arterial Aneurysms 

In the section on arterial injuries(seepage4007) it was stated that both 
penetrating wounds and subcutaneous ruptures of an artery are followed 
by a local extravasation of blood, with the development of an arterial 
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hccmatoma. When the injured artery is large, the wound or rupture 
extensive, and the surrounding tissues loose and plentiful (e.g. in the 
axilla, groin or thigh), a very large amount of blood may be extrava- 
sated rapidly. The result is a diffuse pulsating hcemaloma, quickly 
growing to a huge size, and producing acute or even fatal anaemia. 
At first, a penetrating wound of an artery may communicate with the 
surface, and there may be brisk arterial bleeding. But after a while 
this ceases owing to shifting of overlying planes, clotting, or suture of 
the wound. Jagged incomplete ruptures, such as sometimes complicate 
fractures, and partial transverse wounds often bleed more than longi- 
tudinal wounds or complete ruptures. 

A rapidly enlarging arterial haematoma is in no sense an aneurysm, 
but it is if anything more serious. The extravasation of blood, apart 
from endangering life, exerts severe pressure on surrounding structures, 
and by obliterating the injured artery and collateral vessels it may 
destroy the vitality of the limb. Associated oedema and a marked 
inflammatory reaction over the hsematoma often lead to a mistaken 
diagnosis of cellulitis or abscess. 

When the wound or rupture of the artery is smaller, or the surround- 
ing tissues are firm and closely arranged, extravasation of blood is 
checked and can only proceed slowly. The result is a circumscribed 
pulsating tumour, which develops a definite wall of thick connective 
tissue and laminated clot, and which differs from a true aneurysm 
only in the fact that the sac is not derived from the walls of the artery, 
but from a condensation of surrounding fibrous tissue. This is a false 
or traumatic aneurysm, and represents a clinical entity of surgical 
importance, very common in war-time, but also not infrequently 
encountered in civil life. 

Such traumatic aneurysms occur mostly in the arteries of the limbs, 
since these are particularly liable to injury. The writer has seen them 
in the common femoral, the profunda femoris, the femoral in Hunter’s 
canal, the popliteal, the brachial, and the radial at the wrist. In civil 
life, injuries with broken glass (especially in the wrist and forearm), 
stab wounds, fractures and dislocations, and violent attempts at 
reduction of these, are the most common causes. 

From the point of view of diagnosis, a circumscribed traumatic 
aneurysm presents the same clinical picture as a spontaneous aneurysm, 
except that the patient is often younger, and the cardio-vascular system 
is healthy. The history of trauma and the frequent presence of a scar 
over the swelling facilitate diagnosis. In any case this is rarely difficult, 
as the aneurysm usually develops in an accessible situation. 
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Two further points require mention : A circumscribed traumatic 
aneurysm may start as a diffuse arterial hrematoma, in which extravasa- 
tion becomes arrested and the more distal blood clot is absorbed ; 
the area near the injured artery is ultimately walled off by a fibrous 
capsule, which forms the sac of the aneurysm. The other point is that 
a traumatic aneurysm may not start to develop until weeks or months 
after the arterial injury. In these cases the wound of the artery closes 
after a negligible extravasation, but a weak scar forms, and this yields 
to some vascular strain at a subsequent period, with the gradual or 
rapid formation of a traumatic aneurysm. 

Treatment. 

The treatment of a traumatic aneurysm is essentially operative. 
The patients are usually young and healthy, and the injured vessel is 
often quite free from degenerative changes, and so lends itself to 
restorative operations. There has been considerable difference of 
opinion as to the optimum time for operation. In the Great War, 
German surgeons adopted early operative intervention, but French aud 
British surgeons on the whole favoured delayed interference. 

Actually the time for operation aud the procedure employed will 
depend on circumstances, which vary with each case. Among these 
are: (1) The rate and amount of blood extravasation. When this is 
sufficient to endanger life, operation must be undertaken without delay. 
(2) The condition of the collateral circulation. A rapidly enlarging hema- 
toma may so obstruct the collaterals as to threaten gangrene, and this 
danger can only be overcome by early intervention. On the other 
hand, a circumscribing traumatic aneurysm tends to be associated 
with gradual improvement in the collateral circulation, which may 
constitute a reason for delay. (3) The presence of infection. This should 
postpone any attempt to deal with the aneurysm, unless the surgeon's 
hand is forced by the threat of secondary haemorrhage. (4) The 
condition of the sac and surrounding tissues. In the first day or two an 
arterial injury is easy to repair, but after a few days the tissues become 
infiltrated with fluid and cellular exudate, and are too friable to permit 
of suture. At the end of some weeks, however, the aneurysm becomes 
circumscribed, and the surrounding tissues firmer, while the arterial 
walls are less friable and easier to suture. We can thus conclude that 
the optimum time for operation is either very soon after the injur}', 
or after a delay of some weeks. 

There is no standard operative procedure for traumatic aneurysm, 
aud surgical technique can only be discussed in a general way. The first 
necessity is temporary control of the blood-flow, which is obtained by 
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one of the methods given on page 4083. Absolute asepsis and a thorough 
exposure are equally necessary. The reader is referred to the section 
on arterial ligature (see page 4085) for a description of the best 
methods of approach to various arteries. The actual operative 
procedure will depend on the size of the artery, the nature of the injury, 
the time of the operation, and the changes in surrounding tissues. 

Early operation will be mostly needed for wounds or ruptures of 
large arteries. As there has not been time for the collateral circulation 
to open out, every effort should be made to restore the main channel. 
The incision must be made to give good exposure to the injured artery, 
and need not necessarily be over the haematoma. After blood and clots 
are washed away, the arterial injury is examined and, if possible, 
repaired (see page 4085). Clean incised wounds are easier to suture 
than lacerated ones, particularly if they are longitudinal in direction. 
Complete division or rupture of an artery may be repaired by end-to-end 
anastomosis, but only when this can be effected without tension. AH 
dead spaces should be obliterated, and the incision closed without 
drainage. 

When the injured artery is unimportant there is, of course, no 
necessity to repair it. If completely divided, the two ends should be 
ligatured or closed by suture. A partial division should be completed 
between ligatures, so that the ends can retract. 

Late operation will usually encounter a defmite and circumscribed 
traumatic aneurysm. The treatment of this differs from the treatment 
of a spontaneous aneurysm only in so far as it more frequently lends 
itself to restorative procedures. The repair of the injured artery may 
be undertaken either from within the sac, or outside it ; but it is obvious 
that the sac itself, being completely non-arterial, must not be used in 
reconstructing the artery, except perhaps by reinforcing the arterial 
suture. When the artery has been repaired, the sac is either excised or 
obliterated by sutures ; the second is the better alternative as it does 
not entail injury to surrounding structures. Aneurysms of small 
arteries, however, are best treated by aneurysmotomy or excision, after 
all communicating vessels have been ligated. 

When an injured large artery cannot be repaired, it should be 
treated by complete division between strong ligatures. In such cases 
the question of simultaneous ligation of its accompanying vein should 
be seriously considered (see page 4086). 
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Surgical Treatment of Special Aneurysms 

AORTIC ANEURYSM 

Attempts at radical attack are almost invariably fatal, and although 
sometimes described as heroic, they are not rational procedures. These 
attempts include proximal ligature, distal ligature, and aneurysmo- 
rrhaphy. 

There are three minor or indirect surgical procedures which give 
a fair prospect of temporary relief : 

(1) Paravertebral injections of alcohol into the upper thoracic 
sympathetic ganglia, after preliminary novocaine block, can be expected 
to give complete relief when the aneurysm causes severe pain. In 1 935, 
White reported three cases of painful aortic aneurysm treated in 
this manner, with complete and prolonged relief. 

(2) Insertion of id re through a cannula, with or without galvanic 
or electrolytic currents, has been discussed already (see page 4059), 
and is worthy of trial when the aneurysm reaches the anterior 
thoracic wall. Several cases have been greatly benefited by this 
procedure. 

(3) Arterio-venous anastomosis (see page 40C2) seems to hold out the 
greatest prospect of real relief. It is based on a sound principle and has 
already given some striking results. 

ANEURYSM OF INNOMINATE ARTERY 

Exposure of the innominate artery (see Vol. II, page 1948) is not too 
formidable a procedure for the modem surgeon, who will not hesitate to 
remove part of the clavicle and sternum ; but treatment by proximal 
ligature is only occasionally possible, as the aneurysmal dilatation 
usually involves the adjacent part of the aortic arch. Figure 2213 
shows a case where such ligature was performed, but the aneurysm is 
obviously an early one. The treatment usually recommended is distal 
ligature of its two branches, i.e. the common carotid and subclavian. 
To have any real chance of success, the ligature of these vessels mitt be 
done simultaneously and as close to the aneurysm as possible. Xot 
infrequently, however, the proximal parts of these arteries are distended 
by the aneurysmal process, and the ligatures have to be applied beyond 
an important collateral, such as the vertebral artery. When the carotid 
and subclavian are ligated near their origin there is serious danger of 
cerebral complications and of gangrene of the arm ; while with any 
form of ligature, Babcock has shown that the pressure on the walls of 
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the aneurysm (and thus its rate of enlargement) is increased owing to 
slowing down of the blood current. For these reasons it seems probable 
that the best treatment for an innominate aneurysm is an arterio- 
venous anastomosis between the cardiac ends of the common carotid 
artery and internal jugular vein (see page 4062). 

CAROTID ANEURYSM 

For some unknown reasons aneurysms of the common carotid 
artery (see also Vol. II, page 1942) are almost as common in women 
as in men. The most frequent site is near the bifurcation, aud 
pressure symptoms are usually prominent. The problems of treat- 
ment are complicated by the danger of cerebral damage after sudden 



complete occlusion of the common carotid, whether by ligature or 
other procedure. The incidence of cerebral complications has been 
said to be as much as 2o per cent or more, but it appears to be 
considerably less than it once was. In young people it is usually quite 
safe to ligate the artery above and below the aneurysm, which is then 
excised or obliterated. In patients of over 40, however, it is safer to 
employ gradual occlusion of the artery. This can be done with Halsted’s 
metal bands, or with fascial strips which are tightened in stages. Bell 
and Tillotson recommend that this gradual occlusion be done distal 
to the sac, if possible ; it is certainly true that proximal ligature may 
fail in its object, as it permits reflux of the blood down the external 
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carotid to reach the internal. This, incidentally, may result in embolism 
of the latter. If the common carotid must be ligated below the 
aneurysm, the external carotid shonld be tied as well. 

Gradual distal occlusion may result in a cure. If this does not 
materialise, the collateral circulation beyond the aneurysm may im- 
prove sufficiently to allow of a radical operation later. Perhaps the best 
radical procedure in these cases is obliterative endo-aneurysmorrhaphg. 

Aneurysms of the extra-cranial part of the internal carotid are difficult 
to treat, particularly the erosion aneurysms which sometimes complicate 
tonsillar infection, and which are apt to be diagnosed and incised as 
abscesses. They are very difficult to approach for direct attack, and 
probably the best method of treating them is by ligature of the common 
and external carotid arteries. In 1926, Winslow collected 88 cases of 
internal carotid aneurysm, 43 of which were spontaneous, 18 erosive, 
and 2G traumatic. 

External carotid aneurysms are easily reached and can be dealt with 
by excision. 

SUBCLAVIAN ANEURYSM 

This is almost limited to men, aud occurs on the right side much 
more often than on the left ; both facts suggest that strain may be an 
important causal factor. The treatment presents special problems, the 
most important of which are the anatomical position of the artery, 
behind the clavicle and very close to the pleura and brachial nerves, and 
the danger of gangrene of thearrn following sudden occlusion of the artery. 

Although quite recently Elliot advised proximal ligature , followed 
if necessary by distal ligature, with or without excision of the sac. 
many surgeons would reserve this for cases in which the efficiency of the 
collateral circulation has been proved by previous compression of the 
artery. When the aneurysm involves the first part of the right sub- 
clavian Elliot recommends ligature oj the innominate, after resection 
of the inner end of the clavicle and the adjacent part of the sternum. 
If temporary compression of the artery shows a deficient circulation, 
however, a restorative aneurysmorrhaphy is indicated. (See also 
Vol. II, page 1951.) 

AXILLARY ANEURYSM 

Aneurysms in the axilla involve the distal two-thirds of the axillary 
artery, and the upper part of the brachial (fig. 2214), or some of their 
main branches. They are almost all traumatic in origin, and thev tend to 
enlarge rapidly and to compress the axillary vein and brachial plexus. 

Owing to the immediate proximity of important structures, excision 
of axillary aneurysms is both difficult and dangerous. Ligature, 
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whether proximal or distal, or both, is associated with a very real risk 
of gangrene. For these reasons the intra-saccular procedures of Matas are 
particularly indicated in this situation. Restorative or reconstructive 
endo-aneurysmorrhaphyia the method of choicein definitely circumscribed 
aneurysms, while the obliterative operation will have to be done if these 
are impossible. For an imperfectly circumscribed traumatic aneurysm, 
the sac should be incised, and the wound of the artery repaired by 
lateral suture. 

ILIAC ANEURYSMS 


Aneurysms of the common and internal iliac arteries are very rare, 
but the external iliac artery is not an uncommon site (see fig. 2208). 
Diagnosis is not made until the swelling has grown to a considerable 
size. The simplest treatment is distal ligation, i.e of the common 


Fig 2214 — Traumatic 

ANEURYSM or Till BRACHIAL 
ARTE&Y, WITH ACCOMPANYING 
THROMBOSIS OP THE BASILIC 
VEINS 

{After Hubert A Royaler) 



femoral, but this should not be attempted as it is very likely to lead to 
gangrene. Proximal ligature is difficult, and is best done with a strip 
of fascia. Sometimes obliterative aneurysmorrhaphy can be performed 
successfully, and is undoubtedly indicated whenever possible. 

FEMORAL ANEURYSM 

Ligature of the common femoral artery is too dangerous to the vitality 
of the limb to be permissible nowadays. Aneurysms of the common or 
superficial femoral are mainly traumatic in origin, and are therefore 
particularly suitable for restorative procedures. Sometimes it is possible 
to resect the aneurysm and to restore the artery by lateral or end-to-end 
suture. In other cases a restorative endo-aneurysmorrhaphy may be 
done. But even if an intra-saccular obliteration proves necessary, this is 
less dangerous than ligature. For all these procedures satisfactory 
hemostasis is provided by temporary proximal occlusion of the artery 
with a length of tape. 
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hamorrhage (see also page 5481). The patient often survives the first 
haemorrhage, but recurrences are likely, and any of them may prove 
fatal. Rarely, the aneurysm does not rupture into the subarachnoid 
space, but leaks or ruptures into the cerebrum. 

Pre-rupture diagnosis is essentially in the province of the neurologist, 
and can only be discussed briefly here (see also page 5481 ). The suggestive 
clinical features are : (1) Recurring migraine-like headaches ; (2) involve- 
ment of cranial nerves, especially III, 1 V and VI ; (3) loss of visual acuity ; 
(4) pain in the distribution of the trigeminal nerve ; and (5) occasionally, 
symptoms of VII or VIII nerve involvement, and of cerebellar involve- 
ment. Various combinations of these symptoms occur, most of them 
may be absent, and they may all be occasioned by other intra-cranial 
conditions. Pre-rupture diagnosis is thus extremely difficult, and is only 
occasionally made. In rare cases auscultation of the skull with a stetho- 
scope reveals a bruit. 

Of recent years radiological examination has provided much-needed 
assistance. A stereoscopic X-ray examination of the skull may show 
a rounded shadow near the brain base. Very recently cerebral arterio- 
graphy (see also page 5483) has been attempted on a large scale by 
Moniz of Lisbon, and this promises to be of real value in the diagnosis 
of intra-cranial aneurysms ; by this method about 10 cc. of thorotrast 
is injected into the common or internal carotid, after the artery has 
been exposed under local ana?sthesia. 

The diagnosis of subarachnoid haemorrhage is not difficult, and when 
it occurs spontaneously it is strongly indicative of ruptured intra-cranial 
aneurysm. Often after a sudden strain, or exposure to strong sunlight, 
the patient is suddenly seized with violent pain in the occipital region 
and bank of the neck. The pain becomes excruciating, and is soon 
followed by nausea and vomiting. The patient gradually loses con- 
sciousness, but may not do so completely, and passes into a state of 
cerebral irritation and stupor. The temperature rises to 102 degrees or 
more, and there is photophobia and marked restlessness. Rigidity 
of the back of the neck is a common and important sign, but deep 
tenderness in the nape of the neck is even more constant. Kemig’s 
sign is also generally positive. 

The symptoms and signs are obviously those of meningeal irritation, 
and many so-called cases of sunstroke in this country are doubtless 
examples of ruptured aneurysm. The diagnosis is definitely confirmed 
by lumbar puncture , which yields a deeply blood-stained fluid. 

Surgical Treatment . 

The treatment of spontaneous subarachnoid haemorrhage has so 
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POPLITEAL ANEURYSM 

T his is much the most common site for peripheral aneurysms. It is 
only rarely caused by obvious trauma, and yet trauma of some obscure 
kind is probably often responsible. The aneurysm may be in the 
upper part of the popliteal space, or low down between the gastro- 
cnemii ; in the latter situation it is very liable to lead to gangrene, owing 
to pressure on important collaterals. 

Untreated, these aneurysms usually end in gangrene or rupture. 
They were formerly treated by one or other type of proximal ligature 
(see page 4059), but recently this has been abandoned for more direct 
methods- When possible they should be dealt with by excision, with 
reconstruction of the artery. In cases in which this is not possible, 
ilatas’s obliterative endo-aneurysmorrhaphy finds its most frequent 
and successful application. 

IXTRA- CRANIAL ARTERIAL ANEURYSMS 

Great interest has been aroused, both in this country and in America, 
in the origin, diagnosis, and treatment of arterial and arterio-venous 
aneurysms in the skull (see also pages 4049 and 5498). Arterio-venous 
(carotid-cavernous) aneurysms present very special problems, and are 
discussed in another section (see page 4079). Arterial aneurysms are at 
least as frequent and are certainly more interesting from a neurological 
point of view. 

Although arterial aneurysms may develop in and outside the brain 
in the same way as aneurysms elsewhere, i.e. from arteriosclerosis, 
syphilis, septic embolism (mycotic), and from the erosion of neoplastic 
or infective lesions, the large majority of them are congenital in origin. 
It Is particularly with these congenital aneurysms that we are concerned 
here ; the other varieties arc not as yet of much surgical interest. 

Intra-cranial aneurysms are seen mostly in relatively young patients, 
with otherwise quite healthy arteries. Their usual situation is in the 
arteries of the base, and somewhere near or actually’ in the circle of 
Willis ; the posterior and anterior communicating arteries are favourite 
sites. They are often multiple, may be very small, or as large as a 
walnut, and their spherical shape has given them the name of “ beny 
aneurysms.” Although occasionally growing into the brain, much more 
frequently they lie in the subarachnoid space. 

Their chief surgical interest lies in their tendency to spontaneous 
rupture, with the production of a sudden and severe subarachnoid 



CARDIO-VASCULAR SURGERY 4071 

hemorrhage (see also page 5481). Tlie patient often survives the first 
haemorrhage, but recurrences are likely, and any of them may prove 
fatal. Rarely, the aneurysm does not rupture into the subarachnoid 
space, but leaks or ruptures into the cerebrum. 

Pre-rupture diagnosis is essentially in the province of the neurologist, 
and can only be discussed briefly here (see also page 5481). The suggestive 
clinical features are : (1) Recurring migraine-like headaches ; (2) involve- 
ment of cranial nerves, especially III, IV and VI ; (3) loss of visual acuity; 
(4) pain in the distribution of the trigeminal nerve ; and (5) occasionally, 
symptoms of VII or VIII nerve involvement, and of cerebellar involve- 
ment. Various combinations of these symptoms occur, most of them 
may be absent, and they may all be occasioned by other intra-cranial 
conditions. Pre-rupture diagnosis is thus extremely difficult, and is only 
occasionally made. In rare cases auscultation of the skull with a stetho- 
scope reveals a bruit. 

Of recent years radiological examination has provided much-needed 
assistance. A stereoscopic X-ray examination of the skull may show 
a rounded shadow near the brain base. Very recently cerebral arterio- 
graphy (see also page 5483) has been attempted on a large scale by 
Moniz of Lisbon, and this promises to be of real value in the diagnosis 
of intra-cranial aneurysms; by this method about 10 cc. of thorotrast 
is injected into the common or internal carotid, after the artery has 
been exposed under local anaesthesia. 

The diagnosis of subarachnoid hemorrhage is not difficult, and when 
it occurs spontaneously it is strongly indicative of ruptured intra-cranial 
aneurysm. Often after a sudden strain, or exposure to strong sunlight, 
the patient is suddenly seized with violent pain in the occipital region 
and back of the neck. The pain becomes excruciating, and is soon 
followed by nausea and vomiting. The patient gradually loses con- 
sciousness, but may not do so completely, and passes into a state of 
cerebral irritation and stupor. The temperature rises to 102 degrees or 
more, and there is photophobia and marked restlessness. Rigidity 
of the back of the neck is a common and important sign, but deep 
tenderness in the nape of the neck is even more constant. Kemig'a 
sign is also generally positive. 

The symptoms and signs are obviously those of meningeal irritation , 
and many so-called cases of sunstroke in this country are doubtless 
examples of ruptured aneurysm. The diagnosis is definitely confirmed 
by lumbar puncture, which yields a deeply blood-stained fluid. 

Surgical Treatment. 

The treatment of spontaneous subarachnoid haemorrhage has so 
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far been completely ineffectual. Medical measures do little or nothing 
to arrest the bleeding, or to prevent recurrence. Measures which 
lower the intra-cranial pressure (rectal mag. sulph., intravenous 
hypertonic saline, repeated lumbar puncture, aud decompression opera- 
tions) may relieve cerebral compression, but unfortunately they also 
tend to increase the bleeding. Nevertheless, one may be forced to use 
them when increasing compression of the brain threatens to destroy 
the patient. Fortunately, the hemorrhage ceases spontaneously in 
many cases if the patient is left alone and treated with sedatives; 
but subsequent recurrence is almost certain. 

Surgical attack on the aneurysm has until quite recently proved 
both dangerous and unsuccessful. Ligature of the carotid in the neck 
usually fails to prevent further ruptures, and, owing to the already 
impaired circulation in the skull, entails a grave risk of cerebral com- 
plications, which include embolism. Intra-cranial attack on the 
aneurysm by excision or ligature has proved uniformly fatal. In 1933, 
however, Dott of Edinburgh exposed a leaking aneurysm at the 
origin of the anterior and middle cerebral arteries, through an osteo- 
plastic flap, and packed muscle grafts round it. This stopped the 
bleeding, and the patient, who had had three severe haemorrhages in 
a fortnight, made a complete recovery, and was quite well two years 
later. Dott’s courageous and intelligent procedure opens up a new and 
very promising field in the surgical treatment of this dangerous 
lesion. 

Mention must also be made of Babcock’s suggestion to treat intra- 
cranial aneurysms by an arterio-venous anastomosis (see page 4062). 
The procedure he suggests is an anastomosis between the cranial end 
of the common carotid and the cardiac end of the jugular vein ; the 
object is to diminish the amount of blood reaching the aneurysm, and 
also to provide a channel whereby blood can escape from the aneurysm 
into the heart. We do not know whether this operation has actually 
been performed on a human subject, but it is certainly worthy of trial. 


Arterio-venous Aneurysms 

Any abnormal communication between an artery and a vein is known 
as an arterio-venous aneurysm. The great bulk of cases are traumatic in 
origin, although both congenital and spontaneous groups occur. 
Originally described by William Hunter, in 1757, the lesion was of 



CARD 10- VASCULAR SURGERY 4073 

interest in the last century chiefly as a complication of venesection. 
The occurrence of a large number of cases during the Great War 
reawakened surgical interest, while of recent years this has been largely 
focussed on the treatment of one rather common example of the lesion, 
viz. carotid-cavernous aneurysm. 

Pathology. 

Arterio-venous communications are of two types: (1) Aneurysmal 
varix (figs. 2215 and 2216), in which there is a simple fistulous opening 
between closely adjacent vessels (direct communication) ; and (2) varicose 
aneurysm, in which an arterial hsematoma forms between artery and 


Fig 2216 — Arterio venous aneurysm of external 

CAROTID ARTERY AND EXTERNAL JUGULAR VEIN. 

{Modified Jrom Mont R Reid.) 

vein, and, becoming surrounded by a connective tissue proliferation, 
develops into a false aneurysm, into which both the artery and the vein 
open. Both types are common, although varicose aneurysms pre- 
dominate in the limbs. 

/Etiology. 

More than 90 per cent of cases are trawnatic in origin. Of 447 cases 
collected by Callander, 189 were caused by bullets and shell frag- 
ments, 161 by stab wounds, and 28 by contusions. Arterio-venous 
aneurysms in the limbs are almost always caused by injuries which 
involve both artery and vein simultaneously. Such injuries are either 
lateral wounds or perforations. Carotid-cavernous aneurysms, however, 
usually result from tearing of the artery alone, the common cause being 



Fig. 2216. Section op specimen 
DEPICTED IN Fig. 2215. 
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a fracture of the middle cranial fossa. Fractures are an occasional 
cause in the limbs. 

Congenital cases are rare, and tend to be multiple. The writer has 
recently seen a child of seven with a congenital aneurysm between the 
superficial temporal artery and vein, who had had a similar tumour 
removed from the forearm some years previously. 

Spontaneous cases are rarer still, and are generally produced by 
rupture of an arterial aneurysm into a neighbouring vein. They 
are mostly seen in connection with the aorta aud the great veins near it. 


Morbid Anatomy. 

The sites of election for traumatic arterio-venous aneurysms are 
those in which au artery and vein are enclosed in the same sheath, in 
an exposed position. They are specially common in Scarpa’s triangle, 
the thigh, the popliteal space, the triangles of the neck, the axilla, the 
antecubital fossa, and the cavernous sinus. 

In the course of development of the aneurysm important changes 
occur in the vessels themselves, in the fistula or sac between them, 
and in the local and general circulation. Recent work shows that the 
most important morbid changes are those which affect the heart. 

(1) . Changes in the Vein. Under the unaccustomed arterial pressure 
to which it is subjected, the vein dilates both above and below its 
communication with the artery ; at the same time the venous wall 
becomes hypertrophied or arterialiscd; and tortuous. At first, these 
changes are localised, but gradually the dilatation spreads distally, 
and sometimes proximaliy, until very extensive phlebectases may result. 
At times the venous dilatation proceeds to an almost grotesque degree, 
lhe blood-pressure in the vein may reach 80 or 90 mm. 

(2) Changes in the Artery. Distal to the aneurysm, the arterial 
pressure faUs and the artery becomes contracted, but proximaliy it 

a es ( g. -'-17). In large communications that have existed for 
months or years the proximal dilatation of the artery may be marked, 
an l\ m 7i e ff d f °. r a Cousiderable distance. Degeneration may follow 
f 1 , S / 3 5 P or ^ on > au d even secondary aneurysms have been known 
to develop from it. 


(3) Changes m the Communication. When the communication is a 
smiple fistula (aneurysmal varix) it gradually becomes narrowed by 
a growth of fibrous tissue round it. Sometimes the contraction of the 
fistula proceeds to obliteration aud a natural cure. In the case of 
vancose aneur^ms, the trail of the intervening sac thickens by inercas- 
rng fibrous condensation, while its lining becomes gradually covered by 
endothelium growing from the artery. The sac shoivs little or no 
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tendency to enlarge ; indeed it mostly tends to slirink. The increasing 
size of the “ tumour ” is almost entirely produced by progressive 
dilatation and tortuosity of the vein. Occasionally, an additional sac 
develops from the artery on the side away from the aneurysm. 

(4) Effects on the Local Circulation. The pressure in the vein rises 
to near the arterial level, and there may be definite venous pulsation. 
Distal to the aneurysm there is bound to be a degree of arterial deficiency 



associated with venous stasis. As a result, the nutrition of the part 
suffers, and cedema, atrophy of the skin and muscles, thickening of the 
subcutaneous tissues, and occasionally even gangrene, may develop. 
These changes occur in spite of a very abundant development of 
collateral channels. 

(5) Effects on the Heart and General Circulation. As long ago as 
1913 Osier described two cases of arterio-venous aneurysm in which 
death occurred at an early age from heart trouble. A large number of 
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cases have been published since, which prove conclusively that the 
shun ting of arterial blood into a vein, ichen large vessels are concerned. 
greatly adds to the strain on the circulation and to the work of the 
heart. Proximal to the fistula there is a great fall in diastolic arterial 
pressure, with a compensator)' rise in the systolic pressure. The pressure 
conditions are very simila r to those of aortic regurgitation. In addition, 
there is an increase in the amount of venous blood entering the heart, 
as well as in the total volume of circulating blood. The pulse is rapid 
and develops a water-hammer quality. 

Under this vascular strain the heart begins to dilate. At first the 
dilatation is compensated by hypertrophy, but sooner or later decom- 
pensation sets in and ends in death. The rate and degree of the cardiac 
changes are governed by the size of the vessels and fistula. Removal of 
the aneurysm or closure of the fistula will lead to recovery of the heart, 
provided the change in circulatory conditions is not too abrupt. 
Diagnosis. 

A considerable interval usually elapses beween the causal injury 
and the discover)' of the arterio-venous aneurysm. In part this 
delay may be due to blockage of the fistula by a kematoma or a 
thrombus, which is organised or absorbed later, but it may also 
be accounted for by the absence of noticeable signs at an early 
stage of the aneurysm. In congenital cases many years may pass 
before the patient’s attention is drawn to the lesion ; indeed cases 
are on record where the first symptoms which led to advice being sought 
were those of cardiac decompensation ! 

The outsta nd i ng local signs are the presence of a pulsating lump, 
which is usually quite small, dilatation of reins, and a characteristic 
thrill and murmur. 

The pulsating lump is mostly produced by great distension of the 
vein near the fistula. In varicose aneurysm the sac between the artery 
and vein may abo be palpable, but tends to be obscured by the dilated 
vein. As distinct from arterial aneurysms, the lump is usually small 
or moderate in size, and does not tend to enlarge. 

As a general rule, especially in the lower limb, there is marked 
dilatation of the reins beyond the aneurysm, and not infrequently this 
leads to a wrong diagnosis of varicose veins. The limb suffers" from 
venous stasis, and may show atrophic and hyperplastic changes, 
perhaps proceeding to ulceration. 

The thrill and murmur are absolutely diagnostic. Over the aneurysm 
both are continuous, hut they show systolic intensification. The thrill 
has a definite '* purring ” quality, while the murmur hag been likened to 
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the buzzing of a bluebottle imprisoned in a paper-bag. Both thrill and 
murmur reach their highest intensity at the fistula, where the murmur 
is also at a higher pitch than elsewhere ; this sign assists the exact 
localisation of the fistula in small or deep-seated aneurysms. The thrill 
and murmur are transmitted for some distance, both proximally and 
distally, but away from the aneurysm they lose their continuous nature 
and become rhythmical and systolic ; on compression of the artery 
proximal to the aneurysm, the thrill and murmur disappear. 

General symptoms occur only when fairly large vessels are involved. 
There is usually some tachycardia, with a pulse-rate of SO to 100. 
On compression of the aneurysm, the pulse may become slow and the 
diastolic pressure may rise. This is known as Branham’s sign, and is of 
prognostic importance, as it shows that the heart muscle is not seriously 
affected. The water-hammer pulse and capillary pulsation may be 
present with large fistula). Cardiac enlargement and decompensation 
may be the outstanding symptoms when the arterio-venous fistula is 
between large vessels. 

Differential diagnosis from arterial aneurysm presents no difficulty. 
The absence of progressive enlargement, the presence of a thrill, and the 
continuous nature of the murmur, should settle any doubt. The removal 
of oxygenated blood by aspiration of a vein near the fistula is a patho- 
gnomonic test. The distinction between aneurysmal varix and varicose 
aneurysm can sometimes be made by palpation. Otherwise assistance 
must be sought from radiography. 

Treatment. 

Small arterio-venous aneurysms, particularly when there is no inter- 
posed sac, require no treatment. Even a large aneurysmal varix is 
probably best left alone, unless it is interfering with the local or general 
circulation. On the other hand, most varicose aneurysms, and all 
fistula) which threaten the well-being of the limb, or produce the least 
signs of circulatory or cardiac embarrassment, should be operated on. 

If an operation is performed at the time of the original injury every 
effort must be made to preserve the continuity of the vessels, when 
these are of importance to the vitality of the part. Since the vascular 
injuries are always partial, both the arterial and the venous wounds can 
be repaired by lateral suture. 

Asa rule, however, the case is not seen until some days or weeks have 
passed. Under such circumstances a period of delay is advisable, to 
allow the vessels and other tissues to recover from the initial trauma, 
and also to give time for the development of an adequate collateral 
circulation. 
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The following operative measures are available for the treatment 
of arterio-venous aneurysms: (1) Proximal ligature of the artery; 
(2) proximal and. distal ligature of the artery ; (3) ligature of the vein ; 
(4) quadruple ligature ; (5) ligature of the fistula ; (G) restorative 
procedures; and (7) excision. 

Proximal ligature is dangerous, whether it is near the aneurysm 
or at a distance. In the extremities it is often followed by gangrene, 
while ligature of the carotid for cavernous aneurysm may cause cerebral 
complications. The danger of ligature can be diminished by performing 
partial occlusion (with metal bands), or by employing intermittent 
compression for a period, with the object of enlarging the collateral 
paths. 

Double ligtdure of the artery may be performed for small varicose 
aneurysms, but it is preferable to tie the vein as well. 

Ligature of the vein is of little use. as it merely converts the aneurysm 
into an arterial one. 

Ligature of the fistula may be attempted for an aneurysmal varix 
with a narrow communication, but there is danger of the ligature 
cutting through. 

Quadruple ligature (double ligation of artery and vein) with excision 
of the aneurysm is the best procedure for cases unsuitable for recon- 
structive surgery. This may entail a tedious and difficult dissection, 
but it is safer than quadruple ligature alone, which is very liable to be 
followed by gangrene, .in efficient collateral circulation is. of course. 
vital to the success of these operations, and every effort must be nude 
to improve it by preliminary compression and other measures. When 
the vitality of the part is in doubt, the surgeon h.is no choice but to 
attempt a restorative procedure, even if the chances of a successful 
issue are small. 

Restorative proctilures should be aimed at for all large fistula*. 
An aneurysmal varix is best repaired by opening the vein opposite the 
communication, after provisional arreat of the circulation (*ee page 40S3). 
suturing the fistula from that aspect, and then repairing the incision in 
the vein. When the fistula is wide and short, it mav be wiser to divide 
it from the outside, and then to suture the lateral wounds of the artery 
and vein thus produced (for vascular suture see pa«e 40S4). 

For a varicose aneurysm the ideal procedure is excision of the sac 
and repair of the lateral openings in the artery and vein by suture. 
Tn difficult cases the vein should be excised with the sac, and only the 
artery repaired. When the sac cannot be isolated with safety, some form 
of endo-aneurysmorrhaphy is indicated ; the simplest procedure is to 
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expose part of the sac and open it, and then to suture the arterial and 
venous openings as well as any collaterals, from within the sac. The 
sac itself is obliterated by invaginating sutures. 

CAROTID-CAVERNOUS ANEURYSMS 

This is one of the most common forms of arterio-venous aneurysm ; 
in 1935 Dandy stated that there were over 800 cases in the literature. 
In its cavernous part, the internal carotid artery is separated from the 
blood in the cavernous sinus by a single layer of venous endothelium. 
To produce an arterio-venous fistula, therefore, it is only necessary for 
the carotid artery to give way. More than three-quarters of the cases 
are traumatic in origin, the usual cause being a fissured fracture through 
the middle cranial fossa ; gunshot wounds, and punctures of the orbit 
are occasionally responsible. The remaining cases are either congenital, 
or caused by atheroma or other degenerative arterial disease. 

Clinical Features. 

Symptoms may start soon after the injury, or they may be delayed 
for months. The main features are: (1) Pulsating exophthalmos ; (2) 
a subjective roar , which may be continuous, or mostly systolic, is 
intensified by stooping, and may be diminished by compression of the 
carotid in the neck ; (3) a systolic or continuous bruit, which can be 
heard over the temple, forehead or eyeball ; (4) pain may or may not 
be present, and it may be local or take the form of a widespread 
headache; (5) dilatation of the orbital and perhaps the forehead 
veins ; (6) swelling of the lids and conjunctiva ( chemosis ) ; and (7) 
ophthalmoplegia and optic neuritis, which vary in severity. 

Treatment. 

The aneurysm may be attacked either from the arterial or from the 
venous side ; both methods aim at securing thrombosis in the fistula 
itself, or on one or other side of it, in the hope that this Mill be followed 
by fibrous obliteration of the fistula, and so produce a cure of the 
aneurysm. 

Attack from the venous side lias been carried out by ligature of the 
ophthalmic veins, by diathermy, and by injection of sclerogenic and 
coagulating solutions into the ophthalmic veins. None of these methods 
has proved really successful, although occasional benefit appears to result. 

Arterial attack usually consists of ligature of the common or internal 
carotid in the neck. Ligature of the internal carotid is the better pro- 
cedure, but if the common carotid is occluded the external carotid 
should be ligated also. Unfortunately 15 to 20 per cent of cases treated 
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in this way develop cerebral trouble, which may prove fatal. To prevent 
this, Matas in 1935 advised preliminary intermittent compression, 
which should be done by the patient, or by a team of assistants, and 
continued until long periods of compression produce no cerebral 
symptoms. As an alternative, tbe carotid occlusion may be done 
gradually, by using metal bands which are tightened in stages. 

Carotid ligature always produces an immediate improvement, with 
cessation of the distressing roar, retraction of the eyeball, and improve- 
ment of vision: but in 24 hours some of the symptoms begin to 
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return. Whether permanent relief is obtained or not depends on 
efficient occlusion of the fistula by thrombosis and organisation of the 
clot. Matas states that 40 to 50 per cent of cases are cured, and others 
relieved, but some 30 per cent or so ultimately relapse. 

For relapsed cases after ligature of the carotid in the neck, Dandy 
recommends an iutra-cranial occlusion of the internal carotid by a silver 
clip (fig. 2218), after it emerges from the cavernous sinus and parts 
with its ophthalmic branch. He employs the frontal pituitary approach 
through a trap-door osteoplastic flap, ami has performed the operation 
twice with marked success. The procedure is a distal ligature on the 
Brasdor principle. 
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Cirsoid Aneurysms 

A cirsoid aneurysm is a remarkable development of dilated and 
tortuous vessels, forming a characteristic vascular tumour, which has 
been likened to a mass of pulsating worms. It is mostly seen in the 
seal]), particularly in the distribution of the temporal and frontal vessels. 
The condition is nearly always congenital in origin, but trauma seems to 
play a contributory part in its causation. Although it may start quite 
early in life, some cases do not begin until puberty or later, but 
even these usually develop in a congenital vascular defect, such as a 
nasvus. 

The ‘pathogenesis of this interesting lesion undoubtedly depends on 
the existence of multiple congenital arterio-venous communications. In a 
region so full of blood-vessels as the scalp, it is evident that these fistulae 
will result in what amounts to numerous arterio-venous aneurysms. The 
vessels undergo the changes one might expect (see page 4047). The veins 
dilate, and become tortuous and thick-walled ; they pulsate and are, in 
fact, artcrialised. The arteries also dilate and degenerate, and secondary 
aneurysms develop from them. Owing to pressure-erosion the dilated 
arteries and veins break into one another, with the formation of 
secondary communications. In this manner, a kind of vicious circle is 
produced, more and more vessels are involved, and the lesion increases 
in size and extent, until almost the whole scalp is involved. In the 
worst cases the skull becomes eroded. 

Clinical Features. 

The diagnosis of the condilion presents no difficulties. The mass of 
tortuous, dilated and pulsating vessels cannot be anything but a cirsoid 
aneurysm. The most distressing symptom is a constant humming noise, 
which is very disturbing to the patient, and may lead to nervous 
complications. It is, of course, easily heard on auscultation. Severe 
headache and a sense of heat may also be complained of. 

Treatment. 

An enormous variety of therapeutic procedures have been tried, 
but most of them have ended in failure. This is particularly the case 
with injections of sclerosing and coagulating substances, and with the 
older procedures of cauterisation and elcctropuncture. But it also 
applies to limited ligature operations. 

A small area of cirsoid formation can be completely excised with 
little risk of recurrence. But a large lesion is both difficult and 
dangerous to treat by radical methods, unless these arc conducted in 
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stages designed to lessen the size and vascularity of the mass, prior to 

excision. 

The following procedure for large cirsoids is recommended by 
JlcXealy : the first step is preliminary ligature of the external 
carotid. After a week, this is followed by ligature of main branches, 
such as the superficial temporal, posterior auricular, etc. After another 
week, the large vessels entering and leaving the tumour are tied near 
its edge. These procedures will reduce the size and the intense vascu- 
larity of the tumour to such an extent that excision of the whole mass, 
or of the greater part of it, becomes feasible, and is freed from the 
danger of uncontrollable haemorrhage. 

Cirsoid aneurysms occasionally occur in the limbs, and very rarely 
in the brain. 
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CHAPTER V 


Suture and Ligature of Arteries 

ARTERIAL SUTURE 

Suture of arteries has become a safe and satisfactory operation. The 
reasons for its recent success include reliable asepsis, apposition of 
intima to intima, the use of fine vaselined or oiled silk, and the exercise 
of meticulous care and gentleness. By these means thrombosis can be 
averted, especially in healthy arteries. Arterial suture has revolution- 
ised the treatment of wounds of large vessels, such as the common 
carotid, subclavian, axillary, external iliac and common femoral. It 
also forms an essential part of the operations of embolectomy and 
aneurysmorrhaphy. 

The following rules must be strictly observed: (1) Absolute 
asepsis is essential ; (2) the intima of one side of the wound must be 
brought into accurate apposition with the intima of the other side, and 
no part of the media or adventitia should be allowed to come in contact 
with the blood stream ; (3) the greatest care must be taken to avoid 
injury to the arterial wall, especially to the intima ; (4) the intima must 
be kept moist with citrate solution, and should not be scratched or 
picked up with forceps during the suture ; and (5) the choice of needles, 
sutures, ete., should be governed by the need to avoid thrombus 
formation. 

In the actual technique of suture, the first step is adequate exposure 
of the wounded artery, and the second step is the temporary occlusion 
of the vessel. It is essential that this occlusion be effected without 
inflicting the slightest damage on the arterial wall. For the closure of 
a small punctured wound efficient h<emostasis can be obtained by gentle 
compression of the artery with the fingers of an assistant, or by passing 
a piece of broad tape round the artery and holding it moderately taut. 
For more serious wounds, which will require more time, the best agent 
to employ is a smooth-jawed, rubber-covered artery clamp, with a 
rather weak spring. 

There are two types of arterial suture, lateral suture (see fig. 2219) 
and end-to-end anastomosis (see fig. 2220). In both it Is necessary to 
40S3 
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evert the edges, so that intima is brought into contact with intima. 
This is best done with interrupted mattress sutures, using very fine 
sharp needles, and the finest oiled or vaselined silk. Very fine catgut 
has also been used with success, but it is undoubtedly safer to employ 
silk. The everted edges are then further secured with a few interrupted 
sutures, and the clamp released. 

In end-to-end mtaslomosis for a complete division or rupture of a 
large artery, some difficulty may be encountered in bringing the 
retracted ends together without tension, but unless this can be done the 
operation should be abandoned for ligature. Sometimes a segment of 
the artery may have to be excised because it is extensively bruised, 





or for some other reason (see page 4020). In many cases even 
a wide gap can be bridged successfully by positional relaxation (e.g. 
flexion of the thigh for the femoral artery), or by freeing both ends of the 
artery for some distance by careful dissection. Having obtained an 
easy apposition, the actual anastomosis is greatly facilitated by passing 
three traction sutures at equidistant points, so that when these are 
pulled on the anastomosis is converted into an equilateral triangle 
(fig. 2220). Each side of the triangle is now sewn separately, with 
everting mattress sutures. After release of the artery clamps, the 
suture line must be carefully watched for a few moments, as it may 
be necessary to reinforce it. 

During the performance of arterial suture, provision must be made to 
prevent clot formation. The wound and the lumen of the occluded artery 
may be washed with sodium citrate solution, or the intima of the artery 
at and near the suture should be lightly smeared with sterile paraffin. 
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Exposure and Ligature of Arteries 
GENERAL PRINCIPLES 

Ligature of an artery is mostly needed for the arrest of hwmorrhage, 
which is usually caused by an external wound, accidental or operative ; 
arterial haemorrhage may also be produced by subcutaneous rupture 
of a vessel, or by its invasion in an erosive or ulcerative process. Under 
these conditions the surgical procedure employed for the arrest of bleed- 
ing is always more or less an emergency operation. 

There are, of course, many other indications for arterial ligature. 
Its employment in various forms of aneurysm has been fully con- 
sidered. It is also used in the treatment of toxic goitre, to d immis h 
the size of some tumours, and in the course of many surgical 
operations, e.g. as a preliminary to resections of the tongue, colon, 
uterus, etc. 

The ligature of small arteries is hardly ever done except for the arrest 
of bleeding. When the artery is completely divided, both ends are 
picked up as cleanly as possible (i.e. with a minimum of surrounding 
tissue) by artery forceps, and tied moderately firmly with a reef-knot 
of rather fine catgut. An intact artery which is exposed during an 
operation and which needs division, also an artery which is incompletely 
severed, should be picked up with two pairs of forceps, and divided 
between them ; it is then treated as a divided artery. 

Ligature of a large artery is an important surgical operation, by no 
means free from risk. Classical methods of exposure and ligature are 
now of chief interest to candidates for the operative surgery examina- 
tion, and have been very largely replaced by methods better adapted to 
modem requirements. There are certain principles and general rules 
which govern modem ligature procedures, and which are tabulated 
below : 

(1) Incisions along the anatomical line of an artery do not always 
provide the best access to an injured vessel. In the types of injury 
prevalent in these times (traffic and industrial injuries, and war wounds) 
very free exposure is often needed, since other important structures 
besides arteries will be damaged. The incision must, therefore, be planned 
to provide the necessary exposure for each individual case. 

(2) Arteries should not be tied in continuity , unless the occlusion is 
to be temporary. Ligation in continuity is often followed by absorption 
of the ligature and recanalisation or absorption of the thrombus. 
When an intact artery is to be occluded, it should be tied in two places, 

hi. — s 
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and divided between the ligatures. These should be placed a fair dis- 
tance apart, so that a good cuff projects from each end ; the cuffs 
granulate and develop into firm plugs of fibrous tissue. 

(3) The ligatures should be tied firmly enough to damage ihe intuna 
(otherwise clotting will not occur), but not so as to rupture the media. 
After ligation, thrombosis extends up to the nearest collateral, and 
by organisation converts the artery into a fibrous cord. 

(4) The danger of fracturing the arterial wall is particularly great 
in large arteries, the damage being done by the force of arterial pulsation 
against the tightening ligature, rather than by the ligature itself. In 
such cases there is a real risk of the ligature cutting right through the 
arterial wall, with fatal hemorrhage. To avoid this danger, Reid 
advised (1934) that the artery should be temporarily occluded by prox- 
imal and distal compression during the application and tying of the 
ligature. 

(5) In the occlusion of large arteries non-absorbable ligature material 
should be employed. Catgut may begin to fray and be absorbed before 
the artery is safely consolidated. The thickness of the ligature depends 
on the size of the artery. Fine ligatures cut through the wall more 
rapidly than coarse. Arteries of large size are best tied by Ballance’s 
stay-knot (fig. 2*221). Coarser b'gatures should be used for arteries 
tied in continuity than for a divided artery. 

(6) The blood-flow in the territory of a ligated artery is re-estab- 
lished, in the first place, by vasodilatation of the collaterals. This 
vasodilatation, however, is temporary, and the ultimate fate of the 
ischaemic territory depends on the amount of permanent collateral 
supply which develops in time to keep the tissues alive. It has been 
shown conclusively that resection of a segment of the artery (arteri- 
ectomy) increases the vasodilator response, and so tends to preserve 
the vitality of the ischaemic area. 

(7) Simultaneous ligature of the companion vein also quite definitely 
improves the blood supply of the territory of an occluded artery', and 
should always accompany ligation of a main artery. It acts by “ balauc- 
ing the available circulation, by increasing the capillary tension, and 
by distributing what blood is left in the part. Although this procedure 
was warmly advocated by Matins many years ago, its general accept- 
ance is of very recent date. Experimental work published by' Brooks 
and Johnson in 1934 shows that by simultaneous vein ligature the 
incidence of gangrene was reduced from 29 per cent to 2 per cent. 

(8) In general, a divided artery should be ligatured xchere it is 
bleeding. More proximal ligation may fail to arrest kemorrkage, 
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owing to the presence of collaterals beyond the occlusion. The distal 
end must also be ligatured, whether it is actually bleeding at the time, 
or not ; otherwise it will fill from collaterals and bleed later. 

(9) After completing the ligation, the wound must be closed 
completely, and without drainage. 

GENERAL TECHNIQUE 

Temporary arrest of haemorrhage, if any, has been already effected 
by a tourniquet, direct or indirect pressure, or by some other method 
(see pages 4003 and 4083). The patient or limb is placed in a suitable 



fig 2221 — Stay k>ot for ligation of larce Fig 2222. — Exfoscre for classical ugatcbe op the 
ARTERY. COMMON CAROTID AKTLR1 OR ITS BRANCHES. 


position, the line of the artery visualised, and an appropriate incision 
made. The artery usually lies in an intermuscular space. Recognition 
of the proper interspace is very necessary and requires a good knowledge 
of anatomy. The space is entered into with a scalpel, and must never 
be tom into. Moving the limb helps in both the identification and the 
relaxation of intermuscular spaces. The approach to the artery must 
not be through a shelving wound, since the deep parts require as free 
an exposure as do the superficial tissues. If the depths of the wound 
can be clearly seen, there is no difficulty in finding the artery, or in 
distinguishing it from accompanying veins and nerves. 

The first view of the artery will be through its sheath. This is 
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picked up with toothed forceps and nicked with a fine scalpel on the 
flat. The lifted sheath is then divided for the distance required, and 
the artery freed with a dissector. Classically, the ligature is applied on 
an aneurysm needle, which is passed round the vessel, away from its 
most dangerous neighbour ; with free exposure, however, it matters 
little how the ligature is placed round the artery. "What matters is 
that the artery should he properly freed so that it is ligatured cleanly, 
that the ligature should be properly and securely (but not tightly) 
tied, and that the general principles just enumerated should be strictly 
observed. 

EXPOSURE AXD LIGATURE OF THE LARGER ARTERIES 

Common Carotid Artery (see also Yol. II, page 1942). 

(V) When the intact artery is to be ligated, e.g. for intr a- cranial 
aneurysm, the classical method is quite adequate (see fig 2222). The 
shoulders are raised, a sand-bag is placed under the neck, and the head 
turned to the opposite side. A 3-inch incision is made along the front 
edge of the stemo-mastoid, its centre being opposite the cricoid. The 
external jugular vein is identified and retracted, or divided between 
ligatures. The deep fascia is incised, the steino-mastoid retracted out- 
wards, and the anterior belly of the omo-hyoid looked for and hooked 
down. The carotid sheath is now easily seen. It is opened on its inner 
side, avoiding the ansa, and the common carotid is brought into view 
near its bifurcation. Care must be taken to separate the artery from 
the internal jugular vein, which overlaps it, and from the vagus nerve, 
before applying the ligature. Fascial strips or tape are preferable to 
other ligature materials. 

(2) For gunshot wounds and other injuries implicating the common 
carotid or its branches, a much more extensive exposure will be required 
(fig. 2223). A flap should be raised down to the deep fascia, the incision 
running along the front edge of the stemo-mastoid to the sternum, and 
then along the upper border of the clavicle. The flap is turned back 
and the deep fascia carefully incised along the stemo-mastoid border. 
A finger is passed under the sternal and clavicular heads of the muscle, 
and these are divided an inch or so above their origins. The sterno- 
mastoid is now retracted backwards, and the omo-hyoid hooked down- 
wards. The carotid sheath is thus exposed through its entire length, 
and the common, external, or internal carotid arteries, as well as 
the internal jugular vein, can be dealt with as required. At the end 
of the operation the stemo-mastoid is reconstructed with mattress 
sutures. 
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External and Internal Carotid Arteries. 

(1) For ligature of the intact arteries, the classical method as 
described for the common carotid, will give all the access required. 
By centring the incision on the cricoid, not only the carotid bifurcation, 
but also the origins of the internal and external arteries, are easily 
brought into view. When it is desired to tie the external carotid higher 



Fig . 2223. — Wide eetosuke or carotid \ iaslu for wounds or neck. 

up or to ligate one of its branches (e.g. the lingual, superior thyroid, or 
facial), the incision is made at a slightly higher level. 

After incising the carotid sheath, the jugular vein is freed and 
retracted inwards , and the carotid bifurcation is exposed. The external 
carotid can be distinguished from the internal by the fact that it gives 
branches. Care must be taken not to injure the hypoglossal nerve, 
its descendens branch, or the superior laryngeal nerve which lies 
deep to both carotid arteries. 

(2) For deep wounds high in the neck, in which an injury of one of the 
carotids, or of a large branch, is suspected, a particularly free exposure 
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is essential (fig. 2*2*24). The best incision is one which runs up the 
anterior border of the sterno-mastoid from the cricoid to the mastoid 
process, and then curves back over the latter. The tip of the mastoid is 
detached with a chisel, and pulled back with the stexno-mastoid muscle. 
The posterior belly of the digastric is now seen, freed carefully, and 
divided on a director. A very complete exposure of the upper part of 
the carotid vessels and jugular vein is thus obtained, as well as of most 
brauches of the external carotid. At the end of the operation, the two 



halves of the digastric are stitched together, while the tip of the mastoid 
is re-attached with sutures through the periosteum. 

Subclavian Artery («ee also Yol. II, page 1951). 

The classical methods of ligaturing the subclavian give a very 
cramped approat h particularly in stout and short-necked patients. 
Except for Iwing severe tests of surgical skill, they have nothing to 
recommend them, and are quite unsuitable for the treatment of wounds. 

The modern method entails division of the clavicle and provides the 
exposure which is needed in the treatment of injuries {fig. 2225). The 
patient lies with his shoulder over the edge of the table and a sand- 
hag under his back. The incision is roughly T-shaped, the horizontal 
part just above the clavicle, and the oblique part from near the inner 
end of the first incision, downwards and outwards in a curved manner, 
to the axilla. The pectoralis major is completely divided in the line 
of the oblique incision, and the pectoralis minor is cut across near its 
insertion, after it is hooked up with the finger. The exposed costo- 
coracoid membrane and deep pectoral fascia are now incised up to the 
clavicle. The clavicle is then cleared a little medial to its centre, two 
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holes are drilled through it, and it is divided with a small saw or chisel 
between the drill-holes ; a guard must be inserted under the bone while 
this is done. 

This approach provides a wonderful exposure of a region of the 
utmost importance, and gives access to both the subclavian and the 





Ftff. 2223. — APPROACH TO SVBCLA PUP AND AXILLABT ARTERIES. 

axillary arteries, to their branches, and also to the brachial plexus. Either 
artery can be sutured or ligatured without danger to the pleura, the 
accompanying vein, or the brachial nerves. At the end of the operation 
the shoulder is elevated, and the clavicle wired or sutured. The 
pectoral muscles are then reconstructed with mattress sutures. 

Axillary Artery. 

The first and second parts arc best exposed by the preceding method, 
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although the classical ligature of the first partis* very pretty- examina- 
tion exercise, and deserves a brief description. A curved incision is mad e 
half an inch below the middle two-fourths of the clavicle. The pectoralis 
major is incised through its whole thickness, and the pectoralis minor 
retracted downwards. The costo-coracoid membrane is then divided 
alon^ the upper border of pectoralis minor, care being taken not to 
injure the axillar y vein, which is attached to it. The axillary artery 
is now exposed, with the vein on its inner side, and the brachial cords 
outside and behind it. An aneurysm needle is passed Rom the inner 
side, to avoid the vein. 

The third part of the axillary artery can be exposed by an upward pro- 
longation of the incision for the brachial artery. Care must be taken of 
the basilic vein, which is here joining the brachial reuse comites to form the 
axillary vein, on the inner side of the artery. The cords of the brachial 
plexus are giving off their respective nerves, and are disposed on all 
sides of the artery. They must he identified and hooked oat of the way. 
Brachial Artery. 

The classical approach gives an adequate exposure of the brachial 
arteiy. The arm should be abducted, with the forearm (not the upper 
arm) resting on a small table, while the surgeon sits between the patient 
and the arm. A free incision is made in the line of the artery (middle 
of clavicle to middle of antecubital fossa), between the inner head of the 
triceps, on which the artery lies, and the belly of the biceps, by which 
the artery is overlapped. The biceps is now retracted upwards (towards 
the ceiling), care being taken not to include the artery in the retractor. 
The median nerv e is usually seen first as it is crossing the artery from 
without in : it is freed and pulled out of the way. The artery is then 
dissected away from its accompanying veins, and dealt with. 

Bifurcation of the Brachial Artery and its Branches (fig. 2226). 

Wounds in the antecubital fossa and the upper part of the forearm 
may implicate any one or more of the following arteries : the brachial, 
the ulnar, the radial, the common interosseous, or their branches. The 
freest possible exposure is therefore necessary for arterial injuries in 
this region. The position of the arm is as for ligature of the brachial 
artery. A 4-inch incision is made, starting well above the antecubital 
fossa and to the inner side of the biceps tendon, and curving downwards 
and inwards over the supinator longus. The deep fascia and the semi- 
lunar expansion of the biceps are incised, after ligating the median 
basilic vein. The space between the supinator longus and pronator 
teres is opened up by wide retraction of these muscles, after the inter- 
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muscular interval is defined by running a dissector down it. The end of 
the brachial artery is now seen, with the radial and ulnar arteries arising 
from it, and the median nerve on its inner side. By rotating the hand, 
and retracting more forcibly the muscle which is mostly in the way, 
either main branch can be followed for some distance ; the common inter- 
osseous can also be exposed for the short portion above the hiatus between 
the oblique ligament and the upper edge of the interosseous membrane. 
Iliac Arteries. 

The common and internal iliac arteries should always be exposed by 
the transperitoneal route. The abdomen is opened by a median sub- 
umbilical incision, the patient placed in the Trendelenburg position, 



Fig 2226.— Wide expos cue of arteries is a-ntecubitai. fossa aid cfper third of 

FOREARM. 

and the intestine packed out of the way. The desired artery is easily 
found, the peritoneum over it is incised, and the artery cleared and 
dealt with. The ureter must always be identified, as it crosses the 
bifurcation of the common iliac artery, and runs down the lateral 
pelvic wall in front of the internal iliac vessels. 

The external iliac artery is best approached by a modification of 
Abernethy’s classical extra-peritoneal method: An incision is made 
|--inch above the outer two-thirds of Poupart’s ligament. The external 
oblique aponeurosis is divided, the inguinal canal opened up, and the 
arching fibres of the internal oblique defined and incised near their 
origin from Poupart’s ligament (fig. 2227). The deep epigastric vessels 
are now seen and divided between ligatures. The transversalis fascia 
is exposed in the floor of the wound and is incised, also near its 
vol. nr. — s • 
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attachment to Poupart’s ligament. This exposes the peritoneum, 
which is peeled off the psoas and iliacus with the fingers. The external 
iliac vessels are thus brought into full view (fig. 2228). 

Femoral Artery. 

The common femoral should not be ligatured owing to the grave risk 
of gangrene ; every effort must be made to reconstruct the artery in 
cases of injury, by lateral suture, or even by end-to-end anastomosis. 
When ligature cannot be avoided, the vein should be tied as well. 

Exposure of the superficial femoral (fig. 2229), either in Scarpa’s 
triangle or in Hunter’s canal, is quite easy. The thigh is slightly flexed, 
abducted , and everted. An incision is made in the line of the artery (from 
the mid-point between the anterior superior spine and the symphysis to 
the.adductor tubercle). The fascia lata is divided, and the flat sartorius 



belly identified and retracted ; to expose the artery in Scarpa’s triangle, 
the sartorius is pulled outwards, but in Hunter’s canal a better approach 
is provided by retracting the muscle inwards. In the triangle the artery 
is exposed at once, but in Hunter* s canal it Vies embedded in some areolar 
tissue and roofed over by a fibrous expansion, and a little dissection will 
be needed to bring it into view. 

Arteries in Upper Part of Popliteal Space. 

The femoral artery where it comes through the adductor magnus, 
and the upper part of the popliteal artery, lie very deeply, and a very 
free approach is required to give adequate exposure in this important 
region. The leg is placed on a small table some distance away from the 
operating table, and is held by an assistant, with the thigh abducted 
and everted, and the knee flexed. The surgeon stands between the two 
tables, facing the inner aspect of the thigh. A long incision is made, 
starting at the adductor tubercle and running up along the line of the 
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artery. The sartorius is seen in the front part of the wound ; it is freed 
with the finger and retracted forwards. The adductor magnus tendon is 
exposed in the middle of the wound, with the semimembranosus behind 
it. The adductor magnus tendon is freed from its connections with 
the finger, and retracted well back. The aponeurotic expansion between it 
and vastus internus is thus put on the stretch ; it is carefully incised, and 
retracted, and the femoral artery is exposed in the lower end of Hunter’s 
canal, with the vein behind it. After a little dissection, the artery can 
be followed through the adductor opening, and into the popliteal space. 
Lower Part and Bifurcation of the Popliteal Artery. 

The patient lies prone, and the foot is controlled by an assistant. A 
4-inch vertical incision is made between the two heads of the gastroc- 




nemius, which are identified, separated by dissection, and widely 
retracted. The external saphenous vein and nerve are previously 
looked for and hooked aside. The internal popliteal nerve is now seen, 
and under it are found the popliteal vessels, the artery being the deeper 
of the two. The nerve is gently hooked aside, and the vessels freed by 
dissection until they disappear under the soleus. 

If the surgeon desires to expose the popliteal bifurcation, or the 
origins of the anterior and posterior tibial and peroneal arteries, lie can 
split the soleus on a director (fig. 2230). In this manner an excellent 
exposure is made of these vessels, and any injury of them can be dealt 
with, without incurring the great danger of gangrene which is associated 
with ligation of the popliteal artery itself. 

Posterior Tibial Artery. 

The classical method is another good examination test, but it gives 
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very poor access to the artery. The leg is flexed and rests on its outer 
side. A 4-inch incision is made an inch behind and parallel to the inner 
border of the tibia, down to the gastrocnemius. This is retracted away 
from the tibia, and the soleus is cut through well away from the inner 
edge of the tibia. The artery will be found external to the tibialis 
posticus, and embedded in the transverse intermuscular septum. 

In the modem method , which gives a far better exposure (fig. 2230), 
the patient lies prone, with the foot over the end of the table. A long 
incision is made between the heads of the gastrocnemius and towards 
the medial side of the tendo Achillis. The short saphenous nerve and 
vein are seen and hooked aside. The gastrocnemius is now split between 
its two heads, and these are widely retracted. A finger is then pushed 
up under the soleus, and this is also split down its middle, and retracted. 
An excellent exposure is thus obtained of the posterior tibial vessels, 
as well as of the peroneal artery. 

Anterior Tibial Artery. 

The line of the artery is from a point midway between the head of the 
fibula and the external tuberosity of the tibia, to the mid-point between 
the two malleoli in front of the ankle. An incision is made along the 
line of the artery, which in its upper part lies deeply between the tibialis 
anticus, clothing the tibia, and the extensor longus digitorum, covering 
the fibula. Strong retraction of these muscles brings the artery into 
view. Lower down, the artery becomes superficial and can be reached 
with ease. 

Gluteal and Sciatic Arteries. 

AVounds of the buttock produce a hasmatoma under the gluteus 
maximus, and nothing short of a very free exposure will prove satis- 
factory in dealing with them. AVith the patient lying prone, a curved 
incision is made a little below the iliac crest and down towards the great 
trochanter. This exposes the dense gluteal aponeurosis, which is divided 
in the line of the skin incision. In this manner, the gluteus maximus 
is freed, and can be retracted well back, providing an excellent exposure 
of the pyrifonnis muscle, and of the gluteal and sciatic vessels and 
nerves. The gluteal artery is found above this muscle at its emergence 
from the great sciatic notch, while the sciatic artery is below it, running 
down a little distance medial to the sciatic nerve. 

REFERENCES : 
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CHAPTER I 

Affections of the Lymphatic Vessels 
by 

Rodney Maingot 

In this chapter the following conditions will be discussed : 

(A) Injuries of the Lymphatic Vessels and of the Thoracic Duct. 

(B) Inflammations of the Lymphatic Vessels — Lymphangitis : 

(1) Acute; (2) Chronic. 

(C) New Growths of the Lymphatic Vessels — Lymphangiomata : 

(I) Capillary ; (2) Cavernous; (3) Cystic Hygromata. 

INJURIES OF THE LYMPHATIC VESSELS 

With every surgical incision some lymphatic vessels are necessarily 
severed, but there is no noticeable discharge of lymph unless a large 
vessel or lymphatic trunk, such as the thoracic duct, is cut, a lym- 
phangioma or cyst is incised, or an incision is made into an area where 
there is marked lymphatic obstruction, such as may occur in cases of, 
elephantiasis. 

Except in cases of an ordinary skin incision, there will, in each of the 
instances mentioned, be a discharge of lymph ( hjmphorrhcca ), and where 
the thoracic duct is severed a lymphatic fistula may result. In the 
majority of cases, however, there is a cessation of the discharge as soon 
as healing of the wound takes place and new lymphatic vessels form. 

INJURIES OP THE THORACIC DUCT 

(A) In the Neck 

The thoracic duct may terminate in several branches w hich open separately 
into the internal jugular and subclavian veins. When in the form of a single trunk, 
the duct will often be seen to enter the posterolateral aspect of the union of these 
two large veins on the left side of the neck (fig. 2231). The right lymphatic duct 
may end as a single trunk and join the right subclavian vein, or it may take the 
form of several branches which open separately into the internal jugular and right 
subclavian veins. Division of the right lymphatic duct may occur during the 
performance of operations upon the neck, hut is, as a rule, of no particular con- 
sequence. 
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Causes of Injury. These fall into four groups : 

(1) Operations upon the neck : (a) for tuberculous glands ; ( b ) for 
malignant glands ; (c) for substemal goitre ; (d) for thymic tumours ; 
(e) for cystic hygromata ; and (/) for phrenicectomy. 

(2) Gunshot wounds, stabs, rapier thrusts, etc. 

(3) Fractures of the sternum or clavicle. 

(4) Compression or erosion due to growth. 

Resulls of Injury. Following rupture or division of the thoracic 
duct in the neck there is a free discharge of clear limpid or milky fluid 



— chylorrhcea. Where the thoracic duct is present as a single trunk and 
this is severed, the results may be disastrous through loss of chyle, 
and may cause the patient to die from inanition. In cases of profuse 
chylorrhcea following such an accident there is marked thirst, progressive 
loss of strength, rapid emaciation, cyanosis and collapse, sometimes 
leading to an earl}' fatal issue unless prompt and effective measures are 
taken to arrest the flow of lymph. Where the duct is composed of 
several branches and all of these are inadvertently cut, the same 
grave results will inevitably follow. Such an occurrence is, however, 
happily very rare, the more frequent accident being the severance of 
one or two of the main branches, causing a discharge which soon ceases 
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without producing much, if any, ill effect. If such an accident passes un- 
detected at the time of operation it will later be evidenced by one of two 
conditions : (1 ) A gradually increasing cystic swelling in the neck; or (2) 
a lymphatic fistula accompanied by a profuse discharge of milky chyle. 

Treatment. This depends upon whether the injury is recent or old. 

(1) When the injury is recognised during the performance of an opera- 
tion, both ends of the duct should be identified and ligatured. Likewise, 
if more than one large lymphatic vessel is cut, the individual ends of 
each should be picked up and tied. The surgeon who is anatomically 
minded will realise that ligature of the distal end of the duct is unneces- 
sary, as the presence of valves at its termination will prevent auy 
possibility of reflux. Theoretically, the ideal measure is to isolate the 
distal end of the duct and to anastomose it to the cut end of the external 
jugular vein or to the side of some large adjacent vein ; but in practice 
this operation, although it has been successfully performed on a few 
occasions, is often rendered difficult or even impossible owing to the 
small calibre of the thoracic duct. 

(2) When a cystic swelling appears subsequent to an operation upon 
the lower part of the neck, and probing shows its contents to be chylous 
in nature, there are two methods which are commonly employed for 
arresting the flow of chyle. In the first, the patient is given large quan- 
tities of cream for a few days prior to operation, so that when the wound 
is reopened the welling up of white viscous chyle from the severed end 
of the duct will indicate the point of severance and permit of its being 
clipped and tied. The wound is then partly closed and drained. By 
the second method, the wound is reopened and tightly packed with 
gauze soaked in glycerine, firm pressure being applied to the area by 
means of a stout sorbo pad over a thick dressing of gamgee tissue. 

(3) When a lymphatic fistula follows an operation upon the neck, 
the wound should be reopened and packed, and pressure applied. 

(B) In the Thorax 

Maenab and Scarlett have given the following classification of the 
causes of chylolhorax : 

(1) Trauma. 

[a) External violence : 

(i) Closed trauma (there being no external wound or 
fracture), e.g. by falls from a height, run-over accidents, 
crushing between cars, buffer accidents, a weight failing 
upon the back, etc. 

(ii) Trauma with fractured ribs, clavicle or vertebra;. 
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(6) Operative wound : 

(i) Duct completely severed. 

(ii) One or more terminals cut. 

(c) Gunshot wound. 

(rf) Stab wounds, self-inflicted or otherwise. 

(2) New Growths and Granulomala, e.g. carcinomata, lymphosar- 
comata, or tuberculous mediastinal glands, producing obstruction of 
the duct by pressure from without and leading to rupture. 

(3) Thrombosis of the Left Subclavian Vein. 

(4) New Growths of the Duct itself. 

(5) Perforating Lymphangitis. 

(6) Aneurysm of the Duct. 

(7) Cirrhosis of the Liver. 

(8) Filariasis. 

In a general way it may be stated that roughly half the cases of 
ckylothorax result from spontaneous rupture of the thoracic duct 
following obstruction or compression by new growth or tuberculous 
disease of the mediastinal glands, and the other half from trauma. 

TRAUMATIC CHYLOTHORAX 

This is a rare condition, there being less than 100 cases recorded to 
date. It is associated with the high mortality of 50 per cent, the survival 
of the remainder being attributable to the existence of a very liberal 
system of collateral vessels and anastomoses throughout the entire 
course of the duct. In most instances rupture occurs, on the right side, 
as the lower portion of the duct lies on this side of the body, being 
shielded on the left by the cushion of the aorta. 

Clinical Features. On admission the patient is found to be suffering 
from shock, generally as a result of some injury’ to the back. He will 
gradually recover from the initial shock, and for a period varying from 
2-6 days will appear to be progressing favourably', although hunger 
and thirst may be unduly pronounced. There are no characteristic 
early signs apart from those which are the direct outcome of the 
accident. At the end of a few days, however, there is nearly ahray's a 
most dramatic change in his condition, and this usually coincides with 
the appearance of the chylothorax. The patient suddenly sinks back 
in bed in a semi-conscious state, gasping for breath and drenched in 
a profuse cold sweat. He may be pallid or slate-blue in colour, and lies 
motionless with half-closed glassy eyes. The pulse is racing, thready 
and weak, and the urine is scanty and loaded with acetone bodies. 

On examination of the chest, signs of a pleural effusion, usually 
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affecting the right side, will be found. When this fluid is aspirated 
to relieve distress, its creamy character will at once proclaim the 
diagnosis. The frequent tappings of the chest and the withdrawal 
of large quantities of milky lymph will for a time add considerably to the 
comfort of the patient, and effect some improvement in his general 
condition. If, after a few days, the fluid continues to accumulate, the 
prognosis becomes exceedingly grave, and in the majority of cases 
hopeless. There will soon be marked progressive loss of weight, pro- 
found weakness, and insatiable thirst, all directly due to the lyrnpho- 
rrhoea. These cases become gradually worse and eventually die of 
exhaustion. If, on the other hand, the amount of pleural fluid which 
has to be withdrawn steadily decreases and the patient’s general con- 
dition improves, it is clear that the flow of lymph is being diverted 
through other channels, that the breach in the thoracic duct is becoming 
closed, and that a normal flow of chyle is being re-established. 

It will thus be found that in these cases of traumatic chylothorax 
it is often possible to recognise four distinct phases in the clinical 
picture : (1) The stage of shock, as a result of the accident ; (2) The 
stage of recovery from shock — the latent period ; (3) The stage of 
profound collapse ; and (4) The stage of either asthenia and inanition 
leading to death, or of recovery. The latent period, i.e. the time which 
elapses between the initial injury aud the onset of sudden collapse 
and pleural effusion — usually 2-C days — is the most characteristic 
feature in the clinical history. It may be noted that before the fluid 
in the chest is aspirated, a provisional diagnosis of hsematothorax is 
frequently made. 

It is a remarkable and interesting fact that the effusion never occurs 
immediately after the injury. According to Macnab and Scarlett the 
abrupt onset and the gravity of the symptoms suggest a condition of 
anaphylactic shock. They write : 

“ In our opinion the resemblance between this condition and that developing 
as the result of spontaneous pneumothorax is suggestive. One could account 
for the degree of shock on the basis of an abrupt disturbance of the pressure rela- 
tions existing in the thoracic cavity with partial collapse of the lung due to the 
sudden release into the pleural space of chyle which previously had been protected 
in the parapleural tissues.” 

Prognosis. As already stated, in these cases the chances of recovery 
and of death are about equal. There are two causes of death : 

(I) Immediate, due to suffocation and heart failure ; and (2) Reiwile, 
the result of inanition through the loss of nutrient material normally 
carried to the subclavian vein by the thoracic duct. 
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(6) Operative wound : 

(i) Duct completely severed. 

(ii) One or more terminals cut. 

(c) Gunshot wound. 

(rf) Stab wounds, self-inflicted or otherwise. 

(2) Aew Groicths and Granulomaia, e.g. carcinomata, Iymphosar- 
comata, or tuberculous mediastinal glands, producing obstruction of 
the duct by pressure from without and leading to rupture. 
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(4) A'eir Groicths of the Duct itself. 
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(6) Aneurysm of the Duct. 
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In a general way it may be stated that roughly hal f the cases of 
ehylothorax result from spontaneous rupture of the thoracic duct 
following obstruction or compression by new growth or tuberculous 
disease of the mediastinal glands, and the other half from trauma. 

TRAUMATIC CHYLOTHORAX 

This is a rare condition, there being less than 100 cases recorded to 
date. It is associated with the high mortality of 50 per cent, the survival 
of the remainder being attributable to the existence of a very liberal 
system of collateral vessels and anastomoses throughout the entire 
course of the duct. In most instances rupture occurs on the right side, 
as the lower portion of the duct lies on this side of the body, being 
shielded on the left by the cushion of the aorta. 

Clinical Features. On admission the patient is found to be suffering 
from shock, generally as a result of some injur}' to the back. He will 
gradually recover from the initial shock, and for a period varying from 
2-6 days will appear to be progressing favourably, although hunger 
and thirst may be unduly pronounced. There are no characteristic 
early signs apart from those which are the direct outcome of the 
accident. At the end of a few days, however, there is nearly always a 
most dramatic change in his condition, and this usually coincides with 
the appearance of the ehylothorax. The patient suddenly sinks back 
in bed in a semi-conscious state, gasping for breath and drenched in 
a profuse cold sweat. He may be pallid or slate-blue in colour, and lies 
motionless with half-closed glassy eyes. The pulse is racing, thready 
and weak, and the urine is scanty and loaded with acetone bodies. 

On exa mina tion of the chest, signs of a pleural effusion, usually 
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affecting the right side, will be found. When this fluid is aspirated 
to relieve distress, its creamy character will at once proclaim the 
diagnosis. The frequent tappings of the chest and the withdrawal 
of large quantities of milky lymph will for a time add considerably to the 
comfort of the patient, and effect some improvement in his general 
condition. If, after a few days, the fluid continues to accumulate, the 
prognosis becomes exceedingly grave, and in the majority of cases 
hopeless. There will soon be marked progressive loss of weight, pro- 
found weakness, and insatiable thirst, all directly due to the lyznpho- 
rrhcea. These cases become gradually worse and eventually die of 
exhaustion. If, on the other hand, the amount of pleural fluid which 
has to be withdrawn steadily decreases and the patient’s general con- 
dition improves, it is clear that the flow of lymph is being diverted 
through other channels, that the breach in the thoracic duct is becoming 
closed, and that a normal flow of chyle is being re-established. 

It will thus be found that in these cases of traumatic chylothorax 
it is often possible to recognise four distinct phases in the clinical 
picture : (1) The stage of shock, as a result of the accident ; (2) The 
stage of recovery from shock — the latent period ; (3) The stage of 
profound collapse ; and (4) The stage of either asthenia and inanition 
leading to death, or of recovery. The latent period, i.e. the time which 
elapses between the initial injury and the onset of sudden collapse 
and pleural effusion — usually 2-G days — is the most characteristic 
feature in the clinical history. It may be noted that before the fluid 
in the chest is aspirated, a provisional diagnosis of haomatothorax is 
frequently made. 

It is a remarkable and interesting fact that the effusion never occurs 
immediately after the injury. According to Macnab and Scarlett the 
abrupt onset and the gravity of the symptoms suggest a condition of 
anaphylactic shock. They write : 

“ In our opinion the resemblance between this condition and that developing 
as the result of spontaneous pneumothorax is suggestive. One could account 
for the degree of shock on the basis of an abrupt disturbance of the pressure rela- 
tions existing in the thoracic cavity with partial collapse of the lung due to the 
sudden release into the pleural space of chyle which previously had been protected 
in the parapleural tissues ." 

Prognosis. As already stated, in these cases the chances of recovery 
and of death are about equal. There are two causes of death : 

(1) Immediate, due to suffocation and heart failure ; and (2) Remote, 
the result of inanition through the loss of nutrient material normally 
carried to the subclavian vein by the thoracic duct. 
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Treatment. This may be briefly outlined as follows : 

(1) Treatment of shock and of any injury, e.g. fracture of the 
spine ; (2) Repeated aspiration for the relief of distressing symptoms 
such as dyspneea. Aspiration will usually be necessary twice a day 
owing to the large amount of fluid which rapidly accumulates in the 
chest ; (3) A quantity of the aspirated chyle may be diluted and 
injected intravenously by the slow drip method in order to combat 
the rapid emaciation which accompanies the chylorrhcea, but this 
measure is of doubtful value ; (4) Large quantities of fluid rich in 
carbohydrates should be given, but fats are forbidden ; and (5) Thora- 
cotomy is sometimes performed to create a continuous atmospheric 
pressure ; it may also be indicated when aspiration would appear to 
be necessary more than two or three times a day in order to relieve the 
distressing symptoms of suffocation. If thoracotomy is performed, any 
clots or conglomerations of sticky gelatinous chyle must he removed 
at the same time. 

The success of treatment depends almost entirely upon there being 
a sufficient number of collateral channels in the course of the duct in 
the thorax. If, happily, the collateral circulation at length becomes 
established, recovery of the patient is almost assured. 

(C) In the Abdomen 

The causes of chylous ascites and of retroperitoneal extravasation of 
chyle are similar to those already enumerated under chylothorax, and 
may be classified as follows : 

(1) Congenital, e.g. distension and rupture of the thoracic duct 
proximal to a stricture. 

(2) Acquired : 

(а) Trauma, such as may result from run-over accidents, 
fractures of the spine, acute hyperextension of the infant's 
trunk during parturition, gunshot wounds, stabs, or follow- 
ing excision of large retroperitoneal tumours, etc. 

(б) Rupture due to over-distension, as the result of compression 
or blockage of the duct by neoplastic tumours, tuberculous 
glands, or lymphadenomatous masses. 

(c) Diseases of the duct itself, e.g. cancer or aneurysm. 

(d) Filaria. 

(e) Secondary to cirrhosis of the liver, cardiac disease, nephritis, 
or amyloid disease. 

Clinical Features. In the congenital cases difficulty in parturition 
may be experienced on account of the marked distension of the infant’s 
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abdomen. Wegner, who has reported a case in which the baby presented 
a sorry spectacle, writes : 

“ He had the largest abdomen I have ever seen in an infant of his age. He 
made one think of a toy rubber balloon to which are attached a paper head and 
dangling paper arms and legs. The scrotum bulged irregularly and was so distended 
that the penis was buried by it. It contained fluid which was easily forced into the 
abdominal cavity. The abdominal walls were tense ; tbe cavity was filled with 
fluid. The enlargement was symmetrical. The intra-abdominal pressure had 
forced the diaphragm upward, displacing the lungs and heart, and spreading tho 
lower ribs. Excepting the abnormalities described, and the fact that the child was 
quite pale, he seemed to be normal.” 

In the acquired cases there is a gradually increasing distension 
following some injury to the lower portion of the spine or the abdomen, 
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or associated with some chronic intra-abdominal disease such as lymph- 
adenoma. When the abdomen is tapped, the milky nature of the fluid 
will establish a diagnosis of chylous ascites. In certain cases it may be 
of academic interest to submit the ascitic fluid to cytological and 
chemical investigation in order to determine whether the condition 
present is one of true chylous or pseudo-chylous ascites (Quincke), 
but the findings will have no influence upon the method of treatment 
to be adopted. 

On paracentesis, several pints or even gallons of chyle will be with- 
drawn from the abdomen, after which, in cases due to growth or granu- 
lomatous masses, tumours may be felt on examination of the abdomen. 
The fluid rapidly re-a ccumulates, re-distending the abdomen, bulging 
the flanks, and pushing up the diaphragm so that the heart’s action 
is embarrassed and there is difficulty in breathing. Owing to the 
repeated tappings which are necessary to relieve this distension and the 





Southey tube, and laparotomy followed by washing out the peritoneum, 
have been practised, but are of no permanent value. In congenital 
chylous ascites, however, or where the patient has received some 
injury from which he is slowly recovering but which has caused intra- 
peritoneal rupture of the duct, the establishment of venous peritoneal 
anastomosis is well worth a trial. This is performed as follows : 
Assuming that the operation is being undertaken on the left side, 
a small low-placed vertical incision is made at the outer border of 
the left rectus muscle, all tissues being divided down to the parietal 
peritoneum, which is then picked up and incised for a distance of one 
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inch, each edge of the peritoneum then being clipped with a hsemostat. 
Another incision, commencing one inch below the inner third of the 
inguinal ligament and extending downwards for three inches or more 
on the antero-medial aspect of the left thigh, is made over the course of 
the internal saphenous vein (see fig. 2232). This vein is identified, isolated 
from the saphenous opening, and freed downwards for a distance of 
about three to three and a half inches, its tributaries being divided 
close to the vein and ligatured with fine plain catgut. The lowest 
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portion of the saphenous vein that has been freed is underrun with an 
aneurysm needle and ligatured with catgut. The portion of vein just 
proximal to this ligature is then clipped with a liannostat and divided 
with a scalpel, after which it is led through a subcutaneous tunnel 
which has been specially made for the purpose, and winch extends 
from the top of the lower incision to the distal end of the upper incision 
(fig. 2233). The end of the vein is then split for a distance of a quarter 
of an inch and drawn through a small opening in the peritoneum medial 
to the original incision, and the two portions of the divided vein are 
stitched with fine catgut to the parietal peritoneum in the manner 
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depicted in figure 2*234. Both parietal and femoral incisions are then 

closed in the usual manner. 

The success of this operation, which may at times be spectacular, 
depends upon scrupulous attention to many minor but important points 
in technique. Thus, the portion of the saphenous vein selected must 
not be bruised or damaged in any way, either with the fingers or with 
instruments, during the process of freeing it from the thigh, as this will 
lead to endophlebitis with subsequent clotting and obliteration of the 
lumen of the vein ; it must not be kinked at its point of junction with 
the femoral vein ; there must be no undue ..nsion or stretching of the 
segment of vein between its two points of attachment ; chilling of 
the vein must be prevented by playing a jet of warm saline on it during 
the whole course of the operation ; and, finally, the tunnel which is made 
in the subcutaneous tissues must be of dimensions adequate to accom- 
modate the vein without unduly compressing it. If these precautions 
are observed, the operation should not infrequently prove successful. 

INFLAMMATIONS OF THE LYMPHATIC VESSELS— LYMPHANGITIS 

Infection of the lymph vessels may be acute or chronic. 

( 1 ) Acute Lymphangitis. 

This is an acute inflammation of the lymphatic vessels due to infec- 
tion with pyogenic micro-organisms, usually streptococci, although 
staphylococci or mixed infections or their toxins are sometimes respons- 
ible. The invading organisms usually gain entrance to the lymphatic 
vessels through pricks or abrasions in the skin or mucous membrane, 
or through small cuts, dirty contused wounds, infected sores, furuncles, 
etc. In a number of cases the primary breach in the skin is completely 
healed, covered by a scab, or difficult to identify, although at other 
times the focus of infection is obvious. 

“ Acute lymphangitis is characterised by a tenderness along the course of the 
main lymphatic trunks situated between the infected wound and the nearest group 
of lymph nodes. In severe cases a red line will be seen, in the case of the upper 
limb r unnin g along the front of the forearm and upper arm to terminate in the 
axilla. The red line may not, except perhaps in the most severe cases, be con- 
tinuous, but only seen as an interrupted line and sometimes as a diffuse oue. The 
actual cause of this lymphangitis is not clear. Infection may spread from the 
primary lesion to the lymphatic gland by an embolus, the lymphatic vessels 
themselves escaping disease, but in those cases where lymphangitis is present, 
inflammation of the walls of the lymphatic vessels most be due either to the 
presence of organisms actually growing in the lymphatic vessels or due to the 
irritation by exotoxins manulactured at the site of the primary lesion. It seems 
reasoi able to suppose that the former is the case, the organisms growing along the 
main lymphatic trunks by a process of permeation similar to that of cancer cells. 
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differing, however, in the extreme speed with which pyogenic organisms multiply. 
This statement is borne out by the frequent occurrence of abscesses in the cellular 
tissue along the course of the main lymphatic trunk. The red line is, in fact, due 
to peri-lymphangitis or inflammation of the cellular tissue in immediate contact 
with the lymphatics. It is probable that when a red line is present, whether due 
to exotoxins carried by the lymphatic stream or to the actual presence of organisms 
growing alcng the lymphatics, the lymphatic vessel itself becomes occluded, 
and this adds to the inflammatory oedema which is a characteristic feature of the 
condition. Localised abscesses in tbc peri-lymphatic cellular tissue are due to 
leakage of the organisms from the lymphatic wall at a place where the inflam- 
mation due to their presence has destroyed it.” (Harold Edwards.) 

The effects of the infection naturally depend upon the virulence of 
the infecting agent and the resistance of the patient. The majority of 
cases rapidly respond to treatment, but a few may develop acute 
fulminating septicaemia, particularly patients who are very debilitated 
and those who are suffering from diabetes, chronic nephritis, or tuber- 
culosis. General or constitutional disturbances may be absent or 
negligible, but where the disease is eager in its course the patient will 
complain of shivering attacks, a burning pain in the affected area 
profound depression, intense headache, anorexia, nausea and vomiting 
The danger signals are a rapidly mounting temperature, a running 
pulse, a flushed face with bright attentive eyes, dry parched lips and 
tongue, and excitable speech, together with a rapid spread of the local 
infection, leading in some cases to delirium, collapse, coma, and 
eventually to death. 

Treatment As every patient with acute lymphangitis may possibly 
develop septicemia, a serious view must be taken of each individual 
case, and treatment be instituted at once on the following lines : 

If the primary focus of infection is limited to a small circumscribed 
area, it may be ignored, excised or cauterised. If, however, there is 
an extensive septic area, it is best left severely alone after free painting 
with a strong antiseptic solution, such as tinct. metaphen (Abbott), or 
dressing with a reliable antiseptic ointment made up as follows : 

Phenol .... 1 per cent. 

Salicylic acid . . .2 per cent. 

Camphor . . .3 per cent. 

Pure lanoline to { 02 . 

If a limb is affected it must be kept completely at rest, splinted and 
elevated, the most comfortable splint being of the gutter type made of 
plaster-of-Paris. If the lymphangitis is limited to a small area, say, 
to that of a finger or the dorsum of the hand, strapping firmly and 
evenly with clast oplast — the occlusive form of treatment — is well 
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worthy of a trial. Usually, however, large hot compresses of magnesium 
sulphate in glycerine (20 per cent) are applied, not only to the area 
immediately affected but to the part well above and below the lesion. 
These compresses should be changed frequently, and be covered with 
thick layers of gamgee tissue over which jaconet is placed, and the whole 
dressing lightly bandaged. A pad of antiphlogistine, J-inch thick and 
of appropriate size, is one of the best applications. Raised to a tempera- 
ture as high as can be borne with comfort, it retains its heat for a 
considerable time and need not be changed more than twice a day. 

Under no circumstances should incisions be made into areas of 
lymphangitis or subcutaneous cellulitis unless it is clear that there are 
definite local collections of pus which require to be evacuated. The 
making of multiple small incisions into an area of spreading infection 
in the skin is to be deprecated, as these incisions have no effect in arrest- 
ing the progress of the disease, the drainage afforded is minimal, and 
the natural barriers to the infection may be broken down, leading to 
the entry of organisms into the general circulation. 

As the invading organism is nearly always the streptococcus, 
polyvalent anti-streptococcal serum andjor anti-scarlatina serum should 
be injected. The initial dose of either of these sera should always be 
large. It is far better to inject a total amouutof 50 cc. of polyvalent anti- 
streptococcal serum intramuscularly, or intravenously (but very slowly) 
diluted with one pint of normal saline, or 30 cc. of anti-scarlatina 
serum similarly diluted if given intravenously, than to give, say, 
10 cc. daily for 5-0 days. Daily intravenous injections of hydrarg. 
pcrchlor., 0 ' 2 — j* gr., of arsenic in the form of N.A.B., or of mercuro- 
chrome for two to four doses may be tried, but in my experience they 
have not proved to be of much value in cases of frank septicaemia. 
During recent months prontosil (Bayer) has been extensively used in 
the treatment of streptococcal infections, aud, on the whole, the 
results obtained appear to be encouraging. This substance is avail- 
able in three forms : (1) Prontosil soluble (for injection) ; (2) prontosil 
red tablets ; and (3) prontosil album (the sulphonamide preparation). 
All are closely interrelated chemically, the first two being azo dye 
compounds. They have in vivo action against haemolytic streptococcal, 
aud possibly other, infections not yet fully explained. Reference to 
their clinical use may be found in the articles by Leonard Colebrook 
and others in the Lancet of June 6th, 1936, and elsewhere. According 
to the severity of the condition, the patient should receive daily 
intramuscular injections of up to 40 cc. (in exceptionally severe cases 
more) spread over twenty-four hours. The injections are continued 
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until the temperature falls and the pulse-rate approaches normal 
Treatment may conveniently he continued with tablets, 1-2 well 
chewed up and taken with plenty of fluid three times a day, for 4-5 
days after the temperature has fallen to normal. The prontosil red 
tablets, which were originally used in Dr. Colebrook’s work, may be 
replaced by prontosil album, which is non-staining. At present, 
however, clinical evidence is not available to enable us to say which 
of these two oral drugs is the more satisfactory. Cyanosis may follow 
the use of prontosil in cases of renal or hepatic insufficiency. 

In grave cases the patient should be ordered large quantities of 
fluids, i.e. 6-10 pints each day, and in certain instances this should 
be supplemented by intravenous or rectal salines. An easily assimil- 
ated diet rich in vitamins and sugar is also prescribed. 

When the acute affection has subsided, the aneemia which may 
result may be counteracted by means of adequate doses of ferri et 
ammon. cit., e.g. 30—45 grs. fc.d.s., and the healing of the drainage wound 
(if any) accelerated by a course of artificial sunlight. Radiostoleum or 
some similar concentrated vitamin preparation may be given during the 
acute stages, and may be continued during the period of convalescence. 
When healing has occurred, it is essential that the patient should be 
sent away for convalescence before resuming work. 

(2) Chronic Lymphangitis. 

Chronic simple (pyogenic) lymphangitis is commonly a sequel to 
an acute attack. In such cases the lymphatic vessels may feel like 
long thin cords running under the skin. There may also be an 
associated oedema of the affected part. 

Syphilitic lymphangitis is well seen in cases of Hunterian chancre, 
where the indurated lymphatic strands can be seen and felt travelling 
from the sore on the penis to the enlarged, shotty inguinal glands. 

Tuberculous lymphangitis is occasionally seen in association with 
tuberculous ulcers of the skin. The infection spreads along the lym- 
phatic vessels which become hard, swollen, beaded, and somewhat 
tender. The nodules which form here and there in the line of the involved 
lymphatics may soften, break down, and discharge thin pus, giving 
rise to a chronic ulcer which has undermined edges and a base lined with 
pale pink watery granulation tissue. The skin surrounding these 
ulcers is often involved in the infection, and presents a shiny purple- 
or mauve-coloured appearance. Very often wide excision with the 
cautery is the only successful treatment for such cases. 
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INNOCENT NEW GROWTHS OF THE LYMPHATIC VESSELS — 
LYMPHANGIOMATA 

These tumours somewhat resemble hremangiomata, except that their 
channels and spaces contain lymph instead of blood. They are believed 
to be congenital in. origin and to arise in defects in the development of 
the lymphatic vascular system. 

Lymphangiectasis is a term applied to those cases in which the lym- 
phatic vessels become dilated following injury or inflammation, and 
where their continuity with the normal lymphatic circulation persists, 
A lymphangioma, on the other hand, is the result of a new formation. 
Sometimes the two conditions develop side by side. There are three 
varieties of lymphangioma : (1) Capillary or me void ; (2) Cavernous ; 
and (3) Cystic hygroma. 

Capillary or S a? void Lymphangiomata. These are usually small, 
pink or yellowish- brown, cystic, circumscribed swellings, and are in many 
respects similar to the nsevi which occur on the skin and mucous mem- 
brane. In certain cases, however, they may be diffuse, as, for instance, 
in the tongue (see page 301 8). These Ivmpbatic tumours are most 
frequently seen on the lips ( macrocheilia ), cheeks, tongue ( macroglossia ), 
skin, subcutaneous tissues, in or between muscles, in the viscera, etc. In 
some instances there may be a combination of lymphangiomatous and 
hoemangiomatous tissues in a single tumour. Histologically, they are 
composed of a complicated system of anastomosing channels or spaces, 
lined by flattened or cubical endothelium and filled with clear limpid 
fluid containing a few lymphocytes. The supporting stroma is composed 
of fibro-fatty tissue. If small, the tumours should be treated by excision 
or cauterisation. If diffuse, they are often resistant to treatment and 
tend to ulcerate and produce a great deal of pain. Cure may some- 
times be effected by means of radium, X-rays, or electrolysis. 

Cavernous Lymphangiomata. These innocent endothelial growths 
closely resemble cavernous nsevi, and usually affect the subcutaneous 
tissues, the mucous membrane, the prepuce, or the intermuscular septa, 
their treatment being in every respect s imilar to that of cavernous 
nrevi. 

Cystic Hygromata. These are rare tumours* generally seen before 
the age of 10, although adult cases have been reported. Her zf eld 
considers that they are the commonest lesion observed at 
birth. They are probably sequestrations of lymphatic tissue (due to 
some developmental fault) which have maintained the power of per- 
sistent but irregular growth. Those that occur in the neck usually 
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have their origin in the vestigial rests of the large jugular sacs. They 
are mostly amalgamations of multilocular, thin-walled cysts, lined with 
a single layer of endothelium having the appearance of a mosaic, 
contain clear serous fluid, and possess a remarkable power of growth. 
The following is the order of frequency in which they appear in different 
parts of the body : the neck, the axilla, the pectoral region, the sacral 
region, the retroperitoneal tissues, the great omentum, between the 
layers of the mesosigmoid, the groin, the floor of the mouth, the liver, 
and the suprarenal gland. 

When occurring in the neck , such a tumour usually arises under 
the sterno-mastoid muscle as a multilocular cystic swelling which pro- 
trudes into the anterior and posterior triangles and sometimes extends 
underneath the clavicle and downwards into the axilla. The individual 
cysts, surrounded by a supporting framework of fibro-fatty tissue which 
binds them together, are also adherent to neighbouring muscles, to 
vascular sheaths, to large nerves, and even to the skin when following 
an inflammatory attack. 

In certain instances the tumours may be unilocular, when they are 
termed solitary lymphatic cysts. These cysts, which also are thin- walled, 
lined with a single layer of flattened endothelium, and which contain clear 
limpid fluid, are chiefly found in the neck where they are seen as smooth, 
fluctuating, elastic, slow-growing, globular swellings. They may lie 
behind the belly of the sterno-mastoid muscle or in the posterior triangle 
of the neck above the clavicle. Cystic lymphangiomata of the mesentery 
are undoubtedly among the rarest tumours encountered in the field of 
general surgery. Parsons was able to find approximately 500 cases of 
mesenteric cysts, but only 10 true lymphangiomata, and he has con- 
tributed to the literature a detailed report of a case which occurred in 
his practice, together with a full bibliography of the condition (Ann. 
Surg April 1936, 520, 595). 

A cystic hygroma in the neck must be distinguished from : (l) 
Lipoma ; (2) branchial cyst ; (3) aberrant lateral adenoma of the 
thyroid; {4) angiosarcoma; (5) aneurysm; and (6) tuberculous 
abscess. 

Treatment. In view of the tendency to spontaneous recession which 
all these tumours possess, surgical treatment is never called for immedi- 
ately. The solitary cysts should either be excised, or their contents 
aspirated and the cyst cavity injected with 3-5 cc. of quinine- urethane 
or lithocaine to effect cure by a process of slow fibrosis and cohesion of 
the walls of the cyst. The multilocular cysts arc exceedingly difficult 
to excise completely, as they are so firmly adherent to important 
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structures in the neck, such as the large vessels and nerve trunks. If 
small and easily accessible, they should be dissected out ; but if large 
and deeply penetrating, treatment by means of X-rays or radium is 
to be preferred to a partial removal of the tumour, as dangerous septic 
complications may follow the latter attempt. In those cases where at 
operation it is found impossible to dissect completely the whole of the 
ramification of the cyst-like processes which have extended far beyond 
the operation area, the wound should he closed, drainage instituted, 
and, when healing is nearly established, the parts should be subjected 
to a course of X-ray treatment. 

As an alternative to X-ray or radium treatment in cases where 
excision is impossible, Harrower’s method of repeated injection of the 
cystic mass with sodium morrhuate may be recommended. 
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CHAPTER II 


Inflammation of the Lymphatic Glands — Lymphadenitis 

by 

Rodney Maingot 

(A) Acute Lymphadenitis. 

(B) Chronic Lymphadenitis : 

(I) Simple ; (2) Syphilitic ; (3) Tuberculous. 

acute lymphadenitis 

Acute lymphadenitis is inflammation of the lymphatic glands caused 
by organisms reaching them via the lymphatic vessels from the skin or 
mucous membrane. The infecting organism is usually pyogenic, but at 
times B. mallei, B. anthrax, B. pestis, or Ducrey’s bacillus may be 
responsible. 

In all cases the area which drains into the lymphatic glands should 
be very carefully examined for cuts, scabs, sores, infected blebs, etc. 
The glands are enlarged, elastic, painful and congested, later becoming 
adherent to one another and to neighbouring tissues, while the overlying 
skin is often cedematous and red. As the glands enlarge in size they 
form one indefinite confluent tumour. With removal or with appro- 
priate treatment of the primary focus of infection and local treatment 
of the affected glands, resolution will frequently occur, Railing this, 
the glands may become chronically infected and enlarged, in which case 
— particularly when those in the neck are concerned — the tubercle 
bacillus is likely to become an additional infecting agent. On the other 
hand, the glands may soften and suppurate, forming a large abscess 
which may spread widely in the surrounding tissues or discharge on to 
the surface. The common symptoms of toxaemia, such as malaise, 
fever, lack of appetite, etc., may or may not be present. In certain 
instances the general disturbance may be very marked, suggesting that 
the infecting organisms have entered the blood stream giving rise to 
a widespread septicaemia. 

. The different groups of glands which are most commonly infected 
are the following : (1) The superficial glands of the head and neck ; 
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(2) the deep cervical glands; (3) the lateral pharyngeal glands; 
(4) the glands of the upper extremity, sub-divided into the epitrochlear, 
and the axillary and pectoral groups; (o) the glands of the lower 
extremity — the popliteal, the inguinal, and the iliac ; and (6) the 
abdominal glands. 

The methods of dealing with all acutely infected superficial glands, 
such as those that may occur in the neck, are in the main similar, and 
may be briefly outlined as follows : 

(1) Local Treatment. This consists of attacking, if possible, the 
p rima ry focus of infection and applying frequent fomentations or 
antiphlogistine to the affected area until resolution has taken place, or 
until an abscess has formed and is pointing. This can then be drained 
through a small judicious incision. Subsequently, a s mal l tube is 
inserted into the abscess-cavity for the purpose of drainage. After this, 
hot hypertonic saline (15 per cent) dressings should be used, as it is 
not advisable to apply antiphlogistine to open wounds. In those cases 
in which the glands remain enlarged and show no signs of subsiding or 
of suppurating, it may be well to dissect them out completely, after 
which the wound is partially closed and drained. 

(2) General Treatment. The patient is put to bed, and the affected 
part is splinted or otherwise immobilised as completely as possible. 
The bowels are made to act by means of saline aperients, fluids are 
given in abundance, and a diet of ample vita min content is prescribed. 

(3) Treatment of Suppurating Lymphatic Glands. This is best con- 
sidered on a regional basis. A detailed description under five headings 
is given below : 

(а) Uncomplicated Cervical Abscesses. These abscesses are nearly always 
secondary to some local infection in the skin, such as a boil in the neck or face, 
but occasionally they may result from infection from the lips, tonsils or gums. In 
dealing with such cases it is best to delay operation until the centre of the swelling 
is soft or until the overlying skin becomes cedematous. A small incision is made 
over the most prominent part of the swelling, a pair of sinus forceps is thrust 
into the abscess-cavity, a tube is inserted (and fixed into position with a single 
stitch), and fomentations are then applied four-hourly. The three conditions 
which most closely simulate an acute cervical abscess are : (i) infected branchial 
cyst ; (li) infected cystic hygroma ; and (iii) infected thyroglossal cyst. 

(б) Submaxillary Glands. Suppuration is comparatively common in this 
site, and frequently results from an infected tooth socket. The enlarged glands 
form a tumour in the region of the submaxillary salivary gland which, with the 
aid of fomentations, will slowly soften and break through the deep cervical fascia 
to present a fluctuating swelling. As soon as this is detected, it should be evacuated 
by Hilton’s method. There is no danger of damaging the facial artery provided 
the incision is a small one and is made over the point of Tnmrimnm swelling. A 
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drainage-tube is passed into the wound and stitched to the edges of the skin . 
This tube is removed in two or three days, after which rapid healing takes place. 

(c) Axillary Abscess . An abscess in the axilla must be opened and drained 
without delay, as the pus tends to travel along the path of the nerve trunks into 
the neck. The site of the incision depends upon the spot at which the abscess 
points, but as in the average case the abscess lies under the pectoralis major it is 
best to make an incision about two inches long, just below the fold of this muscle 
in its upper part. Through this incision a pair of sinus forceps or a hasmostat is 
thrust upwards and inwards, and the blades are gently opened. A finger inserted 
through the incision breaks down any loculi in the abscess-cavity. Drainage is 
provided. In certain cases of long-standing inflammatory enlargement of the 
glands lying under the pectoralis major, associated with marked constitutional 
symptoms and failing to subside under prolonged local treatment, it is often advis- 
able to cut down upon and remove the glands through an incision placed just below 
the fold of the muscle. 

(d) Abscess in the Groin. This is nearly always secondary to infection of the 
genitalia, of the anal region, or of an area of skill in the lower extremity (commonly 
the foot), and should be opened by a vertical incision. Where acutely infected 
glands in the inguinal region, as elsewhere, show no signs either of resolution or 
of frank suppuration after a thorough course of local treatment, they should be 
dissected out, and after every bleeding point has been ligated, the wound should 
be lightly smeared with B.I.P.P. and partially closed (with drainage). 

(e) Suppuration of the External Iliac Glands. These receive the efferent 
lymphatics from the inguinal group of glands which normally drain the lower 
limb, genitals and perineum, and occasionally become infected without there being 
much evidence of the superficial or sub-inguinal group being first involved. When 
they are extensively diseased they may form a large tender mas3 above the inguinal 
ligament, which, when on the right side, may closely simulate an appendix 
abscess, and when on the left, an abscess m connection with a perforated diverti- 
culum of the sigmoid colon. In the female, mQammation of these glands may 
resemble a severe case of parametritis. When suppuration is extensive, a tender 
mass may be made out above or below the inguinal ligament, associated with con- 
siderable fixation and induration. These cases should be put to bed, and, after 
treatment has been directed to the primary source of the infection, fomentations 
should be applied frequently over the affected area until an abscess forms, uhen 
this should be opened through a small incision made just above the anterior 
superior iliac spine, care being taken to avoid opening the peritoneal cavity. 
Where the inflammatory mass shows no signs of subsiding after an adequate 
course of treatment, it is often best to cut down on the glands, expose them extra- 
peritoneally, and dissect them out completely. The wound is then partially 
closed, and drainage instituted. 

ACUTE ABDOMINAL LYMPHADENITIS 
This condition is due to infection of the abdominal lymphatic glands 
by pyogenic organisms, the infection reaching them from the gut via 
the lymphatic vessels. It is conceivable, however, that in certain 
cases the lymph nodes become infected through the blood stream, 
von. m . — t 
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Rendle Short in a series of 200 laparotomies was able to determine 
its incidence at 6 per cent. Acute abdominal lymphadenitis occurs 
chiefly before the age of 15, and aflects the two sexes with equal 
frequency. 

Th e signs and symptoms of this disease in its acute form simulate those 
of acute appendicitis so closely that the two conditions cannot easily 
be differentiated. The pain usually commences in the region of the 
umbilicus or epigastrium, and is often accompanied by colicky spasms ; 
the temperature varies from 99°-104° F., and there is a moderately 
accelerated pulse-rate. There is often nausea, and the patient may 
vomit once or twice, but vomiting is, as a rule, not a common symptom. 
The pain eventually settles down in the right iliac fossa or hypo- 
gastrium, and is of a dull gnawing or continuous aching character. At 
other times, however, it ceases as suddenly as it began, only to recur 
at intervals with equal intensity. On examination, a definite area of 
abdominal tenderness, cutaneous hyperesthesia, slight muscular spasm, 
and rigidity can sometimes be made out in the right iliac fossa, usually 
over McBurney’s point. As a rule, no masses are felt, and a rectal 
examination is negative. A blood count will frequently show a leuco- 
cytosis of 12,000 to 18,000 per cubic mm., 80 per cent of the cells being 
polymorphonuclear. 

There is a chronic form of the disease in which the patient gives a 
long history of loss of energy and of weight, and of recurrent short spells 
of abdominal distress, each culminating in an attack of acute abdominal 
pain which may last for a few hours or subside with dramatic abrupt- 
ness, only to return after a brief interval. 

The mechanism of the infection is unknown, but one may assume 
that the portals of entry for the micro-organisms are located in an area 
of catarrh or in a minute ulcerated patch in the mucous membrane of 
the lower ilewn, ccecum, or appendix. Contaminated food or milk 
may be a vehicle of infection, whilst intestinal parasites and local 
trauma of the gut may be predisposing factors. 

The following have to be considered in the differential diagnosis of 
the acute type : (1) Acute appendicitis ; (2) tuberculous mesenteric 
lymphadenitis ; (3) intussusception ; (4) inflammation of Meckel's 
diverticulum ; (5) acute pyelonephritis ; and (G) acute regional ileitis 
(Crohn, Ginsburg and Qppenheimer, 1932, J.A.M.A., Yol. 99, 1323). 

Treatment. As the condition in its acute form cannot otherwise be 
distinguished with certainty from acute appendicitis, exploratory 
laparotomy should be undertaken without delay, and the appendix 
should in all cases be removed, whether it appears to he diseased or 
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normal. The manifold enlarged glands, elastic, discrete, swollen, 
and usually found at the root of the mesentery, along the course of the 
ileo-colic artery, and in the ileo-cajcal angle, should not be disturbed, 
although it is advisable to remove an easily accessible gland for biopsy. 
Free peritoneal fluid, which is usually present in excess, should be 
mopped up or removed by suction. 

The prognosis following laparotomy and removal of the appendix is 
very good, and in the majority of cases a complete recovery may be 
expected in due course. Strombeck followed up 40 cases which had 
been operated upon over four years previously, and found that 87 per 
cent were free from symptoms. He had no operative deaths in his 
series, and similar satisfactory results are reported by Rendle Short 
and others. 

CHRONIC LYMPHADENITIS 

(1) Chronic Simple Lymphadenitis . 

This condition, which is often mistaken for tuberculous lympha- 
denitis, is due to an infection of the lymphatic glands with pyogenic 
micro-organisms. When occurring in the neck it is almost always due 
to a persistent primary focus of infection in the area drained by the 
glands. The commonest causes are : (a) Oral sepsis (carious teeth, 
gingivitis, alveolar periostitis, chronic tonsillitis, chronic pharyngitis, 
etc.) ; (6) lesions of the skin or scalp (eczema, impetigo, pediculosis of 
the scalp, ulcers, cuts, cracks, fissures, etc.) ; and (c) a preceding acute 
septic adenitis. Occasionally the infection is hematogenous and may 
occur as a complication of some acute infectious disease. When the 
glands in the axilla or groin become chronically infected, the primary 
focus can nearly always be found in the form of infected cuts, ulcers, 
etc., in the hands, feet, or genital area. Clinically it is often impossible 
to distinguish the condition from tuberculous lymphadenitis or lymph- 
adenoma, and unless a cure is quickly effected after removing 
the focus of infection, it may be advisable to remove one of the 
enlarged glands and subnut it to microscopical examination before 
making a final diagnosis. The glands in chronic simple lymphadenitis 
are tender, moderately enlarged, rounded, smooth, elastic, firm, and 
movable under the skin. When peri-adenitis occurs, fixation results, 
and tuberculosis becomes almost impossible to exclude clinically. 

As stated above, treatment consists in removal of or other attention 
to the primary focus of infection, local applications of heat or counter- 
irritants to the affected glands, and general tonic treatment. If after 
a period of, say, three months the glands still persist and show 
no signs of subsiding, although the primary lesion has resolved 
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satisfactorily, they should be regarded as tuberculous unless biopsy 

proves the contrary. 

(2) Syphilitic Lymphadenitis. 

The lymphatic glands become infected in cases of primary syphilis. 
In cases of genital chancre the glands are discrete, hard and shotty, 
whereas with extra-genital chancres, such as may occur on the lip, 
breast, etc., they are usually larger, softer, acutely inflamed and 
inextricably matted together. In the genital type suppuration does 
not occur unless secondary infection is superimposed. In secondary 
syphilis there is usually a general sub-acute adenitis. T ertiary syphilitic 
lesions of the lymphatic glands are extremely rare, but when they occur 
they closely resemble “ breaking-down ” tuberculous glands, in that 
there is a matting together and softening of the lymph nodes, this 
being followed by a discharge of grumous material through single 
or multiple sinuses in the skin. Gummatous adenitis is more often 
seen in cases of inherited syphilis than in the acquired type. The 
treatment of this condition is discussed under Syphilis (see page 5317). 

(3) Tuberculous Lymphadenitis. 

(a) Etiology. 

(i) Age and Sex. Tuberculous disease of the lymphatic glands may 
occur at any age, although the majority of cases are seen in children. 
Females are said to be more frequently infected than males. 

(ii) Heredity. As far as can be ascertained, there does not appear 
to be any evidence that the disease is hereditary, but there is no 
doubt that children of tuberculous parents are more prone to develop 
it. A clear history of contact with an infected adult is sometimes 
obtainable. 

(iii) Incidence. There appear to be a uumber of reasons why tuber- 
culous lymphadenitis is a disease which is fast decreasing in frequency : 
J. The testing and gradual elimination of coirs infected with tuber- 
culous disease ; 2. the effective pasteurisation of milk ; 3. the modern 
tendency to remove tonsils and adenoids from children of school age. 
and to treat all septic foci promptly ; 4. the isolation of patients, both 
adults and children, suffering from active phthisis ; 5. the existence, 
nowadays, of better methods of hygiene and a higher standard of 
living, together with a more careful medical supervision of children by 
means of clinics, etc. ; and 6. the increased resistance of the general popu- 
lation to the disease. This is probably the result of some important 
but little understood biological phenomenon, but may be in part 
explained by the prominence now given to a universal and well- 
organised campaign against the disease. 
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(6) Bacteriology. 

Like other forms of non-pulmonary tuberculosis, tuberculous 
lymphadenitis is, in most instances, caused by the bovine type of 
bacillus, and this is especially the case in children. It is found that 
the older the patient the* more likely he is to become infected by the 
human rather than by the bovine type ; but in both infections the 
clinical features, the pathological changes in the involved tissues, and 
the treatment to be adopted are alike. 

(c) Pathology. 

The process of the infection and its results may be briefly outlined 
as follows : The tubercle bacillus travels to the glands by one of two 
routes — the lymphatic vessels or the blood stream. The bacilli are 
deposited in a lymphatic gland and light up an irritative and reactionary 
inflammatory process, with the formation of tubercles or tuberculous 
follicles. If the disease is overcome, resolution occurs with the pro- 
duction of scar tissue which envelops or replaces the lesion and its 
causative bacilli. It always leaves its impression upon the gland, 
however, in the form of fibrous tissue, and in some instances depositions 
of chalk. When, on the other hand, the disease progresses, caseation 
takes place, often leading to liquefaction and tuberculous abscess 
formation, with spread of the infection to other tissues. 

The macroscopical appearances of a tuberculous gland in the various 
stages of the infection are usually characteristic. Thus, early in the 
disease the gland is pale, fleshy, uniformly enlarged, and elastic, while 
on section no tubercles may at first be made out. Later on, small 
white or yellow spots, which represent tubercles, will be seen scattered 
over the surface of the cut gland. At an even later stage, small, dis- 
crete,, caseous areas may be detected in different portions of the gland. 
These eventually coalesce until the whole or the greater part is 
replaced by cheesy material. The capsule of the gland becomes greatly 
thickened by the fibrous tissue resulting from the inflammation. 
When the peri-glandular connective tissue becomes involved — peri- 
adenitis — the glands become adherent to one another and form large 
ill-defined masses ; but when suppuration ensues there is abscess 
formation and the capsule of the gland may rupture, the contained 
creamy pus burrowing widely in various directions— along the nerve 
sheaths, the muscles, and the fascial planes. On the other hand, a 
local abscess may form, and this, according to its situation, may burst 
externally on to the skin surface, giving rise to a tuberculous sinus, or 
into a portion of the gut, into the peritoneal cavity, into a bronchus, etc. 

Microscopically, the characteristic lesion is the tubercle, in the centre 
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of which tubercle bacilli in various stages of degeneration may be 
seen lying surrounded by endothelial and giant cells (fig. 2235). A 
little further afield there is an encircling zone of lymphocytes. The 
endothelial cells themselves are irregular and variable in shape — 
round, oval, or spindle-shaped — having clear cytoplasm with eccentric, 
pale-staining nuclei. They are probably derived from the endothelium 
of the blood-vessels and lymphatic vessels, and also from the fixed 
connective tissue cells of the part involved. The lymphocytes which 
occur at the periphery of the follicle are carried there by the blood 
stream ; hut in a lymphatic gland which is the seat of tuberculous 
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disease they are probably also derived from the germ centres of the 
lymph follicles. The giant cells are large and somewhat irregular in 
shape, with ill-defined margins, and contain near their periphery 
numerous small, oval or circular nuclei, often arranged in the shape of 
a horseshoe. 

(d) Pathogenesis. 

The effect of the invading tubercle bacilli upou the lymphatic 
glands depends upon several factors. These are : (i) the virulence of 
the infection ; (ii) the age, nationality, and resisting power of the 
patient : (iii) the presence or absence of superimposed pyogenic infec- 
tion; (iv) the particular area affected by the disease; and (v) 
whether or not the patient contracted the disease in childhood— 
a fact which will considerably influence the course of a second 
infection iu later life, for if there has been an attack in childhood, the 
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second infection tends, as a rule, to be milder and more chronic. The 
disease is commoner among the white than among the coloured races, 
but when it occurs in the latter it tends to be more lethal. Superimposed 
infection with pyogenic organisms is greatly to be feared, as it 
encourages dissemination of the tubercle bacilli and a more active 
local spread of the disease, abscess formation, marked constitutional 
symptoms, and other complications, such as the production of fistulas. 

The most important groups of lymphatic glands which may become 
involved in tuberculosis are : (i) the cervical ; (ii) the tracheo-bronchial ; 
(iii) the axillary ; (iv) the inguinal ; and (v) the abdominal . An account 
of the disease as it occurs in each of these groups will now be given. 
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(A) Tuberculous Glands in the Xecf: 

Reference to figures 2236, 2277 and 2719 will serve to remind the 
reader of some of the more important structures and their anatomical 
relations in the neck, mainly in so far as they concern certain operations 
for tuberculous lymphadenitis. 

The lymphatic glands in the neck are arranged in sVatems, an upper and a 
lower circular system, and a vertical system. The majority of the glands in 
the circular system are superficial, whereas most of those in the vertical system 
are deep The upper circular chain surrounds the base of the skull and drains 
chieflv the face and scalp, the glands in the chain intercommunicating in such 
a maimer that they can pass infection from one gland to another. The groups 
of glands in the upper circular system comprise the following : the submental, 
the sublingual, the submaxillary. the supra-mandibular or facial, the parotid, 
the p re-auricular, the mastoid or post-auricular, the occipital, and the retro- 
pharyngeal. The lower circular chain is poorly represented, there being only 
a few glands sparsely scattered in the posterior triangle of the neck above the 
clavicle and in the supra-sternal region. 

The vertical system of glands consists of a superficial chain and a deep chain. 
The chains of superficial glands lie beneath the deep fascia and follow the course 
of the anterior and external jugular veins. The deep glands, which lie mainly 
under cover of the stemo-mastoid, are divided on each side of the neck into an 
upper and a lower group by the line of the omo-hyoid muscle, each of these groups 
being sub-divided into an anterior and a posterior group. Theglands of the upper 
deep cervical group, and especially those of the anterior division in this group 
(which are the most important and most frequently infected in the neck) include the 
tonsillar or jugulo-digastric gland of Wood. These g lands drain the tonsil , the 
naso-pharynx. and the greater part of the mouth, and receive efferents from all 
the glands in the upper circular system. The tonsillar gland is usually constant 
in position and occupies the triangle formed by the posterior belly of the digastric 
muscle and the common facial and internal jugular veins. The upper posterior 
group cf deep cervical glands lies behind the internal jugular vein, upon the splenios 
cervicis and levator scapuke muscles. The spinal accessory nerve traverses these 
glands id its downward course towards the posterior triangle of the neck . The 
number of glands in the upper deep cervical group varies frem 15-30 nedes. 
The retro-pharyngeal glands are situated behind the mucous membrane of the 
posterior wall of the naso-pharynx and anterior to the bedies of the cervical 
vertebra. They drain into the upper deep cervical group. 

The general flow of lymph in the neck is in a downward direction towards 
the jugular lymphatic trunks, which empty on the right side into the subclavian 
vein and on the left side into the thoracic duct. Reference to the Table on page 
4125 will show clearly the arrangement of the lymphatic glands in the neck, 
according as they ate grouped under the various systems. 

Etiology . As lias been stated earlier, the incidence of tuberculous 
glands in the neck is rapidly decreasing for the reasons already detailed. 
Whereas twenty years ago the removal of tuberculous glands in 
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TABLE 


(A) Circular System of 
Glands 


(1) Upper 


(2) Lower 


(a) Submental. 

(b) Sublingual. 

(c) Submaxillary. 

(d) Facial or Supra -maxillary. 

(e) Parotid. Pre-auricular. 
(/) Mastoid or Post-auricular. 

( g ) Occipital. 

(h) Retro-pharyngeal. 

{ (a) Supra-clavicular. 

(6) Supra-stemal. 


j (1) Superficial 


(B) Vertical System of 
Glands 


fUpper^l 

P U f 


{ (a) Anterior jugular. 
(6) External jugular. 

{ (a) Anterior. 

(6) Posterior. 

{ (a) Anterior. 

(6) Posterior. 


the neck figured largely on the operation lists of almost every hospital, 
such dissections are now becoming more rare every year, owing to the 
fact that more cases are being treated by conservative methods and 
also to the fact that the disease itself is less common. One instance 
of this may be cited by a reference to the operation records of the 
Belgrave Hospital for Children where, according to Wakeley, there were 
240 operations performed for tuberculous glands in the neck between 
the years of 1909 and 1913, and only 18 between 1929 and 1933. 

Tuberculous glands in the neck are most common during the first 
decade of life, 50 per cent of cases occurring between the ages of 1 and 10. 
According to John Fraser, this age period is one in which the child is 
liable to come into contact with tubercle bacilli through the medium 
of infected milk ; at the same time, the lymphatic system is profuse, 
highly active in its absorptive function, and yet only partially educated 
in the properties of resistance. Handford of America gives the following 
table : AGE PEtU0D . percentage of iscidesce. 

1-10 ... 40 per cent. 

10-20 ... 35 per cent. 

20-30 ... 20 per cent, 

over 30 ... 5 per cent. 

Most observers are agreed that the incidence is slightly more common 
in females. 

Amongst the predisposing factors may be included any conditions 
which lower the general health. These may be repeated attacks of 
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to nsilli tis : the exanthematous diseases, particularly measles, whoop- 
ing-cough and scarlet fever : oral sepsis, especially carious teeth ; 
chronic pharyngitis ; repeated attacks of chronic simple (non-specific) 
adenitis ; chronic otorrhoea associated with middle ear disease ; and 
a number of other conditions, such as eczema of the face, impetigo, 
pediculosis, sores, cracks, fissures, abrasions, etc., of the face, scalp 
or neck. In cases of primary tuberculous disease of the tongue, larynx, 
lung, etc., there may be a secondary tuberculous lymphadenitis involving 
the glands of the neck. As previously stated, the bovine infection — 
infection by milk — predominates in children, but with increasing age 
infection with the h uma n strain becomes more common. 

The chief routes through which the h uman organism becomes infected 
with tubercle bacilli are : (1) the pharynx, and especially the tonsils and 
adenoids ; (2) the mucous membrane of the bronchial tree ; (3) the 
mucous membrane of the last foot or two of the ileum ; and rarely 
(4) the skin. The tubercle bacilli penetrate the mucous membrane, 
usually without leaving any obvious lesion, and become transferred 
to the nearest lymphatic glands. Here they may remain and become 
imprisoned, or they may enter the venous circulation and so be carried 
to the lungs. Deposited in the lung parenchyma they may light up 
an infective process, or they may be sifted through the pulmonary 
tissue and then become lodged in the tracheo-bronchial glands, causing 
disease there. Alternatively, some of them may pass into the pulmonary 
veins and thence to the left heart, to be disseminated far and wide 
throughout the body by the arterial circulation. In the majority of 
cases of tuberculous glands in the neck, however, the infection is a local 
one, the bacilli gaining entrance to the lymphatics through the tonsils or 
the adenoid tissues of the naso-pharynx, or from the gums. Where the 
infection is blood-bome the enlarged glan ds are irreg ularl y distributed, 
and there are, as a rule, constitutional symptoms. 

Diagnosis. This may be simple, difficult, or even impossible unless 
a gland has been excised and submitted to microscopical investigation. 
Diagnosis is based on the following : 

(1) The history of the case. 

(2) The examination of the patient : (a) local ; (6) general. 

(3) Special examination: (a) complete blood count; (6) Wassennann 
reaction ; (c) X-ray examination of the neck, lungs and abdomen. 

(4) Aspiration and microscopical examination of the fluid withdrawn from an 
abscess. 

(5) Biopsy of the enlarged glands. 

(6) Gninea-pig inoculation. 

(7) Tuberculin test. 
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In taking a history, inquiry will have to be made as to any recent 
illnesses, especially sore throats, etc., and whether or not there is any 
tuberculous disease in the family. Other details may also need to be 
investigated, such as the conditions under which the patient lives, the 
milk supply, etc., when the lump was first noticed, where it started, 
and whether or not it has progressively increased in size. In most 
cases there is a history of some long-standing cervical glandular swell- 
ing which is gradually enlarging, or the formation of an abscess 
which has burst, leaving a discharging sinus in the neck. As septic 
infection predisposes the lymphatic glands to an attack by the tubercle 
bacillus, a careful search must be made for any focus of infection, and 
special attention must be paid to the area drained by the glands. The 
scalp should be examined for any evidence of sores or pediculi, the face 
for infected pimples, cuts, etc., and the teeth, tonsils and pharynx 
for any signs of infection. The tonsil is recognised to be the most 
important focus of infection. Barrington-Ward, for instance, found that 
the tonsillar gland was the one chiefly affected in 97 out of 1G1 cases, 
and that in 43 other cases the glands in the anterior triangle were 
diseased, the probability being that the tonsil was the seat of 
infection. 

The tumour in the neck should be carefully examined, and the 
following points noted : its size, shape, position and consistency ; 
the condition of the overlying skin ; any evidence of sinuses ; and 
whether or not there is any sign of matting. Search should also be 
made for enlarged glands in other parts of the body, such as the axilla, 
groin, etc., and the investigation completed by an examination of the 
chest and abdomen. It should be remembered that, with the exception 
of pyogenic infection, tuberculosis is the commonest cause of enlarged 
cervical glands, and the diagnosis should be in little doubt if the glands 
become progressively and painlessly enlarged in spite of appropriate 
treatment. Pain is always present in cases of peri-adenitis or caseation. 
In the average case, a firm, elastic, somewhat movable, elongated 
swelling will be detected in the neck (usually not tender on palpation), 
and smaller discrete nodes may be made out nearby. When caseation 
takes place the glands become boggy, and later a fluctuating, ill-defined 
mass, or a definite abscess, will be found. In neglected cases sucli an 
abscess may accumulate under the skin, burst, and discharge watery 
pus containing solid yellow flakes of necrotic tissue. There may also 
be evidence of toxic absorption, the patient being pale and languid, 
and suffering from evening rise of temperature with night sweats, 
lack of appetite, and loss of weight. 
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Tuberculous disease may be diagnosed if, after the removal of any 
obvious source of sepsis, the glands continue to enlarge, or do not 
disappear after a period of, say, three months ; if they show any 
alteration in consistency — i.e. becoming softer; or if, should an 
abscess form, the aspirated material presents the features usually 
associated with tuberculous pus. 

The main difficulties in diagnosis concern the really early stages of 
the disease, when only one or two discrete enlarged glands can be felt, 
and a later phase, when cold abscess formation is associated with thin- 
ning and reddening of the overlying skin. In the former case, if an 
immediate diagnosis is imperative, a biopsy will he necessary, whereas 
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the latter condition can be clinically distinguished from an ordinary 
pyogenic cervical abscess by noting that : ( 1 ) although the skin is red 
and thinned it is not cedematous ; (2) fluctuation can be obtained across 
the whole area of reddened skin, and not only in its central part ; and 
(3) the fluid collection is always lax and never tense (fig. 2237). 

In differential diagnosis, tuberculous glands in the neck may some- 
times be mistaken for the following conditions : (1) Simple (pyogenic) 
adenitis ; (2) Hodgkin’s disease ; (3) malignant disease, e.g. lympho- 
sarcoma or secondary carcinoma ; (4) glandular fever ; (5) lympliatic 
leukaemia ; (6) carotid body tumour ; (7) branchial cyst ; (8) sebaceous 
cyst; (9) aberrant - adenoma of the thyroid or thyroglossal cyst; 
(10) fibroma, lipoma, etc.; (11) dermoid cyst; (12) ranula; 
(13) actinomycosis; (14) cellulitis; (15) syphilitic disease of the 
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glands or gumma of the sterno-mastoid muscle ; and (16) tumour of 
the submaxillary or parotid salivary glands. 

Pathology. The pathological appearances of tuberculous glands in 
the various stages of the disease have already been discussed on page 
4121, but it is necessary here to describe from the clinical aspect the 
three distinctive pathological types of tuberculous cervical adenitis : 

(1) The caseous type ; (2) the lymphoid type ; and (3) the fibrous 
type. 

The caseous type is most frequently seen in children, and here the 
glands, which at first are discrete, become matted together and soften, 
eventually leading to the formation of a cold abscess. A cold cervical 
abscess, which is sometimes termed a “ collar-stud ” abscess, occurs 
when the pas bursts through the capsule of the gland, burrows through 
the deep fascia, and forms a collection in the subcutaneous tissues. 
The communicating channel through the deep fascia is usually very 
narrow, and when such an abscess bursts through the skin or is incised, 
a chronic sinus is produced. In the lymjphoid type the nodes are discrete 
and elastic, there being usually no peri-adenitis. If, however, this 
occurs, it is a late phenomenon, as is also caseation. This type is 
particularly difficult to diagnose from Hodgkin’s disease, and even 
on microscopical section such differentiation may in certain cases be 
impossible. In the fibrous type, which is seen chiefly in adults, the glands 
are small, hard, shotty, and firmly adherent to the deep structures. 
The disease pursues a very chronic course. 

Clinical Features. There are two main clinical types of the disease : 

Type I — the Diffuse Type. Here adenitis is a manifestation of 
widespread tuberculosis, and the primary infection is situated in the 
mesenteric or mediastinal glands, and occasionally in the parenchyma 
of the lung itself. The chief features common to this type may be 
enumerated as follows : (1) The general health of these patients is 
usually poor, and they are thin, pale and anaemic ; (2) there is generally 
active and obvious disease present in the trackeo-broncliial lymphatic 
glands, in the mesenteric glands, or in the lungs ; (3) the glands are not 
greatly enlarged ; they are soft in consistency, and often partially cal- 
cified ; (4) the involved cervical glands are multiple, and are situated in 
both sides of the neck, and particularly in the posterior triangles, being 
frequently associated with enlarged nodes in the groins and axilla? ; 
(o) the tonsils are not usually enlarged or septic, and adenoids or any 
associated affections of the throat are seldom present ; the enlargement 
of the glands is, as a rule, first noticed after the age of puberty ; and 
(6) the prognosis must always be guarded. 



4130 


POST-GRADUATE SURGERY 


Type II— the Localised Type, which is far more common than 
Type I , and is seen chiefly in adolescence. Here the infection is purely 
a local one, originating in the tonsils, adenoids, or, more rarely, in the 
teeth, etc. There are four chief clinical features of this type : (1) The 
general health is good, there being no evidence of tuberculous lesions 
elsewhere ; (2) one particular gland, usually the jugulo-digastric or 
tonsillar, is, as a rule, chiefly involved, other surrounding glands being 
affected to a lesser degree ; calcification is rare ; (3) the tonsils and 
adenoids are often enlarged and septic, there being frequently a history 
of repeated attacks of tonsillitis or dental trouble ; and (4) tae prognosis 
after removal of septic foci followed by appropriate treatment of the 
glands is good. 

The course of the disease may be divided into three distinct stages : 
(1) The stage of latency; (2) the stage of hyperplasia and the early 
formation of tubercles; and (3) the stage of caseation, sometimes 
accompanied by the formation of abscesses and fistulas. In the early 
stage of latency, the general condition is good. The glands themselves 
are moderately enlarged, indolent and painless, there being no other 
symptoms of any consequence. At a later stage, when caseation occurs, 
there will be malaise accompanied by languor, and there may or may 
not be a slight evening rise of temperature. When frank suppuration 
ensues, there will be a stiffness of the head and marked pain and tender- 
ness over the indurated mass of glands in the neck. Should an abscess 
form it may become secondarily infected, and the overlying skin may 
become red and oedematous. When, however, the abscess bursts 
through the skin, pain and tenderness are at once relieved. At a late 
stage in the disease in neglected cases, when there is multiple involve- 
ment of the glands and abscess formation, the general condition will be 
poor, with asthenia, anorexia and fever, together with the danger of dis- 
semination of the disease — miliary tuberculosis or tuberculous meningitis. 

The following are some common clinical types of tubercidous adenitis 
belonging to Type II, each of which calls for a special line of treatment 
which will be described later : (1) A simple enlarged firm gland or 
group of glands ; (2) diffuse indurated swelling, i.e. inflamed glands 
matted together owing to peri-adenitis ; (3) fluctuating glands ; (4) a 
cold abscess — collar-stud abscess ; (5) chronic discharging sinus in the 
neck due to an abscess which has burst ; and (6) tuberculosis of the 
skin in the region of the orifice of a sinus in the neck, or as the result of 
involvement of the skin from the wall of a tuberculous abscess. 
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Prognosis. The prognosis depends upon several factors, such as : 
(1) The type, virulence, and site of the infection ; (2) the resistance of 
the patient ; and (3) a correct choice of treatment for each individual 
case. 

In a general way it may be stated that in the majority of cases of 
tuberculous adenitis the patient’s life is not directly threatened, but 
the infection is of a very chronic nature and treatment may be necessary 
for a considerable period, extending over months, and in many cases 
even years. It is, in fact, one of the least dangerous of the many forms 
of tuberculosis, as the disease is usually localised to the neck and 
rarely becomes disseminated. Disability is not marked, and in most 
instances the patient seeks treatment at an early stage on account 
of the unsightly lump in the neck and through fear that if an abscess 
forms it may burst through the skin. It is important to establish as 
far as possible whether the disease in the neck is blood-borne or 
lymphatic-borne. If the latter is the case, the prognosis is good, as the 
enlarged glands are evidence of a local infection and local resistance ; 
whereas in a blood-borne infection there is always the danger of tuber- 
culous septicaemia and spread of the disease to other organs. 

As already stated, the prognosis is definitely bad during the first 
two years of life, as the disease is then eager in its course, and death 
from tuberculous meningitis often ensues. The prognosis is good when 
the tonsillar gland or the glands in the upper deep cervical group are 
involved. It is, however, more serious when the supra-clavicular nodes 
are infected, when both triangles of the neck are simultaneously 
involved, or when the disease shows a haphazard distribution, e.g. a 
few scattered swollen glands in the neck, and obviously enlarged glands 
in the axilla?. 

The treatment of tuberculous glands in the neck is discussed ou 
page 4145. 

(B) Tuberculous Disease of the Mediastinal or Trachea- Bronchial 
Glands 

Tuberculosis of the tracheo-bronchial glands is primarily a disease 
of childhood, and the treatment is wholly medical. In children the 
infection is usually by the bovine strain, whereas in adults it is chiefly 
of the human type. The point of entrance of the infection is nearly 
always ill the intestinal tract or in the bronchial tree. The tubercle 
bacilli penetrate the mucous membrane of the small intestine or bron- 
chioles, and are carried to the nearest lymphatic gland. Here they may 
become imprisoned, or they may escape and travel by way of the veins 
to the right heart, and thence to the lungs. In children the bacilli, which 
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are brought here by the blood stream, may form a small, relatively inno- 
cent focus in the lung (Ghon's focus) which heals spontaneously without 
clinical symptoms, or may pass directly through the lungs without 
being arrested until they are finally entrapped by the tracheo-bronchial 
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glands where they light up a chronic infective process (fig. 2238). This 
gives rise to a vague combination, of symptoms which may be grouped 
as follows : (1) Sallow complexion ; (2) undue fatigue ; (3) irritability 
and peevishness ; (4) anorexia and malnutrition ; (5) intermittent 
Pyrexia ; and (6) paroxysmal coughing. 

It is almost impossible to make a correct diagnosis by ordinary 
physical methods and by radiological examinations before calcification 
has taken place in the diseased glands, but the condition may often be 
rightly suspected if, in the absence of physical signs in the chest and 



Fig. 2239 — CALCincAiios or tub TaACnEO-wtoxcnm, olasos. {Bull.) 


with negative X-ray findings, it is known that the patient has been 
exposed to the infection, if it is seen that he is rapidly losing ground, 
and if the tuberculin test is strongly positive. When skiagrams show 
calcification of the tracheo-bronchial glands it implies that the disease 
is well established or healed, having been present for a period of at 
least some months (fig. 2239). 

If suppuration occurs in the mediastinal glands, an abscess may form and press 
upon the following structures : 

(l) The trachea, causing shallow breathing and weak respiratory murmurs 
all over the lungs. (Dyspnoea may be alarming and may be accompanied by 
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explosive and paroxysmal attacks of coughing.) (2) The bronchus, causing absent 
or diminished respiratory sounds and restricted mobility of the affected side. 
(3) The (Esophagus, causing dysphagia. (4) The recurrent laryngeal nerve, causing 
loss of voice or hoarseness, often accompanied by paroxysmal coughing. (5) The 
superior vena cava, causing obstruction of the large veins of the neck and face, 
arms and shoulders. (6) The vagus nerve, causing tachycardia and even vomiting. 
(7) The sympathetic nerve trunk, causing dilatation or contraction of the pupil on 
the affected side from pressure or irritation. (8) The thoracic duct, causing rupture 
and chylothorax. 

The abscess may rupture into the following sites : 

(1) The trachea, causing violent coughing, dyspnoea, or even death from 
suffocation. (2) The pleura, producing pleural effusion or empyema. (3) The 
pericardium, causing an embarrassment in the heart’s action. {4) The large 
blood-vessels of the mediastinum, causing a widespread dissemination of the disease. 

(5) The oesophagus, causing dysphagia and the vomiting of tuberculous pus. 

(6) The posterior mediastinum, tracking round to the surface of the skin where it 
may form a localised abscess and eventually discharge through the skin, the 
axills and supra-stemal notch being common sites. 

Treatment. This consists of: (1) Isolation of the patient and 
institutional treatment ; and (2) general prophylactic measures, such 
as prolonged rest, and abundance of fresh air, sunshine, nourishing 
food with an ample vitamin content and the inclusion of malt and 
cod-liver oil, and, possibly, X-ray or tuberculin treatment. 



(C) Tuberculosis of the Axillary Lymph Glands {fig. 2240) 

The axillary lymphatic glands may become infected with tuber- 
culous disease in three chief ways : 

(1) From a local tuberculous lesion, e.g. tuberculosis of the breast, 
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anatomical tubercle of tlie band, such as may occur following the 
performance of a post-mortem examination, etc. (2) By extension 
from tuberculous glands in the neck, and especially the lower deep 
cervical group of glands. It is nevertheless possible (though very 
rare) that organisms may gain entrance through the throat, and pass 
by a direct route through the lymphatic systems of the neck without 
involving them, and thence to the axilla, producing tuberculous 


fig 2241 —Tux incision employed fob 
EXPOS INO A MASS OF TCBEBCULOUS O LANDS 
IN THE AXILLA OB LYING DEEP TO THE 
FECTOBAU3 MAJOR MUSCLE. 



lymphadenitis in the nodes in this region: (3J As a part of a generalised 
infection of the lymphatic system. 

Treaiment. Where tuberculosis of the axillary glands is a part of a 
generalised tuberculous process, the treatment should be conservative 
and follow general lines. Where, however, the disease is definitely 
localised to one or more of the axillary glands, the best treatment is 
prompt excision of all palpable infected nodes. Xo object wifi be 
gained by delay, as abscess and sinus formation so frequently occur, 
making subsequent dissection most difficult. 

The best approach to these axillary glands is obtained by an 
incision which is made parallel to and a little behind the upper half of 
the anterior fold of the axilla (fig. 2241). The dissection is carried 
downwards through the deep fascia, the pectoralis major muscle is 
retracted upwards and inwards, and the glands are freed from the 
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great vessels and nerves of the axilla. "When multiple sinuses are 
present it may be advisable to curette them and follow up the treat- 
ment by applications of X-rays. If this fails, then the mass should, 
where possible, be completely dissected out. 

(D) Tuberculosis of the Inguinal Glands (fig. 2242) 

This is a rare condition, even less common than tuberculosis of the 
axillary glands. It nearly always results from a local area of disease. 



such as tuberculous ulcer of the vulva or peri-anal region, or tuber- 
culosis of one of the joints of the lower extremity. Occasionally, 
however, the infection may be blood-borne, when other glands also are 
usually involved. 

On examination of such cases it is important to exclude venereal 
disease, and a meticulous search of the whole area must be made for 
any evidence of a local tuberculous lesion, an infected wound, or the 
scar of a recent wound. The glands themselves are enlarged, somewhat 
matted together, and tender on pressure, while there may be some 
associated stiffness of the limb. As it is important to make a prompt 
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diagnosis in these cases, it is often necessary to remove a gland and 
submit it to microscopical scrutiny so that suitable treatment may be 
instituted without delay. Tuberculous disease of the inguinal glands 
must be distinguished from the following conditions : (1) Acute pyo- 
genic lymphadenitis ; (2) inguinal and femoral hernias ; (3) bubo 
secondary to syphilis or soft sore ; (4) lymphogranuloma inguinale ; 



(5) psoas abscess ; (6) Hodgkin’s disease ; (7) primary or secondary 
malignant glands of the groin ; and (8) encysted hydrocele of a hernial 


Treatment . Small lymphatic glands which are causing little or no 
inconvenience and which are not rapidly becoming larger may be 
treated by conservative measures. Those, however, which are large— 
and particularly those in which considerable matting has occurred and 
formed a definite tumour — are best treated by excision, when a portion 
of the saphenous vein may have to be removed together with the 
infected glands. The incisions commonly employed for dissecting out 
infected glands in the groin are depicted in figures 2243 and 2244. 

"When the external iliac glands which He to the outer side of the 
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external iliac vessels are involved, they may be removed by making a 
transverse incision through the skin and abdominal muscles, li inches 
above the outer half of the inguinal ligament. After retracting the 
upper edge of the incision firmly upwards, the peritoneum is exposed 
and stripped ofi the glands, which are thus brought into view so that 
they can be dissected out. 


(E) Tuberculous Mesenteric Lymphadenitis 
The lymphatic glands of the abdomen are classified into two large 
groups, visceral and parietal, each of which is sub-divided into smaller 
groups according to the organs or regions they drain. 

Thus: 


Visceral 


gastric. 


pyloric. 


splenic. 

f iliac. 

hepatic. 

lumbar. 

pancreatic. Parietal • 

sacral. 

mesenteric. 

aortic. 

. ileo-caccal. 

[_ anterior abdominal. 

colic. 


Icreliac. 



In tuberculous mesenteric lymphadenitis the lymph glands of the 
mesentery and retroperitoneal space become enlarged, and often 
caseate : occasionally they suppurate or calcify, calcification being more 
frequent (fig. 2245). The condition is most often seen in early child- 
hood, when it must be assumed that it originates from the consumption 
of milk obtained from tuberculous cattle. The incidence varies very 
considerably in different parts of the world, as John Thomson has 
emphasised. He writes : 

Scotland enjoys the unenviable distinction of having more abdominal 
tuberculosis than any other civilised country— twice as much aa England generally, 
and more than ten times as much as Europe and North America.” 

The disease may be a primary lesion, or may be secondary to tuber- 
culosis of the intestine or lungs. In the pritnary cases, the glands 
become infected without there being any evidence of disease in the 
intestine. It must therefore be inferred that the bacilli have passed 
directly through the intact intestinal wall, or that a small lesion has 
formed which has healed so completely that no evidence of it remains- 
In the secondary cases, there are gross tuberculous lesions in the lungs 
or intestines which account for the lesions in the abdominal glands. 
The commonest sites of infected lymph nodes are the ileo-csecal angle, 
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tlie retroperitoneal spaces medial to the caecum and ascending colon, 
and the lower part of the mesentery of the small intestine. Occasionally 
a single chain of glands will be seen following the course of the ileo-eolic 
artery to the root of the mesentery (see fig. 2246). 

Diagnosis. On X-ray examination, visceral mesenteric glands, when 
calcified, have a conglomerate appearance like the aggregation of many 
small particles, the ileo-caecal group being the one most commonly 
affected (fig. 2247). These calcified glands are found in the right 
iliac fossa : they can be palpated in thin patients, and are sometimes 
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tender, and generally mobile, and may in pregnancy be displaced high 
up in the upper abdomen. In visceroptosis they may be seen in the 
pelvis. Apart from mesenteric glands, calcification of other visceral 
groups is less common, isolated calcified glands being found in the cceliac, 
colic and hepatic groups in a few cases, but very rarely in the gastric 
groups. Calcification in parietal glands is more discrete, causing single, 
clear-cut shadows which in the lateral view are seen to be deep in the 
abdomen. Such shadows may be difficult to differentiate from renal 
calculi. Of the parietal glands the anterior abdominal group is very 
rarely calcified. The most difficult differential diagnosis is between a 
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calcified lumbar gland adjacent to a kidney pelvis and a renal calculus. 
These two conditions cannot be differentiated by antero-posterior and 
lateral films as in the other groups, and it is necessary both to examine 
the renal pelvis with a pyelogram and to take the clinical evidence into 
account. In the same way, gall-stones are distinguished by a chole- 
cystogram. Calcified fibroids and lithopsedion are larger than glands. 
Calcification around a foreign body assumes the shape of that body. 
The teeth in dermoids are usually recognisable as such. (Homy warts 
on the skin may throw shadows like those of calcified glands.) 

Golden and Reeves found that in 23 of 29 unselected cases the glands 
were situated in the right lower quadrant of the abdomen. This localisa- 
tion is attributed by them to the normal slowing up of the intestinal 
contents in the ileum, csecum and ascending colon, which gives the 
organisms a better opportunity of passing through the walls here than 
elsewhere in the intestinal tract. All stages of the tuberculous process 
may be found in these mesenteric lymphatic glands — tubercle forma- 
tion, caseation, and calcification. The older the patient, the more likely 
the glands are to contain calcium ; in young patients it is the exception, 
although occasionally a large, thick-walled, cystic tumour may be 
found which resembles a dermoid and contains yellow creamy material, 
together with depositions of chalk. 

The disease is very protean in its clinical manifestations, but 
frequently three varieties may be recognised : 

Clinical Types. In the acute type, which is so commonly seen in 
children, the symptoms mimic those of acute appendicitis, acute gastro- 
enteritis, acute pyogenic abdominal lymphadenitis, or “ gastric influ- 
enza.” The patient feels languid aud ill, and complains of intermittent 
bouts of abdominal pain specially referred to the umbilicus or right 
iliac fossa. The pain may be dull and dragging in nature, or sharp and 
colicky. Sometimes there are severe attacks accompanied by nausea 
and vomiting, and the pain may radiate to the back or down the 
thighs. After a day or two the pains tend to subside, only to recur 
later with added acuteness. The patient suffers from lack of energy of 
mind and body ; fever is usually continuous (99°-105° F.), although 
it may sometimes be intermittent ; and there may be constipation, 
although diarrhoea is the rule, the stools being thin, water}', dark, and 
extremely offensive. Diarrhoea is more likely to be present if there is 
any associated ulceration of the intestine. The face is pale, with flushed 
spots on each cheek, the lips are dry, the tongue coated, the breath foul, 
the extremities wasted, and the abdomen distended, tumid, and 
tender on palpation. This tenderness is most noticeable in the right 
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iliac fossa or in the hypogastrium, and on deep palpation one or two 
painful areas or palpable masses may be made out. 

These cases are usually submitted to operation after a variable 
period of watch fulness and the performance of serological tests, a 
diagnosis of ? retrocsecal or pelvic appendicitis usually being made. 
At operation the appendix will be sought for, and although it will 
often be found to be normal in appearance it should, nevertheless, 
be removed in all cases. A little clear free peritoneal fluid will be present, 
and this must be quickly mopped up or evacuated by means of a suction 
tube. The glands in the mesentery and retroperitoneum are extremely 
plentiful, slightly enlarged, and rubbery in consistency ; there is little or 
no peri-adenitis, but one or two nodes here and there may feel hard and 
gritty. After removing a gland for biopsy, the abdomen should be 
closed without drainage. The post-operative results are on the whole 
eminently satisfactory, although it is difficult to understand why this 
should be so. In some cases convalescence will be stormy, and recovery' 
to health slow, while in a few cases death will follow from a rapid 
spread of the tuberculous process or from generalised tuberculosis. 

In the chronic type of the disease, the involvement of the glands 
gravely interferes with nutrition, and the patient is wasted and anasmic, 
and tires easily on exertion. The symptoms are intensified by the 
frequent association of local tuberculous peritonitis. The abdomen Is 
distended and tympanitic, but owing to the distension no enlarged 
glands can, as a rule, be felt. In some Cases, however, nodules or a 
freely movable tumour mass can be made out to the right of the 
umbilicus. Diarrhea is a constant feature, and the fat-laden stools 
are bulky, whitish, frothy from fermentation, and malodorous. There is 
a moderate pyrexia, but the general wasting and weakness are the most 
characteristic features. Anor exia , gastric upset, chronic abdominal 
pain, the discomforts associated with a gradually increasing distension 
of the abdomen, lassitude and drowsiness are the usual symptoms of 
which the sufferer from this disease complains. 

The treatment of this condition is primarily medical, but during 
the course of the disease the following complications may’ occur and 
call for surgical measures : (1) Intestinal obstruction, which may be 
acute or chronic and which is due to adhesions which form between 
the breaking-down nodes and a neighbouring portion of the gut; 
(2) pressure effects upon neighbouring structures, e.g. at the root of 
the mesentery, compressing the third part of the duodenum and so 
producing duodenal ileus, or pressure or dragging upon the ureter 
causing ureteric colic or hmmaturia ; and (3) perforation of a breaking- 
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down lymphatic gland, simulating ruptured appendix and causing a 
localised abscess or diffuse peritonitis. 

In the thud type, the disease is spent, and only the chalky tomb- 
stones of the dead bacilli remain as witnesses of the struggle that has 
once taken place. But although calcified abdominal glands are often 
clinically silent and innocuous, they may at times be the cause of 
recurrent crippling abdominal pains, severe colic, intermittent hrema- 
turia, or even intestinal obstruction. 

Calcified abdominal glands are encountered in 65 per cent of 
subjects in the course of routine X-ray examinations. They are not 
commonly met with before the age of 12, and the sexes are affected 
with equal frequency. It is interesting to reflect that in the great 
majority of patients who have them, the glands affected are those of 
the ileo-cseeal group. This is a small group— four or five glands at the 
most^and yet it is the group picked out for tuberculous infection in 
about half the population. 

Thomson-Walker found that in 11 out of 42 cases the symptoms 
were sufficiently severe to justify the removal of the calcified glands by 
operation. The result in all these cases was the disappearance of the 
pain, whether it had been in the nature of recurrent attacks of colic or 
of continuous dull aching. It is generally agreed that, since these glands 
represent the terminal stage of the disease and since, given careful 
surgical technique, there no longer exists a danger of dissemination of 
the tubercle bacilli, the question of whether to operate or not should 
depend upon the severity of the symptoms. Operation is only justifi- 
able when the pain is recurrent and severe and is considered to be 
directly due to the presence of the glands. In those cases where htema- 
turia is due to dragging on the ureter by a mass of glands, the abdomen 
should be opened and the culpable glands removed. 
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CHAPTER III 


The Treatment op Tuberculous Glands in the Neck 

by 

Rodney Maingot 

Treatment may be either conservative or surgical. Conservative 
measures include all those which aim at a natural cure short of any 
attempt to excise a solitary gland or a group of glands. Although there 
are many adjuvants to conservative treatment, with regard to the 
value of which there are still differences of opinion, the main issues 
at stake in the treatment of this disease are the correct moment at 
which operation, if any, should be advised and the form it should take. 

In a large number of cases a natural' cure can be effected by 
adequate conservative measures before massive caseation has occurred 
in the glands. After this has taken place, there are only two methods 
of cure apart from operation : (1) The gradual replacement of the 
cheesy material in the gland by chalk ; and (2) the complete caseation 
of all the glandular tissue, its subsequent softening and discharge 
through a sinus in the neck, and, finally, the shrinking and fibrosis of 
this sinus and the remaining gland capsule. Nature’s method of cure, 
therefore, after extensive caseation has occurred, leaves unsightly 
masses or ugly puckered and depressed scars in the neck. Nature may 
be an excellent physician, but she is a crude surgeon. It would thus 
appear obvious that, in order to effect a rapid eradication of the disease 
with a minimum amount of scarring, surgery is clearly indicated after 
this stage has been reached. 

GENERAL CONSIDERATIONS 

It is impossible to lay down any definite rules to cover the treat’ 
inent of all patients suffering from this disease, as so many factors 
influence the decision in each individual case. The following general 
considerations should, however, be borne in mind : 

(1) The age of the patient may affect the choice of treatment. For 
instance, in infants up to 2 years of age conservative treatment should 
be persevered with, and if an abscess forms it should be treated on the 
simplest lines by incision and drainage. Older children, on the other 
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hand, are ideal subjects for radical operation. In adults exhibiting the 
characteristics of Type II of the disease (see page 4130), when softening 
of the gland takes place, operation should be undertaken without 
hesitation, for, although a noticeable scar may result, the disease, which 
would otherwise run a protracted course, is thus promptly eradicated. 
In old people the condition is comparatively rare and benign, and con- 
servative measures should be persevered with unless the glands are 
producing much pain or persistent discomfort. 

(2) The occupation and the economic status of the patient are often 
factors to be considered in the choice of treatment. For the average 



patient who cannot afford the time or the expense of a prolonged course 
of conservative treatment, operation should be advised. 

(3) The extent and type of the diseased glands, in other words, the 
pathological stage reached, will often be a determining factor in deciding 
upon the therapeutic measures to be adopted. For instance, a young 
adult who has no signs of active tuberculosis elsewhere in the body, 
and in whom the tonsils and adenoids and other local foci of sepsis 
have been removed, may present a number of different clinical mani- 
festations calling for various lines of treatment. Ten examples of these 
axe given below : 

(a) A single mass of glands in the carotid triangle on one side of the neck, if 
seen early, requires conservative treatment ; but if, on the other hand, the disease 
is well developed and there arc areas of softening, excision of the infected nodes 
should be undertaken (fig. 2248). 
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(b) A mass of glands in each carotid triangle should be dissected out if there 
is no improvement after a brief course of medical treatment. 

(c) A mass in the submaxillary region on one or both sides indicates excision. 

(d) A mass in the supra-clavicular region may, if small, be submitted to 
expectant treatment ; but if it is large and gradually increasing in size, excision is 
to be preferred. 

(e) Small scattered lymph nodes in one posterior triangle call for conservative 
measures, combined with X-ray or light treatment. 

(/) Many scattered, small, discrete glands in one or both sides of the neck are 
an indication for general measures. 

(jr) A large mass may be found in one side of the neck with marked peri- 
adenitis. Here local palliative measures are at first indica ted. The head and neck 
should be splinted, and fomentations applied. 

(A) A “ collar-stud ” abscess should be opened, the aperture in the deep fascia 



located and dilated, and the offending gland curetted out or completely excised 
(fig. 2249). 

(i) A large subcutaneous abscess, with the overlying skin thin and red, should 
in the first instance be incised and its walls lightly curetted. 

(j) A sinus or sinuses in the neck without any appreciable underlying mass may 
yield to heliotherapy and perhaps to X-ray treatment. If, however, there are 
persistent palpable underlying nodes, the sinus and the associated glands should 
be removed. 

(4) The presence or absence of tuberculosis elsewhere in the bod;/ 
greatly influences the choice of treatment. If the enlarged nodes in 
the neck are a manifestation of a general disease, it is obvious that 
conservative measures should be persevered with indefinitely. 

Conservative Treatment. 

Under this heading the following points call for special consideration : 
(1) The elimination of all possible sources of local infection ; (2) rest 
and attention to the general health, necessitating in certain cases 
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sanatorium treatment ; (3) local adjuvants, which include : 

(o) applications to the affected glands ; (6) aspiration of a tuberculous 
abscess, or aspiration followed by the injection of some antiseptic 
or sclerosing solution ; (c) heliotherapy ; (d) tuberculin treatment ; 
(c) radio therapy (radium or X-rays) ; and (/) drugs. 

The object of conservative treatment is to increase the natural 
resistance of the body by general and local measures, so that the course 
of the disease is arrested. As John Fraser puts it : 

“ The various measures adopted under this scheme so increase the local 
vascularity and resistance that barriers of fibrous tissue are deposited around the 
diseased focus, the effect being to isolate the disease, to cut off its nutritional 
blood Supply, possibly to strangle it by mechanical constriction, and eventually to 
convert it into a knot of fibrous or calcified tissue.” 

The eradication of local septic foci is the first step in treatment, and 
the tonsils, when present, should be enucleated by dissection in every 
case without question, whether they appear to be diseased or not. If 
there is adenoid tissue tins also should be removed. 

The measures usually adopted to improve the general health com- 
prise fresh air and sunshine, a well-balanced diet, adequate sleep, rest 
(general and local), the best hygienic conditions. possible, and careful 
attention to the bowels. Rest in bed with immobilisation of the head 
and neck will often have a surprising effect in producing both a sub- 
sidence of the glands and an all-round general improvement in the 
patient’s condition. Ambulatory cases should be fitted with a poro- 
plastic collar which holds the head rigid and does not exert any harmful 
pressure upon the glands. The collar is well padded with wool, and is 
worn both by day and by night. 

Amongst the local adjuvants, fomentations will be required where 
there is marked peri-adenitis, or when a secondary infection is 
superimposed upon a cold abscess for which drainage has been provided. 
Counter-irritants, such as painting the neck with iodine or the use of 
iodine ointments, have been recommended for early mild cases before 
caseation has occurred ; but such measures are generally deemed to be 
meddlesome and injurious. Simple aspiration of a tuberculous abcess 
in the neck may be indicated as an emergency measure, particularly 
when arrangements for operation cannot be made expeditiously. It is, 
however, an unsatisfactory routine method of dealing with the condi- 
tion, as more often than not the fluid proves difficult to withdraw 
owing to its high degree of viscosity and owing to the needle so fre- 
quently becoming clogged with thick tuberculous debris. Again, the 
cavity soon refills, thus necessitating frequent repetition of the pro- 
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cedure, which is not free from a danger of the introduction of secondary 
infection, even though care be taken to thrust the needle through 
healthy tissue and not through the most prominent part of the swelling 
where the skin is thin and devitalised. The injection of antiseptic and 
sclerosing solutions into the abscess-cavity provokes sinus formation 
rather than a process of healing. 

All observers are agreed that heliotherapy, real or artificial, i& an 
important feature in the treatment, and it requires no further emphasis 
as its benefits are so well known and outstanding. Tuberculin has at 
times been extensively used in this country in the treatment of tuber- 
culous lymphadenitis, but it is as yet almost impossible to assess its 
true value. It is generally thought, however, that even Beraneck’s 
tuberculin is not likely to arrest the tuberculous process once extensive 
liquefaction has occurred. Nevertheless, the results when treatment is 
instituted in the stage of peri-adenitis without softening are considered 
by Thompson to be very promising. 

Radium and X-rays are both useful local remedies, but the dosage 
must be very carefully measured and the treatment be administered 
only by a skilled radio-therapist. Tuberculous glands in the stage 
before breaking down has occurred respond very well to radio-therapy 
in a large proportion of cases. The treatment is given in small weekly 
doses over a period of two to three months. It should here be stressed 
that excessive dosage may lead to rapid breaking down, and thus the 
most propitious moment for surgery may be missed. Glands which have 
broken down and which are discharging can sometimes be made to 
heal in a most satisfactory manner by means of X-rays, but here much 
depends upon the extent of the suppurative process. Large masses of 
broken-down glands with multiple sinus formation do not offer much 
hope of relief by this method of treatment, although occasionally 
striking results are obtained. On the other hand, small gland masses 
with one or two discharging sinuses may respond with remarkable 
rapidity and heal completely within a few weeks. It is generally 
accepted that although X-ray treatment has a definite place in the 
management of cases of tuberculous glands in the neck, it is not, as a 
rule, to be recommended where there is abscess formation, where 
calcification or caseation is evident, or where the enlarged glands in 
the neck are complicated by secondary infection. The mode of action 
of X-rays in tuberculosis is not clear, as it has been incontrovertibly 
proved that no effect upon the tubercle bacilli is obtained with clinical 
dosage. 

Treatment with ultra-violet rays, both by local and general 
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applications, has been recommended by some authorities for the following 
types of cases : (i) Superficial sinus or scrofuloderma ; (ii) scattered 
enlarged nodes in one or both triangles of the neck ; and (iii) in certain 
instances following radical excision, particularly where an extensive 
dissection has been eSected. But, in my opinion, the majority of cases 
submitted to ultra-violet rays become worse while undergoing treat- 
ment, a fact which is also confirmed by Thompson {St. Bartholomew's 
Hosp. Reports, LX1X, 1936, 215). The drugs which are now most 
commonly prescribed are halibut- or cod-liver oil, and iodides, and 
these are usually given as a routine. Iodides are best administered 
in the form of syrup fern iod. (B.P.) in full doses for periods ranging 
from two to three years, and are particularly useful in those cases where 
the glands have not reached the stage of gross caseation. 

Operative Treatment . 

According to the pathological state reached by the gland or group 
of glands affected, operative treatment will consist of : (1) Dissection 
of the involved gland or group of glands ; (2) incision, evacuation, and 
curettage ; or (3) secondary removal of a residual gland following (2). 
A detailed description of each of these methods will be given later. 

Although excision of tuberculous glands in the neck was formerly 
a very common procedure, nowadays operation is only advised after 
careful deliberation and with discrimination. The nature of the opera- 
tion will therefore depend upon the position and extent of the disease, 
whether or not an abscess or a sinus is present, and whether one group 
of glands or more is involved. Operation is indicated"' under the 
following conditions : (1) Where a group of large glands in the neck 
shows no signs of resolution after removal of all septic foci and after 
a course of conservative treatment; (2) when, in the local type of 
the disease, the glands are spreading from one group to another; 

(3) if there is any evidence of softening ; (4) in all cases of abscess 
formation ; (5) where, after incision and drainage of a cold abscess, 
a residual mass remains which shows no evidence of subsiding under 
palliative measures; (6) where one or more long-standing, mobile 
calcified masses cause unsightly tumours in the neck ; and (7) in certain 
cases for cosmetic or economic reasons. 

There are five main contra-indications to operation : ( 1 ) If the infec- 
tion in the glands is believed to be blood-bome ; for instance, where 
there is a haphazard distribution of the glands in the neck, associated 
with enlarged nodes in the axillae or groins ; (2) in children under two 
years of age; (3) in the senile and fibrous types of the disease; 

(4) in the stage of acute peri-adenitis ; and (5) some cases where the 
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disease is seen at an early stage, when the gland, or group of 
glands, is small and mobile and there is no evidence of caseation. Here 
conservative measures are generally considered likely to prove 
successful. 

It is in the last mentioned type of case that there is such sharp differ- 
ence of opinion as to the relative merits of radical measures and con- 
servative treatment. The opponents of surgical measures maintain that 
ugly keloid or puckered scars too frequently follow excision ; that nerve 
paralyses are by no means infrequent ; that it is often difficult to be 
quite sure that all the diseased glands have been excised ; and that 
tuberculous glands in the neck are more often than not a general rather 
than a local manifestation. They also affirm that the results of conser- 
vative treatment by modern methods are eminently satisfactory. Those 
who favour excision are of the opinion that the scar will be almost 
invisible if the operation is performed by a skilful and careful surgeon 
who understands the principles of plastic surgery; that the scars 
themselves are less to be dreaded than the disease ; that nerve paralyses 
should not occur if the operation is carried out by one who is familiar 
with the anatomy of the neck ; that although there is a possibility of 
recurrence of the disease this is not sufficient to contra-indicate opera- 
tion ; that in the majority of cases where a complete dissection 
of all the involved nodes is undertaken rather than a partial 
operation there should be no recurrence ; and that in most cases 
tuberculous glands in the neck are evidence of a local disease originating 
from the tonsils or adenoids rather than of a blood-borne infection. 

Such authorities as Dowd, Miller, Tanner, Barrington- Ward, 
Grey Turner, Clute and Fraser consider that a radical removal of the 
disease in its early stage can effect a quick and permanent cure with 
good cosmetic results in over 90 per cent of cases, especially in children 
over the age of five years, and that the more advanced the disease the 
more difficult it is to cure by any means. 

OPERATIONS FOR TUBERCULOUS GLANDS IN THE NECK 

The technique of the various operations will be described under the 
following headings : 

(1) Incision and drainage. 

(2) Incision, evacuation, and curettage. 

(3) Intra-capsular enucleation of the affected gland or glands. 

(4) Radical excision : 

(а) General considerations. 

(б) Excision of individual groups of cervical lymph nodes. 
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Intra-Capsular Enucleation 

Another operative procedure, deemed by some to be safer than 
radical excision of the infected nodes, is the “ coring out ” of the 
infected lymphoid tissue from its glandular capsule. By this method 
an incision is made over the glandular mass, and with a mi nim u m 
amount of disturbance of the surrounding tissues each enlarged gland 
is palpated and a small incision made over it, after which its substance 
is enucleated, leaving the capsule itself and the surrounding lymphatic 
vessels intact. Thus the bulk of the infected tissue is removed without 
opening up any new fields to the spread of the disease. 

This operation is superior to an incomplete dissection which cuts 
across actively diseased tissues and which is liable to cause a diffuse 
tuberculous cellulitis of the planes of the neck or even a generalised 
miliary infection. 

Radical Excision 

General Considerations. 

(1) Preparation of the Patient. The patient should be admitted to 
hospital a day or two prior to operation so that he may receive the neces- 
sary pre-operative treatment and so that further investigations may be 
undertaken if required. The bowels should be opened by means of an 
aperient the day before the operation, and an enema should be given on 
the morning of the operation. A light diet rich in carbohydrates is pre- 
scribed, together -with large quantities of fluids. The hair around the 
ears and back of the head should be shaved, and this area of skin 
together with the whole neck cleansed with ether soap, rinsed with 
sterile water, dried, and then painted with tinct. metaphen (Abbott), 
tannin-alcohol, or some other suitable disinfecting lotion. The use of 
iodine is not advised as it is very prone to blister the skin, particularly 
in children. A sterile dressing is applied and the whole neck is lightly 
bandaged. In males the head is tightly covered with tlxin gauze, the 
edges of which are made to adhere to the s kin by means of collodion. 
In females a closely-fitting rubber cap covers the whole head so as to 
keep the hair away from the field of operation. 

(2) Choice of Anaslhetic. Premedication should include large doses 
of atropin or omnopon with scopolamine, this being given about three- 
quarters of an hour before the actual commencement of the operation. 
Aruestliesia is induced with nitrous oxide, followed by oxygen and ether, 
after which a rubber tube is passed into the trachea through the nose, 
and anaesthesia maintained by the inhalation endotracheal technique 
(see Yol. I, page 16). 
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(3) Position of the Patient. The patient is placed in the dorsal 
position flat on the operating table, with a small sand-bag under the 
shoulders in order to extend the head, which is turned well over to the 
sound side so as to expose the affected area. After the primary dressings 
have been removed, the whole operative field is thoroughly painted with 
the antiseptic solution previously employed, after which towels are 
arranged so as to exclude all except the actual site of operation. For 
all operations upon the neck it is essential to have powerful illumination, 
in certain cases supplemented by a head-lamp, so that every minute 
structure can be readily identified. 

(4) Instruments. The skin incision should be made with a fine 
Bard Parker knife. As soon as this is completed, the knife which has 
been used is discarded and a fresh one employed for the remainder of 
the dissection. This has the object of preventing any infection from 
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being carried by the knife from the skin surface into the deeper struc- 
tures. The Mayo pattern of scissors and Dennis Brown dissecting 
forceps are useful instruments in any case where tuberculous glands 
require excision (fig. 2251). 

(5) Incisions. The incisions will vary according to the site and size 
of the mass or masses to be removed, but all incisions are placed trans- 
versely r, should lie as far as possible in the normal creases of the neck, and 
should correspond with the lines of stress. Vertical or T- or L-shapcd 
incisions are now never employed for the removal of tuberculous glands 
in the neck because they leave unsightly scars, and are unnecessary, 
as there is no mass of glands, however large, that cannot be success- 
fully removed through transverse incisions. Where glands occur 
simultaneously in the upper and lower parts on one side of the neck, 
two parallel transverse incisions should be made in preference to one 
long vertical one. For details of the various incisions employed when 
dealing with the removal of glands in the different parts of the neck see 
page 4161. Figure 2252 shows the various methods employed in 
suturing the wound at the completion of the dissection, A being that 
chiefly used by the writer. 

(6) Some points in technique. After the skin incision has been made, 
tetra-cloths are affixed to the subcutaneous tissues of the edges of the 
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wound, but not to the skin itself. The incisions themselves should be 
large enough to afford a clear vision of all the structures. Haemostasis 
must be complete and the dissection must be carried out with the 
utmost gentleness and daintiness, the point of the knife being kept close 
to the capsule of the gland. There must be no hurry or fluster, and each 
step must be complete before advancing to the next stage of the 
operation. Moynihan writes on this point as follows : 

“ In all the movements of the surgeon there should be neither baste nor waste. 
It matters less how quickly an operation is done than how accurately it is done. 
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B. Michel clip* supported 
by tension sutures. 
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Speed should result from the method and the practised facility of the operator, and 
should not be his first and formal intention. It should be an accomplishment — 
not an aim. And every movement should tell, every action should achieve some- 
thing. A manipulation, if it requires to be carried out, should not be half-done and 
hesitatingly done. . . . Infinite gentleness, scrupulous care, light handling, and 
purposeful, effective, quiet movements which are no more than a caress, are all 
necessary if an operation is to be the work of an artist, and not merely of a hewer 
of flesh. For every operation, even those procedures w hich are now quite common- 
place, should be executed not in the spirit of an artisan who has a job to get 
through, but in the spirit of an artist who has something to interpret or create.” 
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The infected glands must not be grasped with haemostats or sharp- 
toothed forceps for fear of spilling tuberculous material in the wound. 
The nodes themselves must not be crudely avulsed with the finger cr 
by blunt dissection with the handle of the knife, and disinfectants should 
on no account be poured into the wound either during or at the comple- 
tion of the operation. Blood-vessels which have been clipped should be 
ligatured at once with fine catgut, and the wound should not be obscured 
by numerous haemostats applied to bleeding points. Nothing must be 
severed which cannot be identified, and no important structure must 
be sacrificed. It is the surgeon’s duty to see that such nerves as the 
spinal accessory and the muscular branches of the third and fourth 
cervical receive no injury. It is better to leave infected tissue behind 
than deliberately to injure any important nerve trunk. 

The nodes must be removed en bloc together with the cellular tissues 
and fat in which they are embedded. If dissection of the glands is 
indicated, nothing short of a complete removal of all the involved nodes 
should satisfy the surgeon if a permanent cure is to be obtained. 
The tendency nowadays to remove only one or two large glands, 
leaving the remainder to look after themselves, cannot be too strongly 
condemned. 

Great care should be taken in closing the wound, and the edges of 
the plafcysma should be most accurately approximated with closely 
applied interrupted sutures of fine catgut. Drainage is advisable in 
all cases, and this is best supplied by means of rubber cigarette drains 
of fine dental dam. The skin edges are usually united with interrupted 
sutures of fine silkworm-gut or horse-hair carried on small eyeless needles, 
the individual stitches being placed close to one another (almost side 
by side) and being tied with the greatest care to avoid tension and cut- 
ting or marking of the skin. Occasionally, Michel, Kifa or Herf 
clips are used, either singly or in combination with interrupted sutures. 
Most of the clips are removed in 24-48 hours and the stitches on the 
second, third or fourth day. If, however, a subcuticular stitch is used 
to approximate the skin edges, it should be left in situ for at least a 
week. 

At the completion of the operation the head and neck are bandaged 
in such a way as to produce immobilisation, but not tightly enough to 
cause any obstruction of the veins of the neck which will lead to 
congestion of the face. 

(7) Post -Operative Treatment. When the patient returns to bed, 
the usual anti-shock treatment is employed. After he has fully 
recovered from the anesthetic lie is placed in the sitting position, and 
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tlie head and neck are further immobilised. The dressings are changed 
in 24 hours, and the tubes are removed. If metal clips alone have been 
used to approximate the slfin edges, it may be wise to remove the 
majority on the following day, leaving one or two in position for a 
further day or two in order to relieve any undue tension on the wound. 
Any collections of serum should be evacuated, and after each toilet of 
the wound the neck should be firmly bandaged. After the clips or 
sutures have been removed, lavish paintings of the wound with double 
strength calamine lotion are found to be not only agreeable and soothing 
to the patient but also helpful in reducing any cedema and in hastening 
healing and the formation of a sound fine scar. Short applications of 
well-screened radium plaques will reduce any tendency to keloid 
formation in the scar, and infra-red rays judiciously given have also a 
beneficial effect in expediting healing of the wound. 

(8) Difficulties, Dangers , and Complications . The commonest reasons 
for disappointment following operations for the excision of tuberculous 
nodes in the neck are the following : an incision which is either too 
small or not well placed ; poor illumination ; lack of anatomical know- 
ledge on the part of the operator ; attempted excision when peri-adenitis 
is advanced and adhesions are numerous and firm ; septic infection of 
the wound as a result of bad technique ; and dissemination of the infec- 
tion as a 'result of diseased tissue being cut across aud all the involved 
nodes not being removed en masse. 

Some of the more frequent complications may be conveniently 
discussed under the following headings : 

(а) Hamorrhage. The internal jugular vein may be torn or cut 
close to its exit from the jugular foramen, causing swamping of the 
wound with blood. This hamorrhage can usually be arrested only with 
the greatest difficulty and with tedious waste of time. Haemorrhage 
commonly occurs when the surgeon cuts blindly in the depths of the 
wound with scissors, or mistakes stretched blood-vessels for strands of 
connective tissue when undue traction is made upon the nodes during 
the process of dissection. When these taut blood-vessels are severed 
they immediately retract out of sight, flooding the wound and ren- 
dering the subsequent steps of the operation more difficult by obscuring 
the structures to be dissected. 

(б) Air-embolism. This is prone to occur when the external jugular 
vein is cut close to the point where it pierces the deep fascia at the 
outer border of the sterno-mastoid muscle, just above the clavicle, or 
whenever the internal jugular vein or one of the other large veins in 
the root of the neck has been incised or torn across. The condition i3 
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recognised by a sudden gush of dark blood into the wound, accompanied 
by hissing sounds produced by air being sucked into the vein. 
This accident may lead to sudden death unless prompt emergence 
measures are taken to check the entry of air into the circulation by 
pouring saline into the wound, by digital compression of the aperture 
in the vein, or by grasping the severed ends with hsemostats. In certain 
cases where the patient appears moribund after such an accident and 
shows no signs of recovery, it may be wise to make an epigastric 
incision, compress the heart, and squeeze it against the chest wall. This 
method of massaging the heart constitutes a rational attempt to 
force the bubbles of air onwards into the pulmonary vessels, but its 
chances of success are very remote, irremediable damage having 
already been done to the central nervous system. 

(c) Wounds of the thoracic duct. (See page 4099.) 

(d) Formation of a hcematoma or cystic swelling due to exudation of 
divided lymph vessels. Should a cystic swelling form, the fluid should 
be evacuated by removing a stitch or two, or by probing the wound 
with sinus forceps. A small rubber tube or a strip of corrugated rubber 
should be inserted into the wound and stitched into position. 

(e) Injuries to important nerves. The nerves most frequently 
injured in operations for tuberculous glands in the neck are the spinal 
accessory, the cervical branch of the facial nerve, the muscular branches 
of the third and fourth cervical, and the hypoglossal. If the spinal 
accessory nerve is severed before it pierces the sterno-mastoid, the 
muscle becomes partly paralysed and atrophic, but movements of the 
head are not greatly impaired, and there is no subsequent torticollis. 
Division of the nerve in the posterior triangle causes partial paralysis of 
the trapezius muscle, but no disability of any great consequence. 
Division of the muscular branches of the third and fourth cervical 
nerves together with division of the spinal accessory nerve causes 
paralysis of the trapezius muscle with atrophy. The shoulder on the 
affected side droops, and the inferior angle of the scapula becomes very 
prominent and is rotated towards the spine. The cervical branch of the 
facial nerve is too frequently divided during operation for removal of 
the upper deep cervical group of glands or the submaxiilary nodes. 
This nerve sends twigs to the upper portion of the platysma, the 
depressor labii inferiors and the nsorius. Injury to this important 
nerve, which gives rise to temporary drooping at the angle of the 
mouth, must be avoided by dividing the platysma transversely on a 
level with the hyoid bone, fully 1 inch behind the angle of the jaw, and 
by dissecting the muscle with the upper flap of skin so that the nerve 
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is carried with this flap. When the hypoglossal nerve is severed there 
will be atrophy of the corresponding half of the tongue, which is 
protruded towards the injured side. It is surprising how well compen- 
sated this injury may be. 

(9) Results of Surgical Treatment. The carefully followed-up cases 
of a large number of experienced surgeons have shown that a complete 
cure may be expected in over 90 per cent of the localised cases. For 
instance, in 1420 operations, John Fraser, one of the greatest authorities 
on this subject, had only 17 patients who returned for minor secondary 
operations. The best results are obtained in cases which come early for 
treatment before caseation is marked. The scar in such cases is hardly 
noticeable because extensive resection is unnecessary and complete 
excision is possible. If operation is undertaken before the appear- 
ance of sinuses and abscesses, recurrence is rare. If these complica- 
tions are present and radical surgery is undertaken, it is obvious 
that the chances of complete cure are not so good ; but, nevertheless, 
with modem technique and improved methods of carefully regulated 
doses of X-rays, the combination of surgery and radio-therapy for 
such cases offers good results. The operative mortality for excision of 
tuberculous glands in the neck is less than 1 in 2000. A few patients 
will die of post-operative pneumonia, which is preventable ; from 
dissemination of the disease (miliary tuberculosis) ; from phthisis ; 
or from tuberculous meningitis ; but in the writer’s experience such 
fatalities are happily unknown. 

Excision of Individual Groups of Cervical Lymph Glands 

(1) Mastoid or Post- Auricular Glands. These glands lie upon the 
upper part of the sterno-mastoid muscle over the mastoid process. 
They drain the adjoining area of the scalp, the back of the pinna, and 
the external auditory meatus, while their efferents drain into the upper 
deep cervical group. A transverse incision is made just behind the ear, 
over the swollen nodes, which are then dissected out. Nothing of 
importance will be divided except perhaps the posterior auricular vein 
or some twigs of the great auricular nerve. 

(2) The Pro- Auricular Gland and the Parotid Glands. The pre- 
auricular gland lies immediately in front of the tragus, the situation 
being so constant that a swelling not exactly in front of the tragus 
cannot arise from this gland. The gland lies superficial to the parotideo- 
masseteric fascia, i.e. the fascia covering the parotid salivary gland. It 
drains the outer surface of the ear and the adjoining area of the scalp. 
The parotid glands are situated both in the superficial portion of the 
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parotid salivary gland and deep to it, i.e. between it and the side wall 
of the pharynx. The superficial glands drain the eyelids, the front of 
the scalp, the external auditory meatus, and the tympanic cavity. 
The deep glands receive lymph from the naso-pharynx and the back 
of the nose. The transverse facial vessels are on a superior plane under 
the zygomatic arch, while Stensen’s duct is anteriorly placed and on a 
much deeper plane. The facial nerve is situated below and at a deeper 
level than the glands. The pre-auricular gland is removed through a 
small transverse incision immediately in front of the tragus (fig. 2253). 
The greatest care must be taken in dissecting out the parotid lymph 
glands on account of the proximity of the branches of the facial nerve. 



A few twigs of the great auricular nerve will always be cut. In certain 
cases where there has been considerable suppuration of these glands 
with marked peri-adenitis, it is better to shell out the involved glands 
from their capsule rather than to dissect them out entire. 

(3) Occipital Glands. These comprise two or three small glands 
which lie at the apex of the posterior triangle, midway between the 
mastoid process and the external occipital protuberance. They receive 
lymph from the posterior part of the scalp and arc commonly enlarged 
and tender in pediculosis, eczema, or impetigo of the area which they 
drain. As the glands lie near the great occipital nerve they may, when 
they enlarge in tuberculous disease, press upon the nerve and cause 
neuralgia in the distribution of the nerve. These glands should be 
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sjtc ved by caking a transverse incision ov e r the anterior border of 
the trapezius. high up near the base of the skuR. The great cecipit.il 
nerve and the occipital artery are situated beneath tie deep fascia on a 
deeper plane than tie gland s, and are not l ikd y to be injured. The 
occrphal vein, however. which is more superuciiL will usually be 
drvHetL 

(4) SujiOjZcial CWrieuI GizvAs. These glaud s lie in tie superficial 
fascia around tie external jugultr vein cn tie outer surrnce of tie 
stemo-mastoid muscle. They drain the parotid region and the lower 
part of tie pinna. They are b<sr removed through a transverse incision 



placed in one of the creates of the neci. If the snperncial glands lower 
down are simultaneously involved, these nL-o should be etched through 
a STT-hUr incision. 

(-5) > , mri>en.‘.d The glands here lie in the submental 

triangle on the deep fascia covering the mylo-iycii muscle. The mylo- 
hyoid artery and nerve are situated on a deeper plane the elands 
which drain the rip cf the tongue, the central portion of tie lin. .-.rd the 
door of the mouth. The submental vein and the tributaries of tie 
anterior jugular vein are necessarily divided when these gLands are 
being excised. The inc i si on usually employed it?r the dissection of 
these gauds is a all transverse cne placed mil wav between the 
point of the jaw and the hycid bone (ng. ±i54). or preferably just above 
the hyoid bene. Vertical incisions in tins shun do a are to be deprecated, 
as they leave ugly scans. 
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(6) Submaxillary Lymph Glands. Most of the lymph glands in 
this region lie in the groove between the sub maxillary salivary gland 
and the mandible, but some of them are embedded in the substance of 
the salivary gland itself. These glands drain the inner side of the eye, 
the cheek, the angle of the mouth, the side of the nose, the whole 
of the upper lip, the outer part of the lower lip, the gums, and a certain 
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portion of the tongue. As it is necessary to remove the sub maxillary 
salivary gland in most cases where the lymph nodes in this area are 
diseased, a brief note on the anatomy of this region may be given as a 
reminder. 

The subuiaxillary salivary gland lies between the mandible and the hyoid bone, 
partly underneath the mandible, and crowded in between this bone and the mylo- 
hyoid muscle. Superiorly, it abuts on the mylo-hyoid line ; interiorly, it is limited 
by the bellies of the digastric muscle ; posteriorly, it extends to the angle of the 
mandible, and is separated from the parotid salivary gland by fascia ; anteriorly, 
it reaches to a point corresponding to the mental foramen. It is the infero-Iiteral 


4 £i«* 


EOSIWStDClTE: SCE&S EST 
TQTnitT THti qjt m;ilHrim x rmniFsennt umifrum, aver - diii" onCiiiiar Banner at 
die- mnednm. tifirfL un> near die uaee nc die ifcilL TSe- 2 Eeas ocafprcii 
3urmj .iruS ~Re mancidliarta^f JT 2 r iinruiretl beneedLdie keen ciiscla. oai 
•Uouzhjt zLunt dun? die- gd aiik. oniR ora one 2k*Iy ni> Be injure:!. Tile- 
‘leemini! ^ hht. juimsvtsE. tuiuIL ih- muts -mcerataal! will uifixailw Be 
t&sxiaiL 

!4 'PtineriaaE <L "ismtztZ iSasuCi. T!nae ifamlir He in, die- -junerduBiL 
auHsa* lanirnc ~Bi>- nxaninr ? '*in on. die uureir iurnice- an die 

■ ffl*niwi)iisgm5 anibcik. T!Iiew 'inm, die piraal r^nn. and. die- luw.ir 
asm irdie-numa. Tiliewjri-Biiir iriniuve'tdirnii^xnrnneveEie meRHtm- 



ameit'ti jL'inu: in die ar^ a. ie s- on die- me ii c . Id die iun^rdniiLC viRwiia- Unveir 
'Sure as* . iS m i i Rcmn iiiAj JLvnl-yaLdieae oiai iinmiu.be «sdL*E dmrnuin 
. 1 . ■iiinnur-bTirBHnir. 

l.T-i AmmeauB •ZEukU- TSe u-uuik Rer- tie.- in. die- iiuimenmL 
irdurjuf an. die- .ieen -diiicia. eaverSnr die nrdk-RvmtE muscle.. URe nrdie 
jr^ui in imurx . unc nerwf arc xEminK l am a. 'iiener g!mi£ diuu. die- jjanfi*- 
W-iicR. iinih .diedn tin die dmune..die cinrm! nurdun. nr , .-inif- die 

£i»ur oaf trie rnaiudL TZ5» i- snnmenniil wsh. anti; die udLumrfee an cue 

mEmr auHiiiur .im • nmimrainff* iuwuii.*jti T iii»n diiete nr * 

BeiiiiC mmsem. TEie innBfihn . asiKiiEw emnlurrui: ion: die: at 

im i ese jiimiff is- x • 'fina l ! ii niy nuuietii rrnip i -- i m • ijetJ^yeem d 1 ^ 

giurffi an die 3 lw .uun die- R^ani* Bane- ( die. — 14, i. or g tBferaiiCr fiisr an a vs* 
dLiripnmRiaiii. T irrita! mieaune an cmik flruuubn..uriui beTuenirieane.! 
at durr anc?% tmtT jcrem- 



LYMPHATIC SYSTEM 


4163 


(6) Submaxillary Lymph Glands. Most of the lymph glands in 
this region lie in the groove between the submaxillary salivary gland 
and the mandible, but some of them are embedded in the substance of 
the salivary gland itself. These glands drain the inner side of the eye, 
the cheek, the angle of the mouth, the side of the nose, the whole 
of the upper lip, the outer part of the lower lip, the gums, and a certain 
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Fig . 2253 . — Dissection 
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portion of the tongue. As it is necessary to remove the sub maxillary 
salivary gland in most cases where the lymph nodes in this area are 
diseased, a brief note on the anatomy of this region may be given as a 
reminder. 

The submaxillary salivary gland lies between the mandible and the hyoid bone, 
partly underneath the mandible, and crowded in between this bone and the mylo- 
hyoid muscle. Superiorly, it abuts on the mylo-hyoid line ; interiorly, it is limited 
by the bellies of the digastric muscle ; posteriorly, it extends to the angle of the 
mandible, and is separated from the parotid salivary gland by fascia ; anteriorly, 
it reaches to a point corresponding to the mental foramen. It is the infero-litera! 
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surface that comes into view so readily daring dissections of the glands in the neck. 
It is covered by skin, superficial fascia containing the platysma muscle and the 
cervical branch of the facial nerve, and the deep fascia. The facial vein crosses the 
gland close to its true capsule, but under cover of the deep fascia. The facial 
artery hooks forward above the stylo-hyoid and digastric muscles, producing a 
deep groove in the posterior portion of the submaxillary gland, to reach its lateral 
surface, and then proceeds downwards and forwards between the gland and the 
mandible to reach the lower border of the bone at the antero-inferior angle of 
the masseter muscle. At this point it pierces the deep fascia and runs upwards into 
the face. The mandibular branch of the facial nerve emerges from the lower end 
of the parotid salivary gland, pierces the deep fascia, and runs forwards below the 
mandible under cover of the platysma. It co mmuni cates with the transverse 
cervical and great auricular nerves, supplies the platysma muscle, and gives off 
twigs in an upward and inward direction to supply the muscles of the lower lip 
(fig. 2255). The hypoglossal nerve hooks round the external carotid artery, crosses 
the lingua! artery, and proceeds forwards and inwards, deep to the tendinous 
portion of the posterior belly of the digastric muscle, where it will be seen to lie 
upon the hyo-glossus muscle below the deep part of the submaxillary salivary 
gland. This nerve lies deep to the fascia covering the hyo-glossus muscle, and 
should therefore be immune from injury during dissections in this part of the neck. 
It gi\es off branches to the muscles of the tongue. The lingual nerve lies under 
cover of the mandible on the hyo*glosaus muscle at a much higher level than the 
hypoglossal nerve, and may be inadvertently severed when the sub maxillary duct 
is being divided. 

Operation. In all those cases where involved glands appear to be 
inseparably adherent to the submaxillary salivary gland, it is better 
to remove all the glands en bloc, including the submaxillary salivary 
gland itself : but where some of the superficial nodes only are diseased, 
the gland may be spared. 

The incision commonly employed for the dissection of these glands 
is a curved one, starting in the mid-line between the symphysis menti 
and the body of the hyoid bone. From there it extends downwards to 
the tave\ of the hyoid, passes outwards across the neck, and ascends 
along the anterior border of the stemo-mastoid muscle, to end 1 inch 
below the angle of the jaw. This incision is planned so as to avoid 
cutting across the mandibular branch of the facial nerve, the platysma 
being dissected upwards together with the upper flap. This incision 
does, however, leave a noticeable scar, and for results it cannot be 
compared with the alternative one — a transverse incision which is 
made just below the mandible in the shadow of the jaw (fig. 2256). 
This latter incision is deepened down to, but not through, the platysma 
muscle, and after ligature of all the bleeding points in the subcutaneous 
tissues, the upper and lower skin flaps axe widely dissected off the under- 
lying platysma muscle, which in this region is a comparatively thick 
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muscular band. The lower flap of skin is dissected downwards well 
below the ala of the hyoid bone, and is drawn firmly downwards with a 
small retractor. The platysma muscle is here carefully divided trans- 
versely, exposing the underlying deep cervical fascia. The upper edge 



Ft g. 2256 — Dissection of submaxillar* oroup of lymph glands. Tiik r lata ska is beino divided 
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of the cut platysma muscle is seized with Allis forceps and retracted 
upwards to permit of this flap of muscle being dissected free from the 
underlying glandular mass, at the same time preserving its nerve supply 
and not in any way damaging the slender nerve twigs to the angle of 
the mouth. 
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The excision of the glands should now be undertaken after the deep 
cervical fascia has been freely incised. After the surgeon has tied the 
facial vessels, the submaxillary salivary gland with all the involved 
lymph nodes is dissected off the bellies of the digastric muscle and from 
the muscular floor of the triangle, i.e. from the mylo-hyoid, the hyo- 
glossus, and the superior constrictor. When the dissection reaches the 
border of the mandible, the facial vessels are tied at the lower edge of 
the bone at the antero-inferior angle of the masseter, where it is seen to 
pierce the deep fascia and bend upwards into the face. The greatest 
care must be taken in removing the deep part of the submaxillary gland 
and in tying off Wharton’s duct, as the lingual nerve which crosses the 
duct may here be in danger of being injured. The hypoglossal nerve 
is at a lower level, lying on the liyo-glossus muscle above the hyoid 
bone, and is covered by fascia and the tendons of the digastric and 
stylo-hyoid muscles. It should not be injured if its position in relation 
to the deep part of the submaxillary gland and duct is remembered. 
In certain instances it may be advisable to remove the submental 
glands if they appear in the medial portion of the wound. 

The wound is closed with the utmost care, the cut edges of the 
platysma muscle being approximated with closely applied interrupted 
sutures of the finest catgut, introduced with the greatest precision, 
and the skin edges neatly united with interrupted sutures of horse-hair 
or fine silkworm-gut. 

Excision of the Upper Deep Cervical Group of Glands 

The incision should always be generous so as to afford access to 
both the anterior and the posterior groups, and so as to permit of a 
radical removal of all the infected glands in this region. It should he 
so planned that it lies in one of the natural creases of the neck, and 
should commence at the anterior border of the trapezius near the base 
of the skull, and proceed obliquely downwards and forwards to finish 
in the middle line of the neck close to the upper border of the thyroid 
cartilage. It should likewise be below the tip of the mastoid process, 
and should not approach nearer than one finger’s breadth to the angle 
of the jaw, lest the important cervical branch of the facial nerve be 
severed. The incision is deepened for the whole length of the wound, 
the platysma is divided, and the skin flaps with the adherent platysma 
arc freely dissected in an upward and downward direction (fig. 2257). 
After all bleeding points have been ligatured, tetra-cloths are affixed to 
the skin edges, and the wound is then kept widely open by means of a 
Joll self-retaining thyroid retractor. 
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The sterno-mastoid (covered by deep fascia) will now be exposed, 
with the external jugular vein running vertically downwards over it, 
and the superficial nerves, i.e. the transverse cervical, the great auricu- 
lar, and the small occipital, will be displayed near the middle of the 
posterior border of this muscle. A long segment of the external 
jugular vein (together with any adjacent superficial glands) should be 
excised, but an attempt should be made to spare the superficial nerves 
— in particular, the great auricular nerve, in view of its sensory supply 
to the side of the face. The anterior border of the sterno-mastoid is 



now defined, a vertical incision is made through the deep fascia at the 
anterior border of this muscle, and the deep surface of the muscle is 
dissected off its sheath. If the muscle is infiltrated with tuberculous 
material, the infected portion must be excised. An effort should next 
be made to identify the internal jugular vein above and below the mass, 
after the sterno-mastoid has been firmly retracted backwards. The 
anterior group of glands is then dissected from the submaxillary salivary 
gland, and from the posterior belly of the digastric muscle above ami 
the omo -hyoid below. 

After the common facial vein has been ligatured, the glands arc 
separated from the deep structures— the carotid sheath, and the middle 
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The excision of the glands should now be undertaken after the deep 
cervical fascia has been freely incised. After the surgeon has tied the 
facial vessels, the submaxillary salivary gland with all the involved 
lymph nodes is dissected off the bellies of the digastric muscle and from 
the muscular floor of the triangle, i.e. from the mylo-hyoid, the hyo- 
glossus, and the superior constrictor. When the dissection reaches the 
border of the mandible, the facial vessels are tied at the lower edge of 
the bone at the antero-inferior angle of the masseter, where it is seen to 
pierce the deep fascia and bend upwards into the face. The greatest 
care must be taken in removing the deep part of the submaxillary gland 
and in tying off Wharton’s duct, as the lingual nerve which crosses the 
duct may here be in danger of being injured. The hypoglossal nerve 
is at a lower level, lying on the hyo-glossus muscle above the hyoid 
bone, and is covered by fascia and the tendons of the digastric and 
stylo-hyoid muscles. It should not be injured if its position in relation 
to the deep part of the submaxillary gland and duct is remembered. 
In certain instances it may be advisable to remove the submental 
glands if they appear in the medial portion of the wound. 

The wound is closed with the utmost care, the cut edges of the 
platysma muscle being approximated with closely applied interrupted 
sutures of the finest catgut, introduced with the greatest precision, 
and the skin edges neatly united with interrupted sutures of horse-hair 
or fine silkworm-gut. 

Excision of the U ppcr Deep Cervical Group of Glands 

The incision should always be generous so as to afford access to 
both the anterior and the posterior groups, and so as to permit of a 
radical removal of all the infected glands in this region. It should be 
so planned that it lies in one of the natural creases of the neck, and 
should commence at the anterior border of the trapezius near the base 
of the skull, and proceed obliquely downwards and forwards to finish 
in the middle line of the neck close to the upper border of the thyroid 
cartilage. It should likewise be below the tip of the mastoid process, 
and should not approach nearer than one finger’s breadth to the angle 
of the jaw, lest the important cervical branch of the facial nerve be 
severed. The incision is deepened for the whole length of the wound, 
the platysma is divided, and the skin flaps with the adherent platysma 
are freely dissected in an upward and downward direction (fig. 2257). 
After all bleeding points have been ligatured, tetra-cloths are affixed to 
the skin edges, and the wound is then kept widely open by means of a 
Joll self-retaining thyroid retractor. 
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The stemo-mastoid (covered by deep fascia) will now be exposed, 
with the external jugular vein running vertically downwards over it, 
and the superficial nerves, i.e. the transverse cervical, the great auricu- 
lar, and the small occipital, will be displayed near the middle of the 
posterior border of this muscle. A long segment of the external 
jugular vein (together with any adjacent superficial glands) should be 
excised, but an attempt should be made to spare the superficial nerves 
— in particular, the great auricular nerve, in view of its sensory supply 
to the side of the face. The anterior border of the stemo-mastoid is 



now defined, a vertical incision is made through the deep fascia at the 
anterior border of this muscle, and the deep surface of the muscle is 
dissected off its sheath. If the muscle is infiltrated with tuberculous 
material, the infected portion must be excised. An effort should next 
be made to identify the internal jugular vein above and below the mass, 
after the stemo-mastoid has been firmly retracted backwards. The 
anterior group of glands is then dissected from the submaxillary salivary 
gland, and from the posterior belly of the digastric muscle above and 
the omo-hyoid below. 

After the common facial vein has been ligatured, the glands arc 
separated from the deep structures — the carotid sheath, and the middle 
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and inferior pharyngeal constrictors. As the glands are stripped off 
the internal jugular vein in an upward direction, the spinal accessory 
nerve should be identified and cleared, after which dissection on a more 
superficial plane is carried out up to the lower portion of the parotid 
gland. The main trunk of the facial nerve issuing from the stylo- 
mastoid foramen h’es above the posterior belly of the digastric muscle, 
but considerably further forwards near the mandible. The cervical 
division of the facial nerve, however, lies in the lowest portion of the 
parotid gland, covered by dense fascia, and is in danger of being cut 
in the dissection which is necessary when the masses have to be freed in 
this area. It should be remembered that, as the dissection proceeds in 
the upper part of the carotid triangle, the main mass of glands overlies 
the hypoglossal nerve, the occipital artery, and the internal and external 
carotid arteries, as well as the internal jugular vein. 

In the ma jority of cases the glands will easily strip away where they 
are not adherent to the internal jugular vein, particularly after the 
sheath has been divided. If. however, they are firmly adherent to the 
vein, it will be necessary to resect a portion of the vessel in order to 
facilitate their removal. Owing to the many tributaries which join the 
vein in its upper part and render its isolation very difficult, it is better 
to divide the vein inferiorly and to dissect it upwards rather than the 
reverse. A lateral ligature to a wounded portion of the vein wall is not 
advised, as it is so prone to be forced off during post-operative vomiting. 
It is far better in such cases to divide the vein completely across and 
to tie both ends securely. 

At an early stage of the dissection the spinal accessory nerve must be 
sought for. displayed, and freed from the glands. The nerve will be 
seen to enter the deep surface of the stemo-mastoid muscle from behind 
the posterior belly of the digastric muscle, approximately 1-14 inches 
below the tip of the mastoid process. The sterno- mastoid branch of the 
occipital artery is a good guide to the nerve, as it runs to the muscle 
superficial to the nerve. If glands axe felt in the posterior triangle, the 
deep fascia at the posterior border of the stemo-mastoid should be 
divided, and, after the muscle has been retracted forwards and inwards, 
the freed mass of glands in the anterior triangle is drawn into this area 
so that both groups of glands may be completely excised together. It is 
advisable to keep the surface marking of the spinal accessory nerve well 
in mind during the dissection of the posterior group of glands, as the 
enlarged nodes are apt to alter the course of the nerve, and considerable 
risk of injury is entailed if a prolonged and determined search for it is 
made amongst them. The nerve emerges about the middle of the 
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posterior border of the sterno-mastoid, and proceeds downwards and 
outwards, finally disappearing under the anterior edge of the trapezius 
muscle. The muscular branches of the third and fourth cervical nerves 
are often the main supply of the trapezius, and run below the spinal 
accessory nerve. They may be large, in fact individually larger than 
the spinal accessory nerve itself, for which they may be mistaken. 
When the spinal accessory nerve has been found, it is drawn aside, and 
the glands are then stripped from the back of the internal jugular 
vein. 

Finally, the glands are dissected from the muscles of the posterior 
triangle, and after the small group that hides between the levator 
scapulae and the splenius capitis has been freed, the whole glandular 
mass with its surrounding fibro-fatty envelope is removed. Haemo- 
stasis is then assured, the platysma carefully sutured, drainage 
provided, and the skin edges accurately approximated. 

Excision of the Lower Deep Cervical Group of Glands 

These glands are removed through a curved incision which is made 
about two inches above the clavicle, commencing at the anterior border 
of the trapezius muscle and proceeding forwards to the middle line 
of the neck about 1 inch above the supra-stemal notch. The terminal 
part of the external jugular vein will be cut and tied at the posterior 
border of the stemo-mastoid muscle where it pierces the deep cervical 
fascia. 

The descending, fan-like supra-clavicular nerves of the neck will 
likewise be divided. The incision is deepened and the deep fascia is 
divided transversely at the same level for the whole length of the 
wound. In order to expose the glands more clearly, the clavicular head 
of the stemo-mastoid muscle is divided about 1 inch above the clavicle 
and retracted inwards. Some surgeons, however, do not consider it 
advisable to divide the prevertebral fascia ; in fact, without doing so, 
the glands can easily be removed, with no fear of damaging the phrenic 
nerve, the nerve of Bell, or the slender twigs which supply the rhomboid 
and the levator scapulae muscles, all of which lie behind this strong 
fascial curtain. 

The spinal accessory nerve should be identified and protected where 
it crosses the upper part of the incision and where it will be seen to lie 
on the levator scapula} {fig. 2*258). The posterior belly of the omo-hyoid 
is then sought for, and the fascia which binds it to the clavicle is 
divided, after which the glands are dissected from the floor of the 
posterior triangle in an upward direction. The fascia covering the 
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anterior border of the stern o-mastoid muscle is divided, and this 
muscle is retracted forwards and outwards to allow the freed glands 
to be drawn underneath it. The omo-hyoid muscle is drawn upwards 
and, after the transverse cervical and supra-scapular vessels have been 
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tied, the glandular mass is forcibly drawn upwards and inwards in 
order to expose the main brachial nerve trunks. 

The glands are now dissected off the internal jugular vein which 
lies deep to them. The vagus nerve lies behind the internal jugular 
vein in front of the vertebral vein, and will not be injured if the operator 
keeps the point of the knife close to the capsule of the glands, even when 
the involved glands extend behind this important vein. 

While dissection is being carried out in this portion of the left 
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side of the neck, the white beaded thoracic duct will be seen, and should 
be protected from injury. In those cases where all the cervical glands 
on one side of the neck have to be removed through two transverse 
incisions, after the upper glands have been dissected free, they are 
drawn into the lower incision, and after the lower glands have been 
freed, the whole mass of glands is taken away en bloc. 

REFERENCES : 

Barrington- W ard. Index of Treatment, by various writers, edited by Robert 
Hutchison, 1931, 10th Ed. (Wright, Bristol). 

Babbjngto.v-Wabd. Lancet, June 2, 1933, CCXXJV, 1193. 

BEESLY and Johnston. Manual of Surgical Anatomy, revised by Bruce and 
Walmsley, 4th Ed (Oxford Med. Publ ), 1933. 

Choyce. System of Surgery (Cassell), 1932, III, J F. Dodson on “ Lymphatic System.” 
Clcte. Ann. Surg., Nov. 1927, 86, 666, " The Surgical Treatment of Tuberculous 
Glands of the Neck.” 

Fraser, John. Surgery of Childhood, 1926, II (Arnold). 

Gauvaix. Brit. Med. Jl., 1935, II, 1087. 

Hanford. AM'. State Jl. Med., Oct. 1928, 1159, “Early Diagnosis and Early 
Radical Operation in Tuberculous Lymphatic Glands of the Neck ” 

Hanford Surg. Clin, of *Y. America, April 1933, 301, “ Surgical Excision of 
Tuberculous Lymph Nodes of the Neck ” 

Hanford International Clinics, 1923, IV, 115, “Some Applied Pathology of Tuber- 
culous Cervical Lymph Glands ” 

Lake and Marshall. Surgical Anatomy and Physiology (Lewis), 1934. 

Levitt. Personal Communication on the X-ray Treatment of Tuberculous Glands 
m the Neck, 1937. 

Lloyd. Parsons and Barling’s Diseases of Infancy and Childhood (London), 1933, 
II. 1112. 

McGregor. A Synopsis of Surgical Anatomy (Wright, Bristol), 1936, 3rd Ed. 
Miller. Annals of Surg., Oct. 1931, 559, “The Present Status of the Treatment 
of Tuberculosis of the Cervical Lymph Nodes.” 

Miller. Tuberculosis of the Lymphatic System (Macmillan). 

Miller. J A.M.A., 1933, 79, 350, “ The Treatment of Tuberculous Cervical 
Adenitis.” 

MoyMHAN. Addresses on Surgical Subjects, 1928 (Saunders). 

Ramsay. Med. Press and Circ, April 1933, 311, “The Conservative Treatment of 
Tuberculous Cervical Adenitis.” 

Rollier. Brit. Jl. Actinolherapy, March 1927, I, 18, “ Heliotherapy and Surgical 
Tuberculosis.” 

Tanner. Modern Operatiie Surgery, 1935, II, edited by Grey Turner (Cassell). 
Thompson. Lancet, April 25, 1936, 916, “The Treatment of Tuberculous Cervical 
Glands.” 



CHAPTER IV 


The Dissemination of Malignant Disease 

by 

W. Sampson Handley 

LYMPHATIC ANATOMY 

A knowledge of lymphatic anatomy is an essential part of the equip- 
ment of the surgeon or the radiologist who has to deal with malignant 
disease. The reader is specially referred to Sappey’s great work, Les 
Vaisseaux Lymphatiqiies , with its beautiful plates, to Leafs translation 
of Poirier, Cuneo and Delamcre’s work. The Lymphatics (Constable, 
1903), or to H. Rouviere’s larger and more recent book, Anatomic des 
Lymphatirptes de V Homme (Paris, Masson, 1932). 

It will be necessary to refer here to certain anatomical facts con- 
cerning the lymphatic system which are important in dissemination, 
{hough they are usually ignored in anatomical text-books. 

Visceral Lymphatic Anatomy. 

Each of the viscera has its own complex lymphatic system. It is a 
fact of capital importance in dissemination that underlying the pleura 
and peritoneum are rich subserous lymphatic plexuses co-extensive in 
area with the serous membranes and forming an easy highway for 
permeation. The subserous lymphatic plexuses are in communication 
through the muscular parietes with the great fascial lymphatic plexus 
to be later described. The meninges, though often said to be free from 
lymphatics, present a rich subdural plexus which must facilitate the 
spread of secondary cerebral deposits. 

Parietal Lymphatic System. 

In the parietes the lymphatic arrangements are relatively simple, 
and are of great surgical interest owing to the frequency of cancer of 
the skin and of its appendage — the mamma. 

Fascial Lymphatic Plexus. 

In the deeper layer of the subcutaneous fat, lying upon the deep 
fascia, is a rich lymphatic plexus— the fascial plexus, which forms a 
network, close-meshed in some parts such as the palm of the hand, 
more open in the less vascular regions (fig. 2259). This plexus is a 
single unity, a complete network of fine channels investing the entire 
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body, and is tie main highway for the spread of parietal 
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and cutaneous secondary nodules frequently occur, the intervening 
skin may show no sign of cancer. Such, nodules are to be regarded as 
isolated “ efflorescences ” from the infected fascial lymphatic plexus 
beneath. The area of infected fascia is always larger than the area of 
skin showing nodules, a fact of great surgical importance. 

Muscular Lymphatics. 

Tributaries from the underlying muscles run into the fascial plexus 
on its deep aspect. The muscular lymphatics in turn communicate with 
the subserous plexuses. These fine anastomotic connections enable 
cancer-cells from superficial cancers to reach the ccelomic cavities. 
Sometimes, on the other hand, the cells of visceral cancers may thus 
reach the fhscial plexus and may produce subcutaneous nodules. 

Concomitance of Lymphatic Vessels and Blood-vessels. 

Just as gas, water and electric mains often run in the same con- 
duits, so in the body an artery, one or two veins and two lymphatic 
vessels are normally found in company, and this fact has important 
consequences, for the rupture of a cancerous lymphatic may initiate 
infiltration round the concomitant vessels with ultimate invasion of the 
venous or arterial lumen. In melanotic saicoma I have traced all stages 
of this process. It probably also occurs in late stages of carcinoma. 

Initial Obstacles to Dissemination. 

It is to be noted that at first the cancer-cells have no access to the 
vessels either of the lymphatic or of the hsemic system. The haemic 
system is, of course, a completely closed one. The lymphatic vessels 
also form a closed system which does not communicate with the tissue 
interspaces. The lymphatic capillaries begin as closed sacs of endothe- 
lium which unite to fonn lymphatic vessels, and these to form larger 
lymphatic vessels, which, after passing through a series of filter-beds— 
the lymphatic glands— empty into the venous system by the thoracic 
duct, the right lymphatic duct and, according to Leaf, by a communi- 
eating vessel in the groin. 

It is further to be noted that according to my observations {Genesis 
of Cancer, Kegan Paul, 1931), pre-cancerous areas are areas in which 
the lymphatics have been destroyed by previous attacks of obliterative 
lymphangitis. Permeation can only begin when the infiltrating cancer- 
cells reach patent lymphatic vessels. Hence the primary growth usually 
attains a considerable size before enlargement of the glands indicates 
that lymphatic spread has begun. If the area of pre-cancerous oblitera- 
tion of the lymphatics is a very large.one, as, for instance, in lupus- 
cancer, dissemination is usually prevented, however locally malignant 
the disease may be. 
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instance, for a growth at the right margin of the anus, or on the right 
lower extremity, or on the right side of the back below the level of the 
umbilicus, only the right inguinal glands will need removal- In an 
early cancer of the breast only the homolateral glands will be affected, 
but as soon as permeation crosses the middle line, embolic infection of 
the glands of the contralateral a xilla occurs. 

If a growth starts at the junction of two lymphatic areas two sets 
of glands will need removal. For example, in a squamous-cell ed car- 
cinoma in the middle line below the umbilicus, both sets of inguinal 
glands most be removed. A si milar growth at the level of the umbilicus 
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and to the right of it would infect the axillary and inguinal glands of the 
right side. A growth actually at the umbilicus would simultaneously 
invade the axillary and the inguinal glands of both sides. 

Lymphatic Anatomy of the Skin. 

The basic fact in the minute lymphatic anatomy of the skin is that 
each papilla has as its central structure a minute capillary lymphatic 
end-sac, the same arrangement being seen in the intestinal villus. 
Groups of these end-sacs unite to form lymphatic vessels in the super- 
ficial third of the dermis and then continue vertically through the 
subcutaneous fat to join the fascial plexus (fig. 226Q). 

The skin appears to be divided into small lymphatic areas of | — | 
an inch in diameter, between which there is little co mmuni cation except 
by way of the underlying fascial plexus. It results that cancer has 
little tendency to spread in the plane of the slcin. Thongh subcutaneous 
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and cutaneous secondary nodules frequently occur, the intervening 
skin may show no sign of cancer. Such nodules are to be regarded as 
isolated “ efflorescences ” from the infected fascial lymphatic plexus 
beneath. The area of infected fascia is always larger than the area of 
skin showing nodules, a fact of great surgical importance. 

Muscular Lymphatics. 

Tributaries from the undeilymg muscles run into the fascial plexus 
on its deep aspect. The muscular lymphatics in turn communicate with 
the subserous plexuses. These fine anastomotic connections enable 
cancer-cells from superficial cancers to reach the ccelomic cavities. 
Sometimes, on the other hand, the cells of visceral cancers may thus 
reach the fascial plexus and may produce subcutaneous nodules. 

Concomitance of Lymphatic Vessels and Blood-vessels. 

Just as gas, water and electric mains often run in the same con- 
duits, so in the body an artery, one or two veins and two lymphatic 
vessels are normally found in company, and this fact has important 
consequences, for the rupture of a cancerous lymphatic may initiate 
infiltration round the concomitant vessels with ultimate invasion of the 
venous or arterial lumen. In melanotic saicoma I have traced all stages 
of this process. It probably also occurs in late stages of carcinoma. 

Initial Obstacles to Dissemination. 

It is to be noted that at first the cancer-cells have no access to the 
vessels either of the lymphatic or of the hamiic' system. The luemic 
system is, of course, a completely closed one. The lymphatic vessels 
also form a closed system which does not communicate with the tissue 
interspaces. The lymphatic capillaries begin as closed sacs of endothe- 
lium which unite to form lymphatic vessels, and these to form larger 
lymphatic vessels, which, after passing through a series of filter-beds 
the lymphatic glands — empty into the venous system by the thoracic 
duct, the right lymphatic duct and, according to Leaf, by a communi- 
cating vessel in the groin. 

It is further to be noted that according to my observations (Genesis 
of Cancer, Kegan Paul, 1031), pre-cancerous areas are areas in which 
the lymphatics have been destroyed by previous attacks of obliterative 
lymphangitis. Permeation can only begin when the infiltrating cancer- 
cells reach patent lymphatic vessels. Hence the primary growth usually 
attains a considerable size before enlargement of the glands indicates 
that lymphatic spread has begun. If the area of pre-cancerous oblitera- 
tion of the lymphatics is a very large one, as, for instance, in lupus- 
cancer, dissemination is usually prevented, however locally malignant 
the disease may be. 
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Proliferation-pressure of Cancer-cells. 

The diss e mina tion of cancer is an effect of the ceaseless tendency to 
proliferate, which is a fundamental property of the cancer-cell. The 
proliferating masses of cells are forced quasi-mechanically along the 
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lines of lea*t resistance. Rupture of the basement membrane gives 
the cancer-cells access to the intercellular spaces of the adjacent 
connective tissue, and their local spread through these spaces by 
infiltration forms the primary growth. 
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growth, the small lymphatics of the surrounding tissues beyond its 
infiltrating edge are permeated and the dissemination of the growth has 
begun. 

Fate of Permeated Lymphatics. 

It is quite difficult to find evidence of permeation in the tissues 
round the primary growth, unless the search is a systematic one. A 
permeated lymphatic is not a permanent structure. The proliferation 
of the contained cancer-cells distends and finally splits up the lymphatic 
vessel (figs. 2264 and 2265). Before rupture occurs, the internal pressure 
has so damaged and devitalised the cancer-cells that the vigorous 
inflammatory reaction which follows on the rupture, and the fibrosis 
which ensues, are able to destroy the cancer-cells. I have traced every 
stage of this process, which may be called pcri-lymphalic fibrosis (figs. 
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2266 and 2267). It is a locally curative process, but, for reasons which a 
little consideration will make obvious, it is quite incompetent to arrest 
the spread of the cancer. It always occurs just too late, since the dis- 
tension of the lymphatic which is preliminary to rupture and fibrosis 
forces the cancer-cells still further afield, into hitherto intact regions of 
the lymphatic network. 

The Microscopic Growing Edge. 

At a certain stage in the progress of the growth, and beyond its 
infiltrative growing edge, there is a devastated area, apparently normal 
to the naked eye, in which the permeated lymphatics have undergone 
fibrosis and have been replaced by solid threads of fibrous tissue. In 
this area there may be found here and there isolated microscopic 
secondary nodules of cancer, due to the sporadic and local failure of the 
protective process of peri-lymphatic fibrosis. Though apparently 
isolated, these nodules have arisen in continuity with the primary 
growth as terminal outcrops of the insidious process of permeation. 

Beyond this devastated area a careful search may detect the real 
microscopic edge of the growth — a zone of permeated lymphatics a few 
millimetres wide. Here, distension, rupture and fibrosis are absent 
and there is no round-celled infiltration. 

The gradual spread of permeation through the tissues is comparable 
to the spread of a ringworm from its point of origin. On any old tomb- 
stone with its lichens, or on the fireback with its spreading circles of 
incandescent soot, a similar process may be seen. In cancer it is in- 
visible and can only be traced laboriously by the microscope, but 
sometimes it is clinically manifested in the centrifugal spread of a 
crop of subcutaneous nodules (see fig. 2270). 

Epigastric Invasion of the Abdomen in Breast Cancer . 

In breast cancer, permeation of the fascial plexus in the region of 
the ensiform cartilage frequently leads to permeation of the sub- 
peritoneal lymph plexus of the underlying parietal peritoneum. Trans- 
ccelomic implantation next produces nodules upon the adjoining upper 
surface of the liver, while at the same time cancer-cells fall into the 
pelvis and produce ovarian secondary deposits. Other cancer-cells 
may be encysted by the omentum with the production of nodular 
omental deposits, or may adhere to and grow upon any part of the 
peritoneal surface. 

Invasion of the Fascial Lymphatic Plexus in Stomach Cancer . 

In gastric carcinoma, permeation of the suhserous lymphatic plexus 
over the growth may take place at an early stage, and cancer-cclls soon 
escape into the peritoneal cavity. Transccelonnc implantation then 
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occurs, followed by permeation of tlie subserous lymphatic plexus near 
the site of the implantation. In the region of the umbilicus the sub- 
serous lymphatic plexus is only separated from the fascial lymphatic 
plexus by the linea alba, which is pierced by communicating lymphatics. 



Permeation extends to the fascial plexus, and a crop of subcutaneous 
nodules, at first close to the umbilicus (fig. 2-271), but extending ceutrifug- 
ally from it. may signalise the spread of permeation in the fascial plexus. 




These nodules may eventually spread up to the vertex of the skull, 
downwards to the middle of the thigh, and almost down to the elbow. 
The opposite convexities of the circle of permeation may meet in the 
middle of the back (fig. 2272). 

A similar extreme extension of permeation in the fascial plexus is 




LYMPHATIC SYSTEM 4181 

sometimes seen in breast cancer, but here too the distal portions of the 
limbs escape so that blood dissemination is excluded. These extreme 
cases show that permeation is theoretically able to penetrate the entire 
body, since the finest anastomotic lymphatics offer no barrier to its 
advance. Fortunately, it is, as a rule, a slow process, though more 
rapid than infiltration. 

Mode of Spread of Permeation. 

Permeation begins at the edge of the primary growth and spreads 
away from it in a centrifugal manner, but owing to the anatomical 



arrangements of the lymphatic system the permeated area of tissue is 
not usually spherical. The process spreads most easily in the plane of 
the main lymphatic plexus of the part. Thus in cutaneous and mam- 
mary cancers the plane of maximal spread is the plane of the deep 
fascia, and this is the layer which requires the most extensive removal. 
But after a time cancer-cells arc forced by the increasing pressure in the 
main plexus to grow into the little tributaries which reach it from the 
skin above and from the muscles beneath, and a smaller circular area of 
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s kin and muscle is invaded. These facts are the key to operative 
treatment for all parietal cancers. They show that the portion removed 
must be accurately centred on the primary growth aud that it must 
be circular in shape, since permeation spreads in a centrifugal manner. 
They indicate the necessity of removing a limited circular area of 
possibly infected skin around the primary growth. When this area has 
been marked out. thin skin flaps must be raised until a large circular 
area of deep fascia has been exposed for removal. This is circum- 
scribed by a circular incision down to the muscles, and its thin edges 
are now raised up from the muscles, working from the periphery towards 
the centre of the operation field. Finally, an area of muscle subjacent 
to the primary growth is also removed. These are the general principles 
which govern equally an operation for breast cancer and one for any 
dissemina ting growth of the skin such as a melanotic sarcoma. The 
operation must also take into account the process of lymphatic embolism 
and remove the lymph glands in one piece with the primary growth, 
the permeated area of tissue around it. and the trunk lymphatics which 
run from, the growth to the glauds (“ mouobloc ’* operation). 

Permeation around Secondary Deposits. 

Xot only does permeation occur round the primary growth, but 
also around every secondary deposit. Thus, for instance, when a 
lymphatic gland is invaded by lymphatic embolism its idle tributary 
and efferent lymphatics proride particularly easy routes for permeation 
of the surrounding district. This is easy to demonstrate round the 
inguinal glands in melanotic sarcoma of the lower extremity. The 
fact has surgical importance. I have shown that in melanotic sarcoma, 
when the inguinal glands are removed, it is essential also to remove a 
surrounding circular area of the deep fascia. 

Trunk- Perineal io n. 

It is but rarely that permeation of the larger lymphatic vessels can 
be seen by the naked eye, but figure 2273 shows it beautifully in cancer 
of the bowel, and cases of permeation of the thoracic duct, though rare, 
are well recognised. 

Trunk-permeation is a late event, since for a long time the lymph 
stream scours out the larger vessels. In the capillary lymphatics the 
feeble stream has no influence on the spread of permeation which pro- 
ceeds as readily against the stream as with it. Before trunk-permeation 
occurs, the primary growth and the infected glands may be excised 
separately without incurring the penalty of recurrence. Later, a 
monobloc operation is essential to prevent recurrence in the line 
of the trunk lymphatics. 
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Lymph-Gland Embolism. 

Before the process of permeation has extended very far from the 
primary growth some of the cancer-cells will project into the lumen of 
a trunk lymphatic, and a new’ factor conies into play. In the larger 
lymphatics the lymph stream is strong enough to sweep away the 
intruding cancer-cells. They are carried to the nearest lymphatic 
gland and deposited in its capsular sinus. 

Lymph glands act for a considerable time as a barrier to the further 
spread of cancer-cells which reach them. The cancer-cells proliferate 
through the meshes of the gland, enlarging it and finally destroying its 
lymphatic structure. They finally reach the efferent lymphatics of the 
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gland and may permeate along these vessels to the next set of glands. 
Embolism at this stage is unlikely, since the stream of lymph through a 
gland must cease when it is choked by cancerous growth. 

The high frequency of lymph-gland enlargement as the first clinical 
evidence of dissemination is a conclusive proof that the earlier and 
surgically important stage of the process takes place usually by way of 
the lymphatic system. This is confirmed by the fact that if a breast 
cancer is removed before the axillary glands are infected, about four 
cases out of five remain free from recurrence. The absence of remote 
deposits at the time when gland enlargement first declares itself shows 
that at this period spread by the blood stream is a negligible factor. 
Were tins not so, the ablation of cancer would be a hopeless enterprise. 

Retrograde Lymphatic Embolism . 

Some authors have asserted that retrograde lymphatic embolism 
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is an important factor in dissemination. For instance, in breast 
cancer, when the homolateral axillary glands are blocked by growth, it 
is assumed that the lymph stream, setting towards the opposite breast, 
will cam* cancer-cells to the opposite axillary glands. But the presence 
of valves in the trunk lymphatics will prevent reflux, and the fine 
anastomotic plexus of the middle line in any event acts as an effective 
filter which cancer-cells can only pass by permeation. I have shown 
that no outlying embolic foci can be found outside the microscopic 
"rowing edge of a breast cancer except in the glands. 

By-pass Lymphatic Trunks. 

Certain trunk lymphatics may pass by the first set of glands in 
their course, ultimately to reach glands more remote. Thus, some of 
the lvmphatics of the forearm avoid the bicipital gland and run direct 
to the axillar y glands. In a recent case of multiple X-ray cancer of 
the fingers, the bicipital gland was free from cancer-cells, which were, 
however, present in one of the axillary glands. 

Invasion of a Gland often precedes Clinical Enlargement. 

In the case just referred to. no enlarged glands could be felt prior 
to operation. It illustrates the validity of the surgical principle that 
except in growths known not to disseminate (rodent ulcer, lupus-car- 
cinoma, and osteoclastoma) it is essential to cut the main line of 
dissemination by a complete removal of the regional glands, even if 
these glands appear clinically normal. If age and debility forbid this 
ideal course, a prolonged follow-up at short intervals is essential. The 
radium treatment of glands has hitherto not been so successful as to 
compete with their surgical removal. In certain carcinomata, e.g. of 
the lip and tongue, radium to the primary growth and surgical removal 
of the glands appears to be the method of choice. 

In dealing with late or specially malignant growths it may be 
advisable to excise not only the regional glands, but also the set higher 
up. This is always advisable in melanotic sarcoma. For instance, if 
in this disease the axillary glands are enlarged, the supra-clavicular 
glands, even if not enlarged, should also be removed. 

Gland Invasion from different Primary Sites. 

It is impossible to deal in detail with glandular invasion from even- 
site in which a growth may arise. Certain points of special surgical 
importance need a brief reference. 

Carcinoma of the Breast. 

As soon as lymphatic dissemination begins, the obstacles to per- 
manent success after operation are formidable, owing to the rich and 
complex lymphatic connections of the breast. 
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Internal Mammary Gland Invasion. 

Upon evidence that has never been challenged, the writer showed 
{Surg., Gyn., and Obst., December 1927, 721) that when the axillary 
glands are invaded by growth there is a presumption that the internal 
mammary glands also are invaded. The two invasions are broadly 
simultaneous, but in carcinoma of the inner edge of the breast, that of 
the internal mammary glands may actually be the earlier. It may be 
inferred that in the average operation case of breast cancer with 
enlarged axillary glands the disease is already intra- thoracic. Fortun- 
ately, though the surgical removal of the internal mammary glands is 
hardly practicable, they can he dealt with by radium tubes introduced 
when the breast is removed, a procedure which, at the end of tliree years, 
show’s an improvement of 10 per cent in the non-recurrence rate. 

Apical Axillary Glands. 

After operative clearance of the axilla it is very rare to see axillary 
recurrence, provided the clearance has been complete. Unfortunately, 
owing to their sheltered position, the apical glands of the axilla, lying 
upon the first digitation of the serratus magnus internal to the axillary 
vein and immediately below the clavicle, frequently escape removal. 
It is important to know that owing to a lymphatic trunk which pierces 
the great pectoral muscle to reacli them directly, these glands may be 
infected before the lower glands of the axilla. 

Aortic Gland Invasion. 

After invasion of the internal mammary glands the next intra- 
thoracic glands to be attacked are the glands in the superior medias- 
tinum on the arch of the aorta. This hopeless stage of thoracic invasion 
may have been reached in cases which appear operable. While the 
modern operation has almost abolished local recurrence, it cannot 
prevent the ultimate fatal evolution of deep latent foci within the chest. 

If spread from the internal mammary glands to the glands on the 
arch of the aorta has occurred prior to operation, it is likely that a 
superior mediastinal tumour, with upper sternal dullness, dysphagia, 
dyspnoea, pleural and pulmonary deposits, and perhaps spinal mefca- 
stases, will develop after a period of apparent health. This type of 
recurrence is due rather to the patient’s procrastination than to any 
defect of surgical method. Even in such cases operation justifies itself 
by prolonging the patient’s span of normal active life, and by averting 
the distress of external ulceration and lympha'clema of the arm. 

Supra-clavicular Gland Invasion. 

The first gland above the clavicle to show’ enlargement in breast 
cancer is situated in the lower and inner augle of the posterior triangle, 
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or behind the clavicle. This gland has connections both with the internal 
mammary glands and with the apical axillary glands. Subsequently, 
glands lying in the omo-hyoid triangle are involved, and next the glands 
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of the main cervical lymphatic chain. Still later, a gland appears at the 
lower and inner angle of the posterior triangle of the opposite side. 
The evolution here repeats that on the homolateral side. 

The early removal of enlarged supra-elavicular glands may avert 
recurrence for periods up to ten yearn, especially if combined with the 
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use of radium in the floor of the wound, and along the main cervical 
chain up to the base of the skull. I recently saw a case free from 
recurrence 22 years after such an operation. 

Growths of the Testicle. 

The descent of the testicle from its original position just below the 
kidney into the scrotum involves no change in its efferent lymphatics 
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except their elongation. They continue to drain into the aortic glands 
at the level of the renal veins (fig. 2274). 

Consequently, lyinph-gland enlargement in testicular growths must 
be sought for in the epigastric angle at about the level of the pancreas, 
where a deep Iiomolatcral induration may be palpable near the middle 
line. 

The glands subsequently affected are those upwards along the 
oesophagus and perhaps at the root of the neck. Thus an enlarged gland 
in the omo-hyoid triangle may be the first clinical indication of an 
unobserved testicular growth. 

It is not difficult to remove the lymphatic pedicle of the testicle 
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in the submaxillary glands, or if they arise further back, debouch 
directly into the tonsillar gland. One of the anterior marginal 
lymphatics runs to a gland of the main chain situated lower than 
the tonsillar gland. 

(3) Posterior , arising from the region where the anterior pillar of the 
fauces joins the tongue, run either into the tonsillar gland, or 
into the submaxillary glands and thence to the tonsillar gland. 

(4) Central, coming from the interior of the tongue. 

Thus, as Poirier says, the efferent lymphatics of the tongue have a lower 
destination, the further forward in the tongue they arise. It is even 
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through an external iliac incision up to the level of the renal veins, and 
the operation permits accurate radiation of the glands up to the dia- 
phragm by im planted radium tubes on stout wires. In a recent case 
where I carried out this operation the highest gland removed was 
invaded by growth. • 

The testicle should be removed in one piece with the spermatic 
vessels and lymphatics. The vas deferens should be traced down into 
the pelvis and divided just above the bladder. 

Stomach Cancer. 

The lymphatic vessels of the mucosa of the stomach run to a rich 
subserous plexus, continuous over the whole stomach. From this 
plexus a series of lymphatic trunks concomitant with the gastric arteries 
arises and, according to the destination of these vessels, the stomach is 
divisible into three lymphatic regions, hepatic, splenic and coronary. 
The boundaries of these regions and the glands corresponding to them 
are indicated in H. Rouviere’s diagram (fig. 2275). Cancer arising in 
the “ splenic ” area of the stomach has a better prognosis than 
cancer of the lesser curvature, apparently because its lymphatic 
connections are more restricted. It is probable that the use of 
buried radium tubes to deal with the glandular areas after gastrec- 
tomy would improve results. A study of figure 2275 will indicate 
how they should be placed. 

Tongue Cancer. 

It is important to know that the lymphatic vessels of the tongue 
decussate freely across the middle line. Jamieson and Dobson (Brit. 
Journ. Surg., July 1020, 80) showed that only a very limited region 
of the tongue, namely the posterior two-thirds of the lateral margin, 
drains exclusively into the glands of the same side. For cancers arising 
anywhere else in the tongue, gland infection on both sides may be 
expected* and a bilateral glaud operation is indicated. 

The lymphatics from the various regions of the tongue, from its apex 
to its base, take a more or less parallel direction downwards and back- 
wards, ultimately, after perhaps passing through intermediate glands, 
reaching the glands of the deep main cervical chain. 

Poirier divides the collecting vessels of the tongue into four main 
groups (fig. 2276) : 

(1) Ajrical, two in number, one running direct to the sub-omo-hyoid 
gland low down in the main cervical chain, the other running 
to the submental gland. 

(2) Marginal, coining from the lateral border and following the course 
either of tile lingual artery or of the lingual vein, terminate 
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in the submaxillary glands, or if they arise further back, debouch 
directly into the tonsillar gland. One of the anterior marginal 
lymphatics runs to a gland of the main chain situated lower than 
the tonsillar gland. 

(3) Posterior, arising from the region where the anterior pillar of the 
fauces joins the tongue, run either into the tonsillar gland, or 
into the submaxillary glands and thence to the tonsillar gland. 

(4) Central, coming from the interior of the tongue. 

Thus, as Poirier says, the efferent lymphatics of the tongue have a lower 
destination, the further forward in the tongue they arise. It is even 
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a gland operation for cancer, as Butlin showed many years ago, 
most extend from the base of the skull to the sterno-clavicular joint, 
and must remove all the glands of the main chain and those of the sub- 
maxillary triangle. It may be unilateral only if the disease has begun 
in the posterior two-thirds of the lateral margin. The writer would add 
that, in his opinion, although the exposure of the internal jugular vein 
in its whole length is an essential preliminary of the operation, the 
removal of this vein and still more of the carotid artery is a gratuitous 


Fig. 2-TS — A "XOvoBUtc" opera no v tor 
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(Photographs b’j Mus D. CUphanc.) 


complication of the operation which aggravates its risks without 
improving its results. 

Growths on the Cheek. 

A recent case of melanotic sarcoma of the middle of the cheek may 
be taken as illustrating lymphatic spread from this situation. Xo 
enlarged glands could be felt before operation, but the operation 
disclosed black glands beneath the parotid fascia, in the pre-auricular 
region, and in the submaxillary triangle. The tonsillar gland was 
much enlarged, and from this gland infection had spread up and down 
the main lymphatic chain of the neck as high as the base of the skull, 
and down to the omo-hyoid. 

The primary growth, its efferent lymphatics and the glands were 
removed in one piece by a troublesome dissection (fig. 2278) which 
necessarily divided some of the branches of the facial nerve. A year 
later the patient shows no sign of recurrence. 
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Dedal Growths. 

Growths beginning in the anal canal below the white line, which is 
formed by an invagination of the skin, metastasise to the inguinal 
glands, usually of both sides. Rectal growths higher up first cause 
enlargement of the glands in the mesorectum as high as the promontory. 
Later, the internal or external iliac glands and the aortic glands may 
enlarge. Still later, by way of communicating lymphatics through the 
inguinal canal, the inguinal glands may be infected. 

Lymphaedema in Cancer. 

The blocking by permeation of large areas of the lymphatic system 
in cancer often leads to a lymphatic cedema of the skin (pea it d’oranye), 
sometimes to a massive cedema of a whole limb (brawny arm), and 



sometimes to a serous effusion in the pleura or peritoneum. Serous 
effusions appear to be the result of permeation of the subserous lym- 
phatic plexuses by which, normally, excess serous fluid is absorbed 
(fig. 2279). Ascites and pleural effusion are frequent immediate causes 
of death in cancer. 

Pressure of growth masses on veins, by increasing transudation, 
may aggravate lymphatic cedema. Lymphcedema does not necessarily 
mean that the cedcxnatous tissue contains cancer-cells, it only implies 
that permeation has blocked the lymphatics somewhere between the 
(edematous area and the glands into which it drains. 

The Dclative Share of the Uamiic and Lymphatic Systems in Dis- 
semination. 

There is no doubt that cancer may spread either by the lymphatics or 
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by the blood stream. Naked-eye demonstration, of this statement is 
afforded by the exceptional cases in which the inferior vena cava, or 
the thoracic duct, may be found plugged by growth. But in carcinoma 
and in melanotic sarcoma, and possibly in other sarcomata, the main 
highway of the disease until it is far advanced is certainly the lymphatic 
system, partly because access to the blood stream is more difficult, 
but mainly because healthy blood is a medium hostile to the life of 
epithelium, exciting an organising thrombosis which destroys the cancer- 
cells. 

In the last stages of the disease the resistance of the blood to 
colonisation by cancer-cells may break down. Thus R, Volk described a 
case of gastric carcinoma which had invaded the liver. Cancerous 
pulmonary embolism had occurred, and daughter-nodules were found 
in the kidneys, in the brain, and upon atheromatous ulcers in the 
abdominal aorta. 

Local Invasion of the Blood-Vessels in the Primary Growth. 

In certain sarcomata the blood-vessels, often thin-walled and rudi- 
mentary, lie embedded in a mass of neoplastic cells, and local invasion 
of the blood stream must occur early, but dissemination in sarcoma has 
not been accurately studied, save in melanotic sarcoma, a subject 
which will be dealt with later. 

In rare and exceptional cases of breast cancer Delbet and Mendaro 
have demonstrated local invasion of the blood-capillaries. In the aged, 
breast cancer may exceptionally first manifest itself by the sudden 
appearance of a haematoma in the breast, a proof of the erosion of blood- 
vessels by the growth. Such cases, however, do not at this stage present 
evidence of widespread dissemination. Dissemination to the bones in 
advanced breast cancer, without any glandular enlargement, is not 
unknown. 

Destruction of Cancerous Emboli in the Blood Stream. 

M. B. Schmidt in forty-one cases of abdominal malignant disease 
found fifteen cases in which cancerous emboli were present in the 
lungs. In seven of the'fifteen cases no macroscopic deposits were found 
in the lungs or liver, or in the course of the systemic circulation. Only 
three cases showed deposits in the lungs visible to the naked eye. It 
may be inferred either that the embolism only occurred just before 
death, or that the emboli were, as a rule, destroyed promptly after reach- 
ing the blood stream. Schmidt states definitely that most of the emboli 
are destroyed by organisation of their ensheathing thrombus, or arc 
encapsuled and rendered harmless. 

Goldmann found that when the wall of a vein is infiltrated by 
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growth a protective thrombosis may occur within the vein. He also 
showed that invasion of the veins near the primary growth might occur 
in cases which were found post mortem to present no metastases. 

It thus appears that invasion of the blood stream in malignant 
growths, though it may be frequent, is usually late and ineffective, 
except perhaps in some sarcomata. 

Of late there has been a tendency to hark back to the embolic 
theory of dissemination. R. A. Willis {The. Spread of Tumours in the 
Human Body , J. and A. Churchill, 1934) has recently stressed the 
importance of blood dissemination, basing his views on the examination 
of portions of tissue selected as suspicious at necropsy, and has brought 
forward new and interesting evidence. He found evidence of blood 
dissemination in 15 per cent of cases. But random sampling of the 
tissues cannot determine the relative shares of the blood and lymph 
systems in dissemination. It is necessary to adopt microscopic methods 
on a macroscopic scale, and to examine long strips of tissue extending 
radially from the primary growth into the surrounding tissues. Using 
this method I have shown that lymphatic permeation is the main agent 
in the earlier stages of dissemination. Whereas cancer-cells in a blood- 
vessel excite a thrombotic reaction which usually destroys them, 
cancer-cells in a lymphatic produce no visible reaction. It is only when 
the lymphatic has become distended by the growth within it that 
round-celled infiltration and other signs of inflammatory reaction are 
manifested around it. 

Distribution of the Secondary Dejmits . 

If cancer is distributed by the blood stream, the cancer emboli 
should lodge by choice in the terminal arteries, especially at the extremi- 
ties of the limbs, and should affect with equal frequency the side on 
wliich the growth originates and the opposite side of the body.- Invasion 
of the lungs, in which the emboli must lodge before they can reach the 
systemic circulation, should be more frequent than that of the other 
viscera. A general outburst of metastases at widely different points 
all over the body should follow the infection of the blood stream. 

This is not the picture of cancerous dissemination. The process 
clinically begins by the embolic invasion of the nearest set of lymphatic 
glands— clear evidence that the disease is using the lymphatic channels. 
}vext, secondary nodules appear always iu the immediate neighbour- 
hood of the primary growth. In the subcutaneous tissue the nodules 
spread in a centrifugal manner away from the primary orowth, involv- 
ing a gradually increasing circular area centred upon it. °In exceptional 
cases this circular area may extend up to the scalp, down below the 



LYMPHATIC • SYSTEM 


4195 


groins, and as far as the middle of the humerus, but the forearms and 
legs are almost invariably free, though they are election sites for non- 
cancerous embolism. So too, the bones below the elbow and the knee 
arc only very rarely the sites of secondary deposits. The proximal 
ends of the humerus and femur are invaded more frequently than the 
distal ends. Piney has attempted, though unconvincingly, to explain 
this difference as due to the persistence of red marrow in the proximal, 
but not in the distal ends of these bones. Willis stresses the importance 
of local differences of “ soil ” for the incipient metastases as determining 
metastatic distribution. 

Transccebmic Implantation. 

The slow spread of permeation ultimately carries cancer-cells either 
to the subpleural or the subperitoneal lymphatic plexus. Shortly 
afterwards, by erosion or rupture of the permeated subserous lympha- 
tics, cancer-cells escape into the serous cavity. From this moment 
events march with rapidity to a fatal end. The cancer-cells distribute 
themselves widely through the serous cavity under the influence of 
gravity and of visceral movement. They attack the viscera which are 
in relation to the serous membrane, and soon visceral deposits manifest 
themselves. Prognosis, hitherto obscure, now becomes easy — deatli 
within a year. 

In rarer cases, invasion of the cranial cavity either by permeation 
upwards along the main deep cervical chain of lymphatics, or .by blood 
embolism, may terminate the case. 

Bone Deposits in Cancer. 

In 1906 an examination of the bone deposits in 329 cases of breast 
cancer led me to question the doctrine that such deposits arise from 
blood dissemination. It appeared that in general the liability of a bone 
to cancerous deposit increases with its proximity to the site of the 
primary growth, and that the bones distal to the knee and elbow 
escape invasion except in the rarest instances. 

The point of invasion of the femur was found to be the base of the 
great trochanter, that of invasion of the humerus the deltoid insertion. 
These are subcutaneous areas where the bone is in close contact witli the 
fascial plexus, which, as we have seen, is the main highway of parietal 
permeation. It appeared highly probable, therefore, that the centri- 
fugal spread of permeation through the fascial plexus was the agency 
which carried infection to these bones. The conclusion was supported 
by the observation that out of eight cases in which only one femur was 
affected by growth, the disease was on the same side as the primary 
breast growth in six cases. Such a preference for the side of the primary 
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growth, when considered in connection with the almost universal escape 
of the distal bones of the limbs, seemed quite inconsistent with such 
a process as blood embolism which would affect impartially both sides 
of the body, and would for choice attack the distal portions of the 
limbs, where non-cancerous emboli often lodge. Spontaneous fracture 
of the humerus, it is true, seemed to be more frequent on the contra' 
lateral side, but thi3 might be accounted for, as a rule, by the surgical 
clearance of the axilla on the side of the growth. 

It was not difficult to apply the permeation theory to other bone 
deposits, and deposits in the cranial bones can be explained by the 
extension upwards along the lymphatic vessels of the deep cervical 
chain. Similarly, permeation along the lymphatic vessels of the inter- 
costal spaces to the glands which lie upon the necks of the ribs will 
account for deposits in the thoracic vertebra, and particularly for the 
special incidence of such deposits upon the upper thoracic vertebra} 
(third to sixth) which Camett has recently demonstrated. The 
corresponding intercostal spaces are in specially close relation to the 
breast. 

Camett and Howell (** Bone 3Ictastases in Caucer of the Breast,” 
Aim. Surg. t June 1930, 811), in 204 advanced cases of breast 
cancer submitted to X-ray examination during life, found boue deposits 
in 49*5 per cent. Secondaries in bone are a late development, usually 
occurring two years or more after the onset of symptoms. Thus they 
are not seen in the more rapid type of carcinoma. The arrest of local 
manifestations of disease by efficient operation has of late years 
increased the number of those who survive to die of bone deposits. 

In early cases of bone invasion, Camett finds that, apart from 
direct extension to ribs underhung the breast lesion, the order of 
frequency is : (1 ) the homolateral shoulder-girdle (head of humerus and 
glenoid region of the scapula); (2) the third to the sixth thoracic 
vertebra ; and (3) the upper lumbar vertebra. 

In 34 cases of metastasis to the shoulder-girdle the deposits were 
bilateral in 24, homolatexal in 23, and contralateral in only 7. Studies 
of the humerus revealed a gradually progressive extension of the disease 
downwards in the bone. In only 6 cases were deposits present below 
the elbow, usually first in the head of the radius. Metastasis then 
spreads downwards in the radius and ulna and may involve practically 
the whole length of these bones. Deposits may appear in the bones of 
the hand if all three long bones of the arm are extensively involved, but 
not otherwise. A similar downward progress of the disease is traced 
in the lower extremity, where the deposits begin in the femoral head and 
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the acetabulum. In only two cases of their series of 101 cases did Carnett 
find it necessary to attribute the metastases to blood embolism. 

Carnett was the first to point out the importance of permeation 
along the deeper lymphatic chains, such as those within the abdomen, or 
along the intercostal spaces, for the genesis of bone deposits. He draws 
attention to the great frequency of cancerous invasion of the aortic 
and iliac glands, often in the absence of any enlargement of the inguinal 
glands. Around such glands he often demonstrated permeated lym- 
phatics. Secondary permeation around the glands leads to the invasion 
of the lumbar vertebrae, lower ribs and pelvis. 

Piney has attempted to account for the peculiar distribution of 
metastatic tumours in bones in another way. He states that red 
marrow disappears from most of the hones in adult life, but that it 
persists in the upper end of the femur and the upper end of the humerus, 
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and forms a favourable nidus for carcinoma cells. Willis elaborates the 
hypothesis by assuming that, if carcinoma destroys the red marrow in 
the proximal end of the bones, a compensatory development of red 
marrow may occur lower in the bone, so that the disease is able to 
spread centrifugally down it. These explanations do not carry con- 
viction. (Piney, Brit. Journ. Surg., 1922, X, 23o.) 

At present the weight of evidence seems to point to the conclusion 
that carcinoma is usually carried to bones by lymphatic channels, but 
occasionally by the blood stream. Controversy will continue until 
further evidence is produced. 

Dissemination of Melanotic Sarcoma. 

The black pigment of melanotic sarcoma (and that the growth is a 
sarcoma, not a carcinoma, was many years ago established by Ribbert) 
enables its spread to be traced with accuracy and with relative ease. 
The available evidence shows that the earlier stages of dissemination 
are brought about by lymphatic permeation and lymphatic embolism. 
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In the later stages, blood dissemination is superimposed upon lymphatic 
dissemination, but fortunately not at such an early date that the success 
of timely operative intervention is excluded. The average duration of 
melanotic sarcoma from the time of onset to death is three years, and 
the disease is not so intensively malignant as it is reputed to he. The 
usual operative treatment of the disease, even at the present day, is 
irrational and inadequate, and accordingly unsuccessful. 

The progress of melanotic sarcoma is best followed by taking a 
secondary focus of the disease in a superficial lymphatic gland, and by- 
examining a long radial strip of the tissues around the infected gland. 
Around the gland, secondary cutaneous nodules appear aud spread 
away from it in a centrifugal manner. It may be inferred that a process 
of local centrifugal spread, independent of the “ set ” of the lymph 
current, takes place round the gland as a focus, ilicroscopic examina- 
tion shows that permeation of the lymphatics is the primary process 
concerned, and that it occurs first and principally in the plane of the 
fascial lymphatic plexus. Permeation is found in the plane of the deep 
fascia beyond the region of visible nodules, and where neither the 
muscle, the subcutaneous fat nor the skin is invaded. In the end of the 
strip near to the gland, upstream permeation of the cutaneous and 
muscular tributaries of the fascial plexus produces nodules in the skin 
and muscle. Here, too, it is seen that, owing to the concomitance of lym- 
phatics and blood-vessels, rupture of a permeated lymphatic leads to the 
enveloping of the associated artery and vein in a sheath of cells, which 
infiltrate the walls of the blood-vessels and finally enter the lumen, at 
first, of the thin-walled veins and, later, of the arteries. It is at this point 
that lymphatic dissemination becomes of secondary importance. The 
interested reader will find more detail in my lectures on “ The Pathology 
of Melanotic Growths ” [Lancet, April 6th and 13th, 1907). 

Embolic distribution of the growth by the blood leads to wide- 
spread visceral metastases. Melanuria, always a late symptom, may 
occur from embolism of the renal glomeruli. 

But even at the time of death it is the rule that the secondary 
deposits are much more abundant on the side of the body on which the 
tumour originated. This fact shows that the earlier stages of dissemina- 
tion are due to local (lymphatic) spread. In rare cases after death 
practically all the lymph glands of the chest and abdomen may be 
enlarged by secondary deposits while the viscera are almost free of 
nodules which could be ascribed to blood embolism. Probably, 
therefore, as in carcinoma, the blood may exert a destructive effect 
upon the cells of melanotic sarcoma. 
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Blood Dissemination a Late Event. 

Though blood dissemination is almost invariable in melanotic 
sarcoma it is fortunately late. This is shown by microscopic evidence, 
by the long average duration of the disease, and by the occasional 
success of rational operative treatment, even in recurrent cases with 
heavily infected glands. A patient with a recurrent melanotic sarcoma 
of the upper arm, operated upon by a “ monobloc ” operation when 
the axillary glands were already much enlarged, died eighteen years 
later without recurrence. Figure 2278 shows that the “ monobloc ” 
operation is possible even in such a difficult situation as the face. 



CHAPTER V 


Elephantiasis 

by 

Philip Maxsox-Bahk 

Elephantiasis is a condition in which the lymphatic tissues mostly 
are concerned, and it may be defined as a progressive histopathological 
state characterised by fibrosis and hyperplasia of the dermis and 
subdennal tissues. 

Since early times it has been noted that elephantiasis is more 
common in the tropics than in the temperate countries, and though 
the cause of the tropical form is now known to be the filaria ( Wuchcreria 
bancrofti), yet elephantiasis with indistinguishable clinical features is 
found all over the world. 

It is necessary at the outset to distinguish elephantiasis from 
lymphatic oedema, which is a condition of solid ojdenia without 
hypertrophy. 

The term Elephantiasis nostras has been generally applied to the 
nou-parasitic form in order to distinguish it from filarial elephantiasis 
(formerly known as E. arabum). 

CLASSIFICATION 

In the rather incomplete state of our present knowledge it is 
difficult to find an entirely satisfactory classification. The following, 
however, is based upon the classification adopted by Bertwistle and 
Gregg (1928): 

1. Congenital. A condition first described by ililroy and Heige 
in which there appears to be an hereditary maldevelopment of the 
lymphatic vessels aud tissues which manifests itself as oedema. 
Apparently two types can be distinguished, simple and familial. 

Simple congenital Iymphcedema affects single individuals in a 
family ; familial congenital Iymphcedema affects a sufficient number of 
blood relatives to suggest ah hereditary disposition. This condition is 
sometimes described in medical text-books as “ hereditary trophoedema.” 

2. Traumatic. Under this beading those cases of elephantiasis are 
included which result from extensive destruction of glands, and which 
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are usually associated with cicatricial contraction of the connective 
tissues. This has been recorded as the result of removal of tuberculous 
inguinal glands, and as the result of infection with the virus of 
lymphogranuloma inguinale (climatic bubo). 

It is also recorded that in former years excision of enlarged inguinal 
glands was practised on recruits for the army in order to enable them 
to pass the medical tests, and in some cases elephantiasis of the legs 
or genitals resulted. 

3. Infective. A number of micro-organisms and parasites which 
affect the lymphatic glands and vessels are included under this heading : 

(a) Filarial Elephantiasis . Wuchereria bancrofti ( Filaria bancrofti) 
is by far the most frequent and is found in most tropical countries, 
being especially abundant in India, China and Polynesia. In this con- 
dition the adult worms of both sexes live in the lymphatic system, and 
the embryos emitted by the females pass via the lymphatic vessels 
and glands into the blood stream. 

Patients infected with this filaria are especially liable to superim- 
posed septic infections, and these may play a part in the ultimate blockage 
of lymphatic tissues. It is now, however, generally held that the effects 
of the filaria alone are sufficient to cause extensive lymph stasis. 

Similar elephantoid conditions are sometimes caused by a filaria 
worm of another genus — Onchocerca volvulus. 

(b) Tuberculous. Tuberculous infection of lymphatic glands and 
tissues is well known, and in chronic ulceration of the groin glands in 
lupus of the skin with concomitant infection of the lymphatic vessels, 
an elephantoid condition of the limb may supervene as in the case 
described by J. A. White (1924). 

(c) Spirochatal. In long-standing syphilitic gummatous ulceration 
of the thigh, and in the analogous case of yaws associated with fibrosis 
and cicatricial contractures, lymph stasis and elephantiasis may 
supervene. 

(d) Leprotic. Elephantoid thickening of the skin and subcutaneous 
tissues frequently supervenes in chronic leprosy, and is undoubtedly 
due to direct infection of the lymphatic vessels with the leprosy 
bacillus. 

(c) Granulomatous. In the condition known as Granuloma venereum, 
which is a particularly chronic ulcerating disease affecting the tissues 
of the groin, the main lymphatic vessels may be involved and lymph 
stasis may supervene. The same process may occur in lymphogranuloma 
inguinale (or climatic bubo), which is caused by a virus with special 
affinity for the lymphatic system. 
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(/) Malignant. It is well known that lympha tic spread of carcinoma, 
especially of the more chronic and slow-growing varieties, may rarely 
cause lymphatic hyperplasia. 

( 5 ) Bacterial. Streptococcal and staphylococcal infection of the 
lymphatics following upon some septic abrasion of the foot or leg 
is undoubtedly a not-iafrequent cause of elephantiasis of the 
lower limbs. The elephantoid state is preceded by frequent and violent 
attacks of septic lymphangitis, in which the streptococcus can usually 
be demonstrated. This condition may sometimes supervene upon 
surgical operations upon the legs. 

(A) Toxic. Apparently, rarely, chronic absorption via the lymphatics 
of some irritating toxin may cause such destruction of lymphatic 
tissue as to produce an elephantoid condition indistinguishable from 
filarial elephantiasis. The writer in 1920 described a case of elephan- 
tiasis of the scrotum in a man of sixty years of age who for thirty years 
had treated a large patch of psoriasis on the left buttock with daily 
inunctions of chrysarobin. The urine contained a cloud of albumen 
and renal cells. 

GENERAL CONSIDERATIONS OX LYMPH STASIS 

Mews upon the mechanism of production of lymph stasis and 
lymphatic hyperplasia have been considerably altered by recent work. 
It was formerly considered necessary that, in order to obtain complete 
lymph stasis, blockage of one or more of the main venous trunks must 
be produced, and it was thought that the mechanism of Iymphcedema 
in man differed from that in experimental auimals. Drinker and Field 
(1934) have, however, brought about true elephantiasis in the legs 
of dogs by centripetal injection of irritants into the lymphatic trunks. 
At first they produced this effect by injecting 2—1 cc. of a water}' 
suspension of crystalline silica into a lymphatic, followed by the same 
quantity of a 2 -5 per cent water}' solution of quinine hydrochloride. 
The silica causes the proliferation of the endothelium of the lymphatic 
vessel, whilst the quinine acts as the sclerosing agent. 

Furthermore, these workers demonstrated that the limbs of the 
experimental animals showed enormous dilatation of the tissue spaces 
with a fluid rich in proteins, the albumen : globulin ratio bein^ the same 
as that of the plasma. 

After the appearance of the elephantiasis, the tissues are attacked 
by an acute generalised superficial inflammation due to a haemolytic 
streptococcus. Recently, similar results of complete lymph blockage 
have been obtained by the gradual infiltration of indiaa ink It is 
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therefore seen that there is striking analogy between the experimental 
elephantiasis produced in dogs and the natural disease as it appears in 
man. 

PHYSIOLOGICAL CONSIDERATIONS 

Lymph is usually regarded as a transudate from the veins — indeed, 
lymphatic vessels themselves are in reality modified veins in which the 
endothelium, when once formed, retains specific characters. 

The work of Drinker and his colleagues goes to show that vascular 
endothelium permits salts, electrolytes and proteins to pass through it 
into the tissue spaces. These latter return to the blood-plasma through 
the vascular endothelium, whilst the proteins are absorbed into the 
lymph stream by the lymphatic endothelium. 

The thesis formulated by Starling in 1896 still holds good, 
namely, that the balance between the osmotic pressure of the plasma 
proteins and the capillary blood-pressure is the underlying mechanism 
regulating the movement of water across the capillary wall. That 
there is an intimate relationship between venous pressure and lymph 
production is seen when, after pressure is raised in the lobular capil- 
laries of the liver, an immediate outpouring of highly proteinised lymph 
from the thoracic duct occurs. 

It has also been recorded in some cases of slowly developing cirr- 
hosis of the liver, that an extensive varicosity of the lymphatics of the 
abdominal wall and solid lymphoedema of both legs may ensue. 

It appears that, in order to produce the true elephantoid state, 
there must he a transudation of lymph and that this transuded lymph 
must contain an excess of protein, such as occurs when a lymphoua 
exudate collects as the result of the inflammation, and this, in turn, 
acts as a cell stimulant so as to produce lymphatic hypertrophy and 
hyperplasia, for it forms an ideal culture medium for proliferating cells. 

Superficial lymphatic capillaries are specially abundant and contain 
actively circulating lymph which continues to flow, even when the limb 
is at rest, and it has further been ascertained that the flow from the 
forearm to the axilla is very rapid, and that material introduced into 
the forearm reaches the axillary glands in less than ten minutes. 
Furthermore, Woollard and Gray have shown that material injected 
into the great toe may be present in the large lymphatic trunks above 
the ankle in two minutes and that it travels via the lymphatic 
capillaries. 

The lymph stream has a well-defined series of directions of flow 
from different areas of skin with sharp lines of demarcation between 
them. The discovery of these delimited areas shows that the former 
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conception of a generalised lymphatic anastomosis is incorrect, and 
thi 3 feet must therefore be taken into account in planning surgical 
operative measures. 

The superficial lymphatics are the most important and extensive 
part of the lymphatic system, so that the tissue changes following 
lymphatic obstruction are more pronounced in the integument and 
subcutaneous tissues, and little hypertrophy occurs in the deeper 
tissues. AYooJlard and Gray 1 have shown that the lymphatic supply 
of the skin is particularly rich, and that the vessels lie mainly in the 
superficial part of the dermis placed at a slightly deeper plane than the 
arterioles which give off loops to the dermal papilke. There is a wide- 
meshed plexus of fairly straight vessels, each of great length compared 
to their lumen, lying parallel to the skin surface, and these vessels 
contain no valves. 

In the deeper layers the lympliatics form a series of collecting 
radicles rather than a true plexus, but they are joined to the superficial 
plexus by more or less vertically placed vessels. The collecting trunks 
possess valves situated about 1 mm. apart. 

The lymphatics of the subcutaneous tissue are large drainage trunks 
which have no association with the larger subcutaneous veins. There 
is therefore a clear separation of the superficial, or external, lymphatic 
system from the deep, or internal, system with the deep fascia intervening 
as a boundary between them. The Jeep fascia is devoid of lymphatics. 

THE PATHOLOGY OF CONGENITAL LYMPHtEDEMA 

Comparatively little work has been done on the pathology of this 
obscure disease, and this for the most part on tissues removed at 
operation. On microscopic examination the skin and deep fascia 
appear normal ; but the distance between the two is greater than in 
normal tissues. The outstanding appearance in that of a sponge. 
The fibrous tissue contains numerous widely dilated lymph spaces 
which are seen in the septa and corium as well. The microscopic 
appearance of these tissues is characteristic. The predominant feature 
is the replacement of adipose tissue by enlarged lymphatic spaces 
surrounded by loosely woven connective tissue. 

Congenital lyiuphaxlema is therefore characterised by the replace- 
ment of the normal subcutaneous fat by widely dilated lymph spaces 
and by fibrous tissue. 

Possibly the increased surface area occupied by lymphatic vessels 

1 WooIUrd {It. H.) and Gray (J. H.). The author acknowledges his indebtedness 
for their permission to refer to their hitherto unpublished researches. 
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creates a state tending to produce lymph stasis, which results in 
fibrosis, as lymph constitutes such a good culture medium for 
fibroblasts. This lymphangiectasia may therefore be viewed as a 
developmental anomaly. 


THE PATHOLOGY OF FILARIAL ELEPHANTLASIS 

A consideration of the mechanism of the production of tropical 
elephantiasis entails a study of the natural history of Wiichereria 
bancrofti. These parasites are long hair-like transparent nematodes 
possessing a chitinous cuticle (fig. 2281 ). The sexes are found generally 
coiled together in the lymphatic vessels and ^ 
glands ; when they inhabit the latter, as 
O’Connor has shown, the parasites are found ^ ^ 

in the afferent lymphatic vessels and in the » u (_) 
cortical sinuses. zz$i. — w. bancrofti (natcrai. 

The male is 40 mm. in length by 0-1 mm. A - Malb - u - F “ Ats - 

in breadth, and is distinguished from the Tro v' cnt I 

female by the small size and the corkscrew-like tail. The female 
measures 65-100 mm. in length by 0-28 mm. in breadth. The ova in 
the upper portion of the uterus contain well-formed embryos enclosed 
in a membrane which subsequently becomes the sheath of the 
embryonic filaria (or microfilaria) as it appears in the blood stream. 

These embryos (microfilaria?) (fig. 2282) emitted by the viviparous 
female filaria pass with case and without injury through the lymphatics 
and lymphatic glands (Drinker, Augustine and _ 

Leigh, 1035). O s «/ 

Eventually they gain the blood stream and 
appear in the blood. Whether they do so via the * /L /\ \ 

thoracic duet, as has been so frequently stated, is Ay L/ \ . 
a moot point, as it has been shown by Augustine ^ 
and Drinker (1935) that microfilariae can readily ^-s- 
leave the circulation and enter lymphatic vessels 
by their own volition. 

The adult filariae during life appear to cause 


B 
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but little destruction to the tissues they inhabit, 
beyond causing local fibrotic thickening of the 
vessel wall, but where the tissues have been previously damaged, 
the migration of the embryos emitted by the parent filaria becomes 
impeded and the microfilaria; become imprisoned by the proliferation 
of the lymphatic endothelium, as the writer originally demonstrated, 
and as has been exemplified by O’Connor’s recent work. 
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When the mature worm dies, it becomes cretified and continues to 
act as a tissue irritant and lies, like a mummy, in the lymphatic glands 
and vessels surrounded by a sarcophagus of inflammatory tissue 
(fig- 2283). 

The writer originally showed in 1912, a fact abundantly con- 
firmed by O’Connor (19 31), that by repeated infection with adult 
filarim a condition of hyperfilariation is produced in which all the main 
lymph channels (say, of the groin) are blocked by cretified filarhe and 
the lymphatic fibrosis they bring about, whilst the function of the 


/ Ft}. 2&3-— UicxoruoiucKtrB. 

IP.Uaw-Bakr) 

/ 



lymphatic glands is destroyed by fibrosis and giant-cell proliferation, 
aud thus complete occlusion of the lymph channels is brought about. 

Thus the pathology of lymph hyperplasia in filarial elephantiasis 
may be satisfactorily explained on the known pathology of filarial 
disease. That it is a central blockage and that it acts essentially 
in much the same manner as in hereditary lymphcedema, there 
can hardly be any reasonable doubt (O'Connor, Golden, Ross and 
Aucliincloss). 

In the pathologically-produced elephantoid tissue the cretified 
remains of dead adult filarie can be demonstrated by X-ray examina- 
tion (Golden and Auchincloss). Furthermore, O'Connor has shown 
that the periodic attacks of inflammation in tropical elephantiasis or 
lymphangitis arise from “ focal spots *’ which are foci of a low form of 
suppuration containing the remains of dead filarne in elephantoid 
tissue. 

There is one aspect which has been the subject of much speculation, 
namely, the frequent absence of the characteristic microfilariae in the 
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blood of victims of elephantiasis. The answer surely is that the 
existence of such a large area of lymph blockage precludes the entry 
into tlie blood stream of microfilariae from that lymph area. Conse- 
quently there is a lesser likelihood of the parent filariae procuring ail 
unobstructed passage into the blood for their embryonic young. 


THE CLINICAL FEATURES OF FILARIAL ELEPHANTIASIS 

Filarial elephantiasis, when fully developed, is so characteristic 
as not to warrant any particular description. It usually occurs in an 



individual who has been for some time past subject to other manifesta- 
tions of filarial disease, such as enlarged and varicose groin glands, 
hydrocele, chyluria, etc. 

This elephantiasis may attack any part of the body, especially the 
legs, scrotum (figs. 2284 and 2285} and penis in the male, the vulva 
in the female, the arms (fig. 2280 and 2287) and the mamma! (fig. 2288). 

More rarely, localised and pedunculated forms of elephantiasis 
have been reported on the scalp, face, buttocks, thighs and other parts 
of the body. 
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The subjoined table is made from statistics of 4712 cases collected 
by Stephens and Yorke : 

Relative Fbequexct op Paris Attached. 

Lf3 Leri ler*. A*=» 

Le-cs- Sotilza. tea. uiiSniitcs. aJtea. lalJcwaa. Bre-iii*. 

57% S»% 09% 0-&% 3-5°; OS% 0-1°; 

It is to be noted that involvement of more than one part such as the 
legs and scrotum is less frequent, hut the parts affected vary much in 
different countries. In the Pacific form of Slariasis (the non-periodic 
IT. baixcwjli) the arms are more frequently attacked than in other parts 



of the tropics. The author in his studies of elephantiasis in Fiji noted 
that in forty-seven cases the legs and scrotum were afieeted in t wen tv- 
four ; the arms alone in ten ; amis and legs in six ; both arms, legs and 
rfroruminfive: anus and scrotum in one; and breast in one. Curiously, 
elephantiasis of the arms was found to be more common in females 
than in males in Fiji. The rarity of elephantiasis of the vulva. OS 
per cent of cases, is a matter of comment, as compared to the frequency 
of elephantiasis scroti in the male. This is possibly explained partially 
by natural reticence on the part of the sufferers to exhibit these parts. 
It is posable, too. that the rather more abundant lymphatic supply of 
these parts in the female militates against complete blockage. Enlarge- 
ment of the lymphatic glands draining the area is an almosr invariable 
accompaniment of elephantiasis. In the case of the leg it is the inguinal 
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glands, and in the case of the forearm the epitrochlear. In 1912 the 
author showed that enlarged epitrochlear glands, often of considerable 
size and very common amongst the Fijians, form prominent and notice- 
able tumours and are usually the precursors of elephantiasis of the 
forearm. When excised, numerous adult filarisc can usually de demon- 



(I’hntngraiik by I’m/ P A. /htxlon ) {i’lvJiqrapShy Ur Uanrs, Samtxi ) 

strated in the sinuses of the gland. These baggy lymphatic swellings 
containing enlarged glands are usually observed above the internal 
condyles in elephantiasis of the upper extremities. This has been 
confirmed by Professor P. A. Buxton in Samoa. 

CLINICAL PECULIARITIES 

The onset of true elephantiasis may be painless and gradual, accom- 
panied by a gradually developing oedema. On the other hand, the 
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actual commencement usually dates from the first attack of lymph- 
angitis. This is usually sudden, and manifests itself by an erysipeloid 
attack accompanied by a rigor, pyrexia, vomiting and body pains. 
The attacks recur at regular intervals, and after each the lymphatic 
oedema becomes more pronounced and is consequently of longer 
duration. 

The process of the disease varies considerably in various cases. 

During the first stage there is uniform swelling and thickening of the 
part. The overlying skin is smooth, pale, and cool. 

During the second stage the skin becomes coarser and more thickened 
and acquires an uneven ridged appearance, and this usually coincides 
with some hypertrophy of the adjacent muscles. 

In the third, or fully developed stage, the skin and subcutaneous 
tissues become greatly hypertrophied and, in the case of the lower limb, 
there are considerable folds separated by deep sulci, occurring mostly 
at the folds, whilst in the case of the scrotum there is a diffuse rugged- 
ness. The skin may become studded with bosses, numerous wart-like 
projections (E. verrucosa), or fissures, whilst ulcers or abscesses may 
form. When the ankle and foot are swollen and the toes unaffected, 
the peculiar “ tortoise foot ” appearance is seen. At this stage, too, 
the muscles may show signs of pressure atrophy, and some bone distor- 
tion may be observed. When the feet are affected by these vcrrucosities 
the condition known as “ mossy foot ” is produced. 

As the disease progresses, the intervals between the attacks of 
lymphangitis are prolonged until they cease altogether. 

The blood supply to the parts affected by elephantiasis is very great, 
and the veins especially become enormously enlarged. 

Elephantoid tissue does not pit readily, and firm prolonged pressure 
is required to cause an indentation. It has been pointed out by Gregg 
and Bertwistle that this observation has a practical application in the 
use of the tourniquet applied over elephantoid tissue before operation. 
lYhen first applied, the tourniquet may be efficient, and later on indenta- 
tion occurs, sufficient to permit arterial flow, but tight enough to prevent 
venous return and so cause profuse haemorrhage. 

TREATMENT 

General measures. The subject of treatment of elephantiasis is a 
prolonged affair and cannot be readily dismissed. These measures may 
be discussed under the following headings : 

(1) Focal sepsis. In the successful treatment of elephantiasis, especi- 
ally as a preventative measure, attention must be directed to any source 
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of focal sepsis. The septic foci may he, and often are, septic teeth, 
whilst Sistrunlc reports that in two of his cases the tonsils were grossly 
infected. Though teeth and tonsils probably form the chief source of 
infection in non-tropical elephantiasis ( elephantiasis nostras), chronic 
appendicitis and pelvic or urinary infection may also he held responsible. 

(2) Vaccines and protein shock. As it has been pointed out by numer- 
ous workers on this subject, the author by his work in Fiji, by F. G. Hose 
in British Guiana, and especially by the Filariasis Commission to 
British Guiana in 1924, septic infections are a very frequent accompani- 
ment of filarial diseases, as they also are in elephantiasis nostras , and 
prophylactic injection with mixed streptococcal and staphylococcal 
vaccine is advisable, especially preparatory to operation. A polyvalent 
vaccine (killed cultures) composed of ten million streptococci with ten 
million staphylococci ( S . pyogenes aureus) given at weekly intervals is a 
rational method. In British Guiana these therapeutics have been 
utilised, apparently with some success, as a method of preventing or 
warding off further attacks of lymphangitis or elephantoid fever. 

Protein shock therapy, given on empirical grounds, using intra- 
venous injections of killed typhoid-paratyphoid cultures (T.A.B. 
vaccine) in doses of fifty and a hundred million organisms, which 
causes a considerable systemic reaction, has been found to exert some 
influence upon early elephantoid conditions, and to cause a temporary 
reduction of the swelling. This method is always worth trying in the 
pre-operative treatment of the disease. If the patient is in an enfeebled 
physical condition, this method is contra-indicated. 

(3) General health. It is most important that the general health 
should be attended to, and any other concomitant infections should be 
dealt with. In native races these are commonly malaria and almost 
universally an ankylostome infection. This helminth, as well as other 
worms such as ascaris, should be removed by the combined carbon 
tetrachloride and oil of chenopodium treatment. 

(4) Ijocal measures. In the earlier stages of elephantiasis of the leg, 
the patient should be encouraged to persist with bandaging with elastic 
bandages, massage, and elevating the limb whenever possible, and later 
some control may be obtained by tight elastic bandaging or by stockings 
which should be made to fit accurately and should be constructed of 
some porous or easily washed substance, such as stockinette. A perfectly 
fitting stocking should embrace the dorsum of the foot, should 
accurately fit the leg, and reach above the knee. Usually, difficulty is 
experienced with the upper margin, which extends to the thigh and is 
apt to constrict at this point. To obviate the pressure of tight-fitting 
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stoc king s, and to accommodate the fluctuations in the size of the limb, 
tlie stockings may be made to lace up at the sides (fig. 2289). 

Finally, it b essential that the affected limb should be elevated and 
supported by crepe bandages, and massage applied daily. The latter 
should be both deep and vigorous. 


THE OPERATIVE TREATMENT OF ELEPHANTIASIS 


Sampson Handley in 190S first realised the importance of re- 
establishing the lymph flow, and this he attempted to do by the sub- 
cutaneous insertion of silk threads. Later, Lexer modified this 
method by substituting strips of fascia for the silk 
threads, but the results were generally unfavour- 
able. Walt her further modified the method by 
burying a rubber tube between the deep fascia and 
the layer of muscle. The lower end of the tube 
was left protruding through the deep fascia into 
cedematous tissue and the upper end was similarly 
placed in normal tissue. Next Lanz tried to increase 
the poor anastomosis between the deep and super- 
ficial lymphatic systems of the lower limb by in- 
serting a strip of subcutaneous tissue between the 
intermuscular septum and suturing it into boles 
drilled into the bone. 

KomMeons operation , which has been much 
practised, aims at removing strips of cedematous 
skin, subcutaneous tissue and deep fascia, two 
^ _ inches wide, medially and laterally from the entire 
hwwm. leg. This method has frequently given good results. 

a.) The success of this operation may be ascribed to the 
removal of the deep fascia which has been shown by Woollard and Gray 
to form a barrier to lymphatic anastomosis, and also to their showing 





Fif. 2±>9.— Linn I'K* 
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that blocked lymphatic capillaries, whilst incapable of forming function- 
ing anastomosis with normal lymphatic capillaries, whose drainage is 
normal, can form such an anastomosis with normal lymphatic capil- 
laries when both have been incised by surgical means. The anastomotic 
union apparently only occurs amongst the minute lymphatic capillaries. 

Since Jxondoleon first devised the operation, modifications have been 
made, especially by Sistrunk who carries it out in two stages. 

One side of the extremity is operated upon throughout its entire 
length at the first stage, and two to three weeks later, the other side is 
dealt with. At the first operation an elliptical incision narrowing at the 
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knee is made from tlie iliac crest to the ankle on the lateral surface, 
and at the second operation from the groin to the ankle on the medial 
surface, a sufficiently large portion of skin being removed to reduce 
the size of the limb to normal. 

The margins of the skin are then dissected back for a distance of 
6 cins. or more on each side, and the (edematous tissue incised 
downwards through the deep fascia. The skin, cedematous tissue and 
deep fascia down to the muscle are removed in one piece. 

This allows a broad communication between the superficial tissue 
and underlying muscles. The skin is closed without drainage and close 
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fitting bandages are applied. Immediately following operation, norma 
saline solution is given per rectum and also subcutaneous!) . 

Sistrunk’s post-operative treatment consists in wearing an c astic 
stocking or bandage for an indefinite period. 

Ghormley and Overton have reported on 55 patients operated 
upon since 1023, of which 50 per cent showed considera e improve 
menfc and 1 1 per cent complete relief. All cases reported on w ere o e 
non-fi)arial form of elephantiasis. 

A. L. Gregg reported a successful treatment of an ex rtme 
of elephantiasis of both legs (figs. 2290 and 2291) by successiv e °P C ^ 
tions in seven stages, in which practically all the e!cp an oi iss e 


\ ol. m, — v 



4210 


POST-GRADUATE SURGERY 


ri ,„] 0 | 8km which is thickest towards the lowest .and ^ most dependent 


wait and' beneath it a mass ot blubbery cedematous tissue in which 
n“ t ;. cords and penis are embedded. The tumour > therefore more 
or less pyriform in shape (fig. 2293). 


( heat care must be taken in identifying and separating out the testes 
and cords. The arteries which supply these enormous growths are .of 
considerable size, and the veins are also very large and bleed freely 
should be taken in the pre-operative sta 0 e, 


It is necessary that care s - - , , 

and that the patient should keep to his bed for a week beforehand. 

The patient should be placed in the lithotomy position on a hon- 
,1 „1 table The sciotum should be drawn down as far as possible and 


zonlal table. The sciotum should 1 

elastic webbing applied over the mass to expel the blood. 

A vertical incision is made commencing in the middle o > 
physis pubis and extending as far as the aperture leading to t e penis. 
The penis is expressed and the penal artery ligatured. A soun 1 
passed to prevent subsequent injury to the urethra. The \e ica 
incision is continued round the scrotum right round to the perineum, 
and the scrotum divided into two halves. 

The testes and cords are now separated from the blubbery mass* 
the hypertrophied gubcrnacula being divided, surrounded with gauze, 
and placed on one side. At the base of each half of the scrotum clamp» 
arc fixed, care being taken that they are well on to the proximal sideo 
all diseased tissue. . 

Each half of the scrotum is then cut away distal to the clamps an 
through healthy tissue. All visible blood-vessels should he secured 
and tied and the clamps gradually loosened. The skin of the upper and 
inner aspects of the thigh is undermined and brought together over tie 
testes. 

Thiersch skin grafts may be applied to the penis and good cosmetic 
results are obtained. 

The writer is indebted to his colleagues Dr. A. L. Gregg and Mr. 
A. H. Mclndoe, for their kind assistance in the preparation of tk 3 
article. 
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knee is made from the iliac crest to the ankle on the lateral surface 
and at the second operation from the groin to the ankle on the medial 
surface, a sufficiently large portion of skin being removed to reduce 

tlie size of the limb to normal. . f 

The margins of the skin are then dissected back for a distance 
6 cms. or more on each side, and the mdematous tessue uKUsed 
downwards through the deep fascia. The skin, oedematous tissue 
deep fascia down to the muscle are removed m one piece. 

This allows a broad communication between the superficial tissue 
and underlying muscles. The skin is closed without dramage and close 
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. j,, following operation, normal 
fitting bandages are applied. Iliune . su bcutancously. 
saline solution is given per rec um • ^ in wearing an elastic 

Sistrunk's post-operative treatment co.i*'-’ 
stocking or bandage for an ind mi c ” oU 55 patients operated 
Ghormley and Overton have rep ^ ^ consi{ ] era blQ improve- 
upon since 1923, of which 50 per cc . reported on were of the 
meat and 11 per cent complete relief. All cases 

non-filarial form of elephantiasis. treatmcn t of on extreme case 
A. L. Gregg reported a s "' cc ^., 90 . m( j 2 2S1) by successive opera- 
of elephantiasis of both legs \ ! o a - " . ,,, a jj elepliantoid tissue on 
tions in seven stages, in which P™ cUC J 
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knee is made from the iliac crest to the ankle on the lateral surface, 
and at the second operation from the groin to the ankle on the medial 
surface, a sufficiently large portion of skin being removed to reduce 
the size of the limb to normal. 

The margins of the skin are then dissected back for a distance of 
6 eras, or more on each side, and the cedematous tissue incised 
downwards through the deep fascia. The skin, oedematous tissue and 
deep fascia down to the muscle are removed in one piece. 

This allows a broad communication between the superficial tissue 
and underlying muscles. The skin is closed without drainage and close 




fig. 2290 — Case or elephantiasis or 
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fitting bandages are applied. Immediately following operation, normal 
saline solution is given per rectum and also subcutaneously. 

Sistrunk’s post-operative treatment consists in wearing an elastic 
stocking or bandage for an indefinite period. 

Ghorroley and Overton have reported on 55 patients operated 
upon since 1923, of which 50 per cent showed considerable improve- 
ment and 1 1 per cent complete relief. All cases reported on were of the 
non-filarial form of elephantiasis. 

A. L. Gregg reported a successful treatment of an extreme case 
of elephantiasis of both legs (figs. 2290 and 2291) by successive opera- 
tions in seven stages, in which practically all the elephantoid tissue on 
\ou ui . — y 
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both legs and labia wasremoved. T he opera t ion consisted o f removal from 
below upwards of as much elepbantoid tissue as possible by means of 
elliptical incisions and undermining, thus removing large masses of blub- 
bery tissue, including underlying portions of deep fascia. The incisions 
were so planned that the skin edges could best be brought together. 

Auchincloss 7 o jmation is a modification of Kondoleon’s technique 
and is intended to remove these tender “ focal spots ” in which the 
calcified filaria worms are situated in filarial 
elephantiasis. It consists of two incisions 
marking out a vertical strip of skin. From its 
ends V -shaped incisions are made, diverging 
upwards at the upper end and downwards at 
the lower. A great amount of skin, is under- 
mined with considerable care at a level deep to 
the corium (fig. 2292). 

Selection of cases. The selection of cases for 
operative treatment is regarded as a most 
important factor. Recent attacks of cellulitis 
should not constitute a contra-indication. The 
severe cases give the best results and the 
improvement in the milder cases tends to be 
disappointing. 

ry) scbk*» Accra-. Gillies’ ami Fraser’s Operation. This is a 

cu>»s onunuj roc rixrmjc . . . r 

nun plastic operation which lias recently been mtro- 

c 's^ZV e 'zxL^‘ i 'or tx ^r dncetl and ls stiu on trial- The operation has 
unices cur r»»- been reported upon at length by A. H. ilclndoe. 

Tlie operative technique has been planned upon 
the es P ec tution that the existing lymphatics 
\Etpnjmctd from iu - Porto R«a the lower limb will anastomose with 
jo^nai of PoUk H< ahx Tnp^ another set from the arm, if the two are 
brought together in surgical juxtaposition. 
This procedure rests upon the experimental work of Woollard and Gray 
who have shown that such an anastomosis of lymphatic capillaries 
with normal lymph vessels will take place if brought into contact by 
surgical means, but will not do so if a fibrous barrier intervenes. The 
lymphatics of the forearm are brought by' means of a “ flap ” close to 
the upper and outer aspects of the thigh, with the idea of transporting 
the stagnated lymph via the arm ly'mpliatics into the general lymphatic 
system via the thoracic lymphatics, and with the idea of forming a 
bridge across the impermeable lymphatic barrier in the pelvis. 




LYMPHATIC SYSTEM 


4215 


The operation has been carried out so far in four stages. Incisions 
seven inches long are made on the flexor aspect of tiie forearm corres- 
ponding to the area on the elephantoid leg. Cross incisions are made 
at the extremities to enable two small flaps to be turned outwards and 
inwards respectively, passing through the deep fascia. 

A similar area is laid bare on the corresponding thigh. By bringing 
these flaps into contact the deep fascia of the thigh is approximated to 
the deep fascia of the forearm, and the flaps are sutured on each side 
like wings, and are left in position with the arm bound to the side for 
three weeks or more till the union is complete. Further operations arc 
undertaken to undermine the remaining portions of the flaps which 
now extend from the centre of the thigh to the axilla. 

In the final operation the flaps are severed, and interchange of arm, 
body and leg skin completed. Only a limited number of cases have so 
far been subjected to this operation, but it may be stated that it 
promises well for the future. 

OPERATION FOR ELEPHANTIASIS OF THE SCROTUM 
This is an eminently satisfactory operation and aims at the removal 
of a redundant mass of tissue, so that considerations of subsequent 
lymph drainage do not apply. 

A 



The operation is commonly performed for the removal of scrotal 
tumours such as occur in most filaria-infested countries. 

These tumours consist of two portions — the outer or hypertrophied 
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rind of skill which is thickest towards the lowest and most dependent 
part, and beneath it a mass of blubbery cedematous tissue in which 
testes, cords and penis are embedded. The tumour is therefore more 
or less pyriform in shape (fig. 2293). 

Great care must be taken in identifying and separating out the testes 
and cords. The arteries which supply these enormous growths are of 
considerable size, and the veins are also very large and bleed freely. 

It is necessary that care should be taken in the pre-operative stage, 
and that the patient should keep to his bed for a week beforehand. 

The patient should be placed in the lithotomy position on a hori- 
zontal table. The scrotum should be drawn down as far as possible and 
elastic webbing applied over the mass to expel the blood. 

A vertical incision is made commencing in the middle of the sym- 
physis pubis and extending as far as the aperture leading to the penis. 
The penis is expressed and the penal artery ligatured. A sound is 
passed to prevent subsequent injury to the urethra. The vertical 
incision is continued round the scrotum right round to the perineum, 
and the scrotum divided into two halves. 

The testes and cords are now separated from the blubbery mass, 
the hypertrophied gubernacula being divided, surrounded with gauze, 
and placed on one side. At the base of each half of the scrotum clamps 
are fixed, care being taken that they are well on to the proximal side of 
all diseased tissue. 

Each half of the scrotum is then cut away distal to the clamps and 
through healthy tissue. All visible blood-vessels should be secured 
and tied and the clamps gradually loosened. The skin of the upper and 
inner aspects of the thigh is undermined and brought together over the 
testes. 

Thiersch skin grafts may be applied to the penis and good cosmetic 
results axe obtained. 

The writer is indebted to his colleagues Dr. A. L. Gregg and Mr. 
A. H. Mclndoe, for their kind assistance in the preparation of this 
article. 


REFERENCES : 

Allen, E. V. Arch. Ini. J led., 1931, LX1V, G06. 

Al'UUStUte*, H. Porto Rico Jl. Pub. Health awl Trap. Med., 1930, VI, 2, U9. 
Augustine, D. L. and Drinker, C. K. Tran*. Roy. Soc. Prop. Med. and Hyj., 
1935, XXIX, Xo. 3, 303. 

Bake, P. H. Filariasis and Elephantiasis in Fiji, Report to London School of Tiop. 
Med. (Monograph), 1912. 

Bebtwistle, A. P. and Gregg, A. L. Brit. Joum. Surg., 1923, XVr, 1, 62, 267. 



LYMPHATIC SYSTEM 4217 

Buxton, P. A. Research in Polynesia and Melanesia, 1928, No. 2, Memoir Series 
of Load. Scb. Trop. Med. 

Cooke, W. E. Lancet, 1927, 1, 1345. 

Del Toro, J., Poxs, J. A. and Rodriquez, R. Porto Rico Jl. Pub. Health and Trop. 
Med., 1931, VII, No. 1, 3. 

Drinker, C. K. and Field, M. E. F. Lymphatics, Lymph and Tissue Fluids > 
1933, London, Bailliere, Tindell & Cox. 

Drinker, C. K., Augustine, D. L. and Leigh, O. C. Trans. Roy. Soc. Trop. Med. 
and Hyg., 1935, XXIX, No. 1, 51. 

Drinker, C. K., Field, M. E. F. and Homans, J. Amer. Jl. Phys., 1934, CYIII, 509. 

Ghormley, R. K. and Overton, L. M. Proc. Staff Meetings Mayo Clinic, 1934, 
IX, 564. 

Gillies, H., and Fraser, F. R., Brit. Med. Joum., 1935, 1, 96. 

Handley, W. S. Lancet, 1908, 1, 783. 

Helminthological Researches in the Caribbean Area, London Sch. of Trop. Med. 
Research Memoir Series, 1924, II. 

Kondoleox, L. Munch, tned. Wochenschr, 1912, LIX, 272G. 

Lanz, 0. Bull, et Mem. Soc. de Chir. de Paris, 1912, XXXVII, 1340. 

Low, G. C. Trans. Roy. Soc. Trop. Med. and Hyg., 1923, XVII, 77. 

Manson. Tropical Diseases, 1935, 10th Ed. 

Manson-Bahr, P. H. Manson’s Tropical Diseases, 10th Ed., 1935. 

Mason, P. B. and Allen, E. V. Proc. Staff Meetings Mayo Clinic, 1935, X, 1, 5. 

McIxdoe, A. H. Proc. Roy. Soc. Med., 1935, XXVIII, June, 45. 

Milroy. N. Y. Med. Jl, 1892, LVI, 505. 

O’Connor, F. W. and Hulse, C. R. Trans. Roy. Soc. Trop. Med. and Hyg., 1931, 
XXV, No. 6, 445. 

O’Connor, F. W, Trans. Roy. Soc. Trop. Med. and Hyg., 1932, XXVI, 1, 13. 

O’Connor, F. W. Golden, R. and Auchixcloss, H. Amer. Jl. Roent and Rad. Tier., 
1930, XXIII, 5. 

RouvifeRE, H. Anatomic des Lytnphaliqucs de L'homme, 1932, Masson et Cie, 
Paris. 

Sistrunk, W. E. Journ. Amer. Med Assoc., 1918, LXXI, 800. 

Stabling, H. The Principles of Physiology, 1925. 

Stephens, J. W. W. and Warrington Yobke. Byam and Archibald’s The Practice 
of Medicine in the Tropics, 1923, HI. 1903. Oxf. Med. Publ. 

Toroerson, W. R. Porto Rico Jl. Pub. Health and Trop. Mai, 1931, VI, No. 4, 411. 

White, A. J. Brit. Med. Joum., 1924, I, 376. 

Woollabd, II. H. and Gray, J. H. Personal Communications, 1936. 



CHAPTER VI 


Hodgkin's Lyj ipb o granuloma 
by 

Sib Humphry Rolleston, Bart. 

Synonyms . Hodgkin’s disease (Wilks), Lymphadcnoma (Wunderlich), Lymph - 

adenoma malign uni. Lymphogranulomatosis, Malignant lymphoma. 

Anaemia lymphatics, Ailenie (Trousseau). 

Other synonyms are not entirely suitable ; thus “ pseudo-leukaemia,” 
sometimes erroneously employed for this disease, was introduced by 
Cohnheim (1865) to describe quite a different pathological state, viz. the 
changes of leukemia in the lymphatic glands without the corresponding 
blood picture. Virchow (1864) used the term lymphosarcoma which 
unfortunately caused confusion with sarcoma of a different and quite 
definite microscopical structure. The name probably most generally 
familiar in this country is lymphadenoma, but it has been used in other 
countries for enlargement of lymphatic glands quite different from, 
and of much less serious import than, Hodgkin’s lymphogranuloma. 
Wilks, who in 1865 used the name “ Hodgkin’s disease,” in 1889 drew 
a distinction between lymphadenoma and Hodgkin’s disease. Turnbull 
has used the title Hodgkin’s lymphogranuloma for more than a quarter 
of a century. 

Definition. A progressive, usually chronic, condition with a charac- 
teristic hyperplasia of the haematopoietic tissues, which may extend to 
other structures and behave like a malignant growth (Hodgkin’s sar- 
coma). It is probably due to an ultra-microscopic virus. Though it 
responds temporarily to arsenic and to X-rays and radium, it has 
sooner or later been uniformly fatal. 

Etiology . It may occur at auy age, but is most frequent in the 
3rd and 4th decades. Hales are attacked twice as often as females. 
In very rare instances two members of the same family have been 
affected. 

Pathogeny. Various infective agents have been put forward as 
responsible : (1) A special form of tuberculosis was described by C. 
Sternberg (1898) ; Fraeukel and Much (1910) incriminated a granular 
form of the tubercle bacillus, and Ewing (1929), stating that “ tuber- 
4218 
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culosis follows Hodgkin’s disease like a shadow,” appears to be in 
sympathy with this view. L’Esperance (1928) maintained that avian 
tuberculosis was responsible, but this has been vigorously contested 
(van Rooyen). Inoculation of animals with lymphogranulomatous 
material has given positive and negative results in different instances, 
and it is generally agreed that the positive reactions were due to 
secondary tuberculous infection of an already lymphogranulomatoos 
gland. (2) Spirochetes have been described (White and Procscher, 
1908), and dismissed (Gordon). (3) A pleomorphic diphtheroid 
bacillus theory was put forward by Yates and Bunting (1917), but has 
not beeu confirmed. (4) As the result of prolonged investigation, 
Gordon and his co-workers on “ The Rose Research on Lymphaden- 
oma ” (1932) at St. Bartholomew’s Hospital have brought forward 
much evidence in favour of extremely minute spherical or oval “ ele- 
mentary bodies ” which have been photographed. (5) The disease 
has been regarded as a granuloma due to an unknown infection. 
(6) As a lymphoblastoma and allied to leukcemia. (7) As a transition 
between a granuloma and a new growth. 

It seems probable that in addition to cases with a characteristic 
histological picture there is a gradation of atypical forms of the disease 
constituting the “ Hodgkin group ” (Gordon). The inclusive term 
lymphoblastoma bas been employed to cover Hodgkin’s lymphogranu- 
loma, mycosis fungoidcs, leukaemia and lymphosarcoma. The portal 
of entry of the infection is unknown ; but a possible one, tire tonsil, is 
seldom affected. 

Morbid Anatomy. The haematopoietic tissues, including the bone- 
marrow, undergo a cellular hyperplasia which is more like that of 
chronic granuloma than that of sarcoma. It is, however, remarkable 
that the lymphoid tissue of Peyer’s patches and the solitary follicles of 
the small intestine and colon are so rarely affected. Cases of diffuse 
invasion of the walls of the gastro-intestinal tract, sometimes suggesting 
lymphadenoina, are usually histologically of a different nature, such as 
lymphosarcoma. The lymphatic glands are enlarged and discrete, on 
section present a greyish, somewhat gelatinous appearance, and may 
show yellow spots of necrosis but, unless secondarily infected, do not 
suppurate or, unless tuberculosis lias supervened, show gross caseation. 
The capsules of the glands remain intact and are free from peri-adenitis 
in the absence of secondary infection, e.g. tuberculosis, or the super- 
vention of Hodgkin’s sarcoma. At first soft, the glands gradually 
become fibrous and hard. Though enlarged superficial lymphatic 
glands are usually the first indication of the disease and have therefore 
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been regarded as its starting point, there is a growing opinion, that these 
glands axe often outlying extensions of primary intra-thoracic infection, 
especially when the axillary glands are enlarged, or of primary intra- 
abdominal disease, particularly when the inguinal glands are the first 
noticed to be enlarged (Ewing ; Symmers; Minot and Isaacs). In the 
neighbourhood of the enlarged 
affected glands new masses of 
lymphoid tissue develop as a com- 
pensatory measure, but in their 
turn become invaded by the mor- 
bid process. The spleen is almost 
always enlarged and usually con- 
tains whitish or yellowish areas 
around the Malpighian bodies 
(the “ hard-bake spleen ”) ; these 
masses do not show the central 
softening seen in the somewhat 
similar tuberculomata (fig. 2294). 
Masses of this nature are less often 
present in the liver and kidneys. 
The lungs occasionally show 
this infiltration either locally or 
diffusely. In the late stages the 
capsule of the lymphatic glands 
may be penetrated by Hodgkin’s 
sarcoma, which may invade other 
structures such as muscle. In a 
small number of cases amyloidosis 
occurs without any other cause, 
such as suppuration or syphilis. 

The histological change in the 
glands, fully described by F. W. 
Andrewes, and independently by 
D. Reed, in 1902, is of practical 
importance, as on its presence certainty of diagnosis has long depended. 
In the earliest stage there may be a short-lived increase of the lympho- 
cytes, but the important change is proliferation of the reticular and 
endothelial cells producing large pale cells with elongated vesicular 
nuclei, and resembling the epithelioid cells of the tuberculous large- 
celled hyperplasia of lymphatic glands. Multinuclear giant cells 
(“ lymphadenoma cells ”), quite different from those of tuberculosis 
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and from foreign-body giant cells, are the most characteristic of the 
varied cellular elements (fig. 2295). Eosinopliil and plasma cells are 
also often, but not constantly, present, the eosinophil cells being prob- 
ably brought from the bone-marrow, and not produced in the lymphatic 
glands. As time goes on, the glands show an increasing amount of 
hyaline fibrous tissue. 

Clinical 'picture. In the vast majority of cases the first evidence of 
the disease is the painless enlargement of small, discrete, easily movable 
lymphatic glands, usually in the neck, especially just above the clavicle 
and in the posterior triangle (see fig. 2296). The glands gradually enlarge 



and their extent spreads so that both sides of the body are affected. 
In some cases, however, pruritus precedes the appearance of any gland- 
ular involvement. The glands are soft at first, but later become hard 
and may diminish in size from fibrosis. Shrinking of the superficial 
glands, either spontaneously or after treatment, is not necessarily a 
good sign, for there may be concomitant extension and enlargement 
of the deeply-seated glands at the back of the abdomen and in the 
thorax. Enlargement of the spleen becomes more frequent as the 
disease progresses. Pressure symptoms from involvement of nerves, 
veins, the trachea and oesophagus may cause pain and loss of power, 
oedema, cyanosis, especially of the face, dyspnoea, displacement of the 
trachea, and dysphagia. Pressure on the spinal cord and the nerve 
roots may give rise to pain, paraplegia, and possibly herpes zoster. 

VOL. III. — V * 
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Fever. Some febrile disturbance, especially of a mild character, 
is frequent, but the most important and remarkable is the relapsing or 
recurrent form. This was described by Murchison in 1 870, and later by 
Pel (1885) and Ebstein (1887), hence the eponym Pel-Ebstein fever. 
It resembles the relapsing fever in some protozoan infections, such as 
rat-bite fever, but its span from the middle of one pyrexial period to 
that of the next is longer, from 15 to 25 or even 36 days (Hall and 



Douglas). The cause of the fever is not certain ; it is not explained by 
secondary infections ; but absorption of protein from necrotic foci 
in the glands has been suggested (Symmers). 

Blood. In the earliest stage the red count may be normal, but later 
there is a progressive secondary anaemia of a chlorotic type which may 
become so severe as to necessitate transfusion. The white count does 
not show any constant or characteristic change. Usually there is not 
any leucocytosis, and there may be leucopenia with a relative lympho- 
cyte increase. In a late stage when generalisation is rapidly taking 
place a polymorphonuclear leucocytosis has been described. Excep- 
tionally, especially in the rare acute cases, there is an eosinophilia 
which may be very considerable, 70 per cent of the white cells even being 
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eosinophils; it has been thought to be a reaction in response to a 
foreign protein liberated from necrotic foci in the glands (Weber and 
Bode) which also causes pruritus and Pel-Ebstein fever. Mast cells 
may become obvious in the film. 

Cutaneous manifestation of various kinds have been noted in about 
a quarter of the cases (Ziegler). Pigmentation may be due to the 
administration of arsenic, but may occur in its absence from involve- 
ment of the adrenals and of the sympathetic. Scratching due to prur- 
itus may play a minor part in darkening the skin. Pruritus, thought 
to be toxic in origin, is the commonest cutaneous symptom ; besides 
preceding any other evidence of the disease it may supervene in the 
late stages ; it may be continuous, but is more often paroxysmal, be 
generalised or more rarely localised, and be accompanied by perspira- 
tions or by eosinophilia. The itching and the resultant scratching may 
be responsible for a prurigo-like papular eruption which consists in a 
small-celled infiltration around the sweat glands. Lichenification and 
pyogenic lesions may also be due to the scratching. A much rarer event 
is a true Iymphograuulomatous infiltration of the skin, which must be 
distinguished from the less rare leukaemic infiltration, from sarcoids 
and sarcoma of the skin. Generalised exfoliative dermatitis and bullous 
eruptions have been recorded. Herpes zoster may be due to arsenical 
treatment. 

Different forms of the disease have been described, according to its 
course — acute, chronic and latent — or according to its prominence in 
different parts of the body — generalised, thoracic, abdominal, splenic, 
hepatic, and a retroperitoneal form in which, except sometimes for 
splenic enlargement, there may not be any palpable tumour. Intra- 
thoracic involvement may behave like a mediastinal tumour aud 
cause dyspnoea, venous stagnation, cyanosis, and pleural effusion which 
may be chylous or chyliform. 

Abdominal symptoms . Enlargement of the spleen is in rare instances 
an almost isolated sign, so that a splenic form has been described. 
The spleen is palpable in about 70 per cent of the cases. The liver is 
frequently and sometimes much enlarged, and an hepatic form has 
been described (Olmcr). Abdominal symptoms, such as pain, heart- 
burn and diarrhoea, may occur quite early in the course of the disease. 
In some cases the pain may be so severe as to imitate peptic ulcer. 
Pain hi the lower part of the back may be correlated with enlargement 
of the retroperitoneal glands. Jaundice may be due to pressure on the 
bile-ducts and may be intermittent, corresponding with the glandular 
swelling occurring in the bouts of relapsing fever. Ascites may also occur. 
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Nervous manifestations. Murchison (1869) reported convulsions and 
delirium. Invasion of the intervertebral foramina by an extension 
from retroperitoneal glands may cause pain and, from pressure on 
the spinal cord, paraplegia. In extremely rare cases acute meningo- 
encephalopathy (Barker) has been described. 

Complications. Generalised tuberculosis has been estimated to 
occur in a quarter of the cases (Ziegler). The relapsing Pel-Ebstein fever, 
which is not so rare as the recorded cases would suggest, and the trans- 
formation into Hodgkin’s sarcoma may be regarded as complications. 

Prognosis. So far as is known, the disease is invariably fatal, usually 
after a course of two to three years. Latent cases, in which little change 
occurs for some time after the detection of enlarged glands, have lasted 
ten or fifteen years, but, on the other hand, acute cases may terminate 
in a few weeks to two or three months. Cases showing the relapsing 
type of fever run a more rapid course than the ordinary cases, and the 
interval between the onset of this fever and death has been found to 
be about seven and a half months (Batty Shaw). 

Diagnosis. The positive determination of the disease can be made 
by the demonstration of the characteristic histological changes in a 
superficial lymphatic gland removed as a routine. There is the fallacy 
that the gland removed may be one enlarged not by the presence of 
the disease but by hyperplasia compensatory for the destruction 
of lymphatic tissue elsewhere. It has been recommended that the 
glands selected for biopsy should be hard and fibrotic and not 
recently enlarged (Turnbull). 

Gordons biological test. Intra-cerebral injection of an emulsion of an 
affected gland into rabbits or guinea-pigs gives rise, after an incubation 
period of one to several days, to symptoms of encephalitis ; this is not 
produced by similar injections of lymphatic glands with other morbid 
lesions. This test is chiefly valuable in the diagnosis of disease in an 
early stage, for glands from chronic cases may give a negative reaction. 

Differential diagnosis must be made from forms of tuberculous 
adenitis and lymphosarcoma by means of a microscopic examination of 
an excised gland ; from lymphoid leukemia a blood examination should 
be decisive. Glaudular fever might for a time suggest the onset of 
Hodgkin’s disease. Retroperitoneal cases may imitate typhoid fever, 
which can he e limina ted by agglutination tests. The splenic form may 
mutate chronic splenic ana?mia, and the hepatic form when accompanied 
by fever may simulate hepatic abscess. Other forms of reticulosis 
should be distinguished by microscopic examination of a gland removed 
for diagnosis. The condition of splenomegalia lympliatica hypoplastica, 
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described by Brill, Baehr and Rosenthal (1924), showed remarkable 
hyperplasia of the lymphatic follicles and was extremely susceptible 
to irradiation. 

Treatment. Arsenic, either by the mouth or by intravenous injection 
of arseno-benzol preparations, has earned a reputation for producing 
a remission, but glandular enlargement recurs and then often does not 
respond to arsenical treatment. X-rays exert a powerful influence in 
reducing the size of soft glands, and the patients may improve so much 
as to return to their ordinary life. But hard glands are little changed, 
and unfortunately glandular hyperplasia, after first subsiding under 
treatment, recurs and then usually fails to respond to irradiation 
as before. Cases with relapsing fever do not react to irradiation 
(MacNalty). Overdosage of X-rays may lead to generalisation and may 
shorten life (Minot and Isaacs), and doubt has sometimes been expressed 
if X-rays, though they certainly relieve the symptoms, appreciably 
prolong life. Radium has been much used and has been thought to 
be more effective than X-rays, and radon seeds have been employed. 
The remissions following radium therapy vary from 6 to 18 months. 

Treatment by irradiation (X-rays or radium) combined with mixed 
toxins of erysipelas and bacillus prodigiosus (Coley’s fluid) gave rise 
to considerable remissions in Coley’s hands. 

Specific treatment , such as the injection of serum from chickens 
inoculated with suspensions of the lymphograuuIomatou3 glands, has 
been tried. A sensitised vaccine of the “ elementary bodies ” (Gordon) 
has given very encouraging results in early cases (Warner) ; but more 
experience of this treatment is essential. 

Surgical treatment should be employed as a palliative measure only, 
for example, to relieve pain or to remove pressure on the trachea. 
Extensive dissections, such as were originated for carcinoma of the 
breast by Halsted and Crile, arc likely to be disappointing, as affected 
glands may escape removal. 

Generalisation of the disease may follow operations on the enlarged 
glands, or even a biopsy, but rapid spread may have begun before, 
and been responsible for the symptoms leading to operative interference. 
Some writers, however, such as Minot and Isaacs (1926), consider that 
early removal supplemented by irradiation is probably of definite benefit. 
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CHAPTER VII 


Glandular Fever 

by 

Charles R. Box 

Glandular fever (Infectious Mononucleosis) is an acute febrile and 
infectious adenitis with a characteristic increase in the mononuclear 
cells of the blood. The course is benign ; complications are rare. 
The disease was first observed in children by Pfeiffer who described it 
in 1889, under the name of “ Driisenfieber.” Apart from an observa- 
tion by Tiirck in 1907, and the report of a few cases of alleged lymphatic 
leukaemia with recovery, it was nearly thirty years before a striking 
blood picture was noted by Sprunt and Evans and by Longcope in an 
infectious angina which was not, however, then identified as glandular 
fever. This identification we owe to Tidy and Morley in 1921. 

Glandular fever is thought to be a virus infection, although J. 0. W. 
Bland, as the result of transmission experiments, believes it to be due to 
a protozoon. There is no convincing evidence that Vincent’s organisms 
can cause the disease as some have surmised. The throat, the respira- 
tory tract, and perhaps the bowel are the portals of entry. The mono- 
nucleosis is distinctive, and the assumption that this is due to individual 
idiosyncrasy is disproved in that the same individual reacts to other 
infections by a polynuclear leucocytosis. 

Glands have often been excised for examination. They are discrete, 
cncapsuled and greyish-white. The cut surface is homogeneous and 
glistening, with perhaps a few petechial hemorrhages. Microscopically 
the normal structure, although distorted, is still discernible. The germ 
centres are hyperplastic and infiltrated with large, pale, oval or poly- 
gonal cells, many of which have lobulated or indented nuclei like the 
cells found in the blood. This hyperplasia of the reticulo-endothelial 
system is the outstanding feature. 

The disease may occur in localised epidemics ; sometimes it is more 
widespread, but many isolated cases occur, and it is with these that 
diagnosis may be in doubt. 

Infcctivity is slight and its duration appears to be very short. The 
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incubation period is from 5 to 15 days, usually about a week. More 
males than females are attacked. Xo age is really exempt, but most 
attacks occur in school children and young adults. Up to the age of 
15 years glandular swelling is the prominent feature, but in adults the 
infection is apt to show itself as an obscure fever identified after a 
variable period by the supervention of adenitis. Sometimes faucial 
inflammation is unusually pronounced, its nature being finally eluci- 
dated by detection of the characteristic mononucleosis. 

Onset in the younger patients is usually with febrile symptoms of 
no great intensity, and slight soreness of the throat. The tongue may 
be furred and the bowels confined. Sometimes invasion is more severe, 
with shivering, vomiting, headache, or even delirium. Sweating and 
epistaxis may occur. Prodromal symptoms usually last for a day or 
two before the glandular swelling appears, but they may be so 
slight as to escape attention, in which case the adenitis or consequent 
stiffness of the neck may first call attention to the illness. 

In a typical case the adenitis is most pronounced in those glands of 
the carotid chain which underlie the upper half of the stemo-mastoid 
muscle. It is often unilateral at first and frequently left-sided. In 
degree it is quite out of proportion to the trivial faucial inflamma tion, 
but sometimes a follicular or even a membranous exudate appears 
on the tonsils, constituting an anginous variety of the disease. The 
cervical swelling is rapid and painless, the conglomerate glands forming 
a visible tumour the size of a pigeon’s egg or larger below the angle of 
the jaw. Accompanying fever ranges from 101° to 103° F. or more. 
The swelling is elastic and tender, but there is rarely any redness or 
cede ma of the overlying skin. Suppuration is very exceptional. 

The cervical adenitis is often a part of a widespread but insignificant 
enlargement of glands in other parts of the body, such as the posterior 
triangles of the neck, the axilla*, groins and epitrochlear regions. These 
glands are discrete, mobile and painless. Occasionally the brunt of the 
disease falls on the bronchial or mesenteric glands, giving rise to dis- 
tinctive types known as thoracic and abdominal In the former, a 
paroxysmal cough simulates pertussis, and dysphagia may occur ; in 
the latter, abdominal pain may mimic appendicitis. Sometimes the 
enlarged mesenteric glands can be felt. 

Enlargement of the spleen is the rule rather than the exception, 
the edge being palpable an inch or more below the costal margin. In 
some cases the liver is enlarged as well. 

A sparse and ill-defined eruption may be present on the trunk but 
is exceptional in this type of the disease ; in some cases it suggests 
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typhus or typhoid fever, in others measles. In fulminant cases cutane- 
ous petechias have been observed on the legs and trunk. 

The fever after a few days becomes intermittent in type, and usually 
subsides within a fortnight, but may persist for several weeks. The 
pulse-rate is not unduly rapid, and it is only in prolonged attacks that 
signs of cardiac weakness have been observed. 

As a rule, the glandular enlargement outlasts the fever, resolution 
being slow. Rarely, it only appears when the fever has subsided. The 
disease may in some instances progress by stages, one group of glands 
becoming enlarged as another subsides. 

With the recognition of the diagnostic significance of monocytosis, 
an adult type of the disease was described in London and its neighbour- 
hood in 1930. This differs in incidence and course from the juvenile 
type described above. The onset may be sudden or insidious. The 
outstanding clinical features are : 

Adult incidence; prolonged fever of a type suggesting typhoid 
infection ; a scanty maculo-papular eruption on the trunk at the end 
of the first or beginning of the second week, and a delay of two or even 
three weeks from the onset before the glandular swellings appear. 
The glands are not so prominent as in the other type of the disease. 
The onset of monocytosis is mostly coincident with the glandular 
swellings, as also may be the detection of splenic enlargement. A 
peculiarity is the development of a transient Wassermann or Kahn 
reaction in the blood. Recrudescences or relapses may occur, but 
recovery is the rule. 

The blood picture of glandular fever shows a striking increase in 
the mononuclear cells. This sets in some days or, in the adult form, 
even a week or two after the onset. It may only occur when the 
glandular enlargement has become pronounced. There is no marked 
anaemia and no platelet reduction. The leucocyte count may reach 
40,000, but it is seldom above 20,000 and often only 10,000 per c.nnn. 
Of the total white cells the lymphatic or mononuclear varieties average 
40 per cent, hut may increase to 90 per cent in some instances. Three 
varieties of these cells may be recognised in the smears: (1) Small 
lymphocytes, as in normal blood ; (2) large mononuclear cells, also 
resembling those of normal blood ; and (3) aberrant cells, which usually 
preponderate, larger than the small lymphocyte, with an indented or 
tabulated nucleus, and a varying complement of azurphil granules. 
The protoplasm is deeply basophil and may be vacuolated. These 
atypical cells have been regarded by some as lymphoblasts, but others 
note their resemblance to plasma cells. The oxydase reaction which 
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occurs solely iu granule-containing cells of tlie myeloid series is negative. 
The granular white cells of the smears average 10 to 20 per cent and 
there may be a shift to the left so that a few myelocytes appear. 
Eosinophils and mast cells are present. 

The duration of the mononucleosis is extremely variable ; in some 
cases it persists for months, in others it is transitory. Unless several 
counts are made at short intervals it may be missed entirely. 

Sufferers from glandular fever develop in their blood serum hetero- 
phil anti-bodies against the red corpuscles of sheep. This is the Paul- 
Bunnell reaction. It becomes positive with the appearance of the 
swollen glands. A titre of 1 in 100 is diagnostic. 

Complications are very few. but convalescence may be tardy. A 
slight temporary albuminuria with tube-casts may occur, aud in some 
G per cent of the cases haunorrhagic nephritis ensues. Suppurative 
otitis media and retropharyngeal abscess have been recorded. In 
exceptional cases, chiefly those with marked faucial infection, the 
cervical glands suppurate. Broncho-pneumonia and collapse of lung 
have been seen. 

Diagnosis. During an epidemic diagnosis should not be difficult, 
but isolated cases give rise to doubt because slight sore throat with 
secondary enlargement of the glands of the neck is a very common 
event. When the typical blood count is available this is characteristic, 
stress being laid on the marked increase in the plasma type of cell. 

When faucial inflammation is pronounced, other forms of tonsillitis 
and certain infectious fevers must be excluded. Bacteriological 
examination is important and will certainly detect diphtheria. The 
frequent detection of Vincent’s organisms in glandular fever has 
already been commented on. The possibility of a pr imar y syphilitic 
infection of the Ups, tongue or Fauces should be remembered. Acute 
septic tonsillitis of streptococcal origin may give rise to a rapidly 
swelling adenitis of the tonsillar aud other glands of the deep cervical 
chain, with prostration, high fever and perhaps rigors, but there is 
generally a polynuclear leucocytosis. Agranulocytic angina is dis- 
tinguished by the disappearance of all granular elements from the 
blood. 

Differentiation from mumps should be easy, despite the accompany- 
ing lymphocytosis. The statement that the salivary glands may swell 
iu glandular fever is an error, although the disease has been described 
as “ aberrant mumps.” Lymph glands may overlie the submaxillary 
and parotid glands and be mistaken for them. 

In German measles the cervical, aud especially the mastoid and 
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occipital, glands may be enlarged and tender for some days before the 
distinctive rash appears, after which, as a rule, they quickly subside. 
After the eruption a leucopenia may be found, which is maximal on the 
third day. The number of polymorphonuclear cells is diminished, but 
the proportion of Ttirek cells and of plasma cells is said to be higher 
than in any other infectious disease. Within a week or two the blood 
becomes normal. 

Whooping-cough may be simulated when the bronchial glands are 
enlarged, and moreover in whooping-cough there is a lymphocytosis with 
a high percentage of small lymphocytes. Detection of palpable super- 
ficial glands is in favour of glandular fever, whilst presence iu the sputum 
of numerous slender Gram-negative bacilli points to whooping-cough. 

Fevers of the enteric group may be simulated if pyrexia is prolonged 
before the adenitis appears. Diagnosis will depend upon the clinical 
course of the disease, coupled with blood culture in the early stage, 
bacteriological examination of the urine and faeces, and on the appropri- 
ate agglutination reactions. A transient initial leucocytosis followed by 
leucopenia with a relative lymphocytosis is characteristic of typhoid 
and paratyphoid fevers. A few cases of glandular fever have shown a 
misleading agglutination with typhoid “ 0 ” antigen in low titres. On 
occasions abortus fever has been accompanied by rather pronounced 
glandular enlargement. 

Differentiation from acute leukaemia may be difficult. In this disease 
fever, buccal inflammation, glandular swellings and leucocytosis are 
evident, but one type of lymphocyte or immature cell forms the bulk of the 
white cell increase. Progressive anaemia, diminution of blood-platelets, 
haemorrhagic tendency and rapid downhill course are important diag- 
nostic points. There is little doubt that cases of recovery from acute 
leukaemia, from time to time reported, are really examples of glandular 
fever or infectious mononucleosis. The rare disease, monocytic anaemia, 
is distinguished by a heavy percentage of large hyaline leucocytes. 

The sub-acuto type of glandular fever, with recurrent glandular 
swellings, sweats, and irregular exacerbations of fever may resemble 
Hodgkin’s disease closely, but the blood picture and ultimate course 
differentiate it. Jlicroscopical examination of an excised gland is 
valuable in doubtful cases. 

Tuberculous adenitis is distinguished by its greater chronicity 
and by a tendency to peri-adenitis, softening and involvement 
of the skin. Blood changes are inconstant, but signs of tuberculosis 
may be found elsewhere. 

Stiffness of the neck, caused by tender, swollen glands, may lead to 
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suspicion of early spinal caries. Tliis is negatived by detection of the 
tender glands and the absence of radiological evidence of bone disease. 
The occurrence of the characteristic blood picture and the transient 
nature of the symptoms will establish the true diagnosis. 

The abdominal symptoms of glandular fever have not infrequently 
led to operation for appendicitis. Detection of enlarged accessible 
glands, a palpable spleen, and the nature of the blood changes should 
prevent mistake. At operation lymphatic hyperplasia of the appendix 
and markedly swollen lymph glands should arouse suspicion as to the 
nature of the case. 

Treatment is symptomatic. Ultra-violet radiation is said to speed 
up the disappearance of the glandular swellings. In protracted cases 
injection of the blood serum of a patient convalescing from glandular 
fever may bring the disease to a termination. 

Infectivity apparently ceases before disappearance of the clinical 
signs of the disease. Isolation for seven days after the subsidence of the 
fever and glandular swelling has been recommended in acute cases. 



CHAPTER VIII 


The Significance and Differential Diagnosis of Lymph- 
Gland Enlargement 

by 

R. Sleigh Johnson. 

Affections of the lymphatic system, by their frequency of incidence 
and variability in type, afford one of the common meeting-grounds 
of medicine and surgery. 

In a case of glandular enlargement, blood diseases, factors of con- 
stitutional type, infections, specific or otherwise, and new formations 
may all need consideration in their possible relationship, apart from 
more localised and directly surgical conditions. In a text-book of 
surgery it may not, therefore, be out of place to review some of the 
more important features of lymph-gland enlargement in general, with 
special reference to etiology and differential diagnosis. 

In any such consideration it must be borne in mind that lymphoid 
tissue is not confined in its distribution to the lymph “ glands ” (or 
lymph nodes ** as they are more correctly defined), but is present 
extensively throughout the body in other organs, notably the spleen, 
thymus and tonsils, of which structures it constitutes the larger part, 
as well as being scattered throughout the mucous membrane of the 
pharynx and lower intestinal tract. Any generalised affection of the 
lymphatic system involving enlargement of groups of lymph nodes is in 
accordance commonly reflected in an accompanying proliferation or 
other histological change in the lymphoid tissue of one or more of these 
latter structures. 

Besides providing in their germinal follicles the main source of 
supply to the body of lymphocytes, lymph nodes have the further 
important function of constituting a line of defence against infection 
arising within the area of their drainage. Commonly directed against 
bacterial invasion, this resistance may in other cases be concerned with 
a variety of foreign substances, or with malignant or abnormal tissue 
cells, the aim in each instance being the prevention of a general blood- 
stream involvement. In this process, whatever its specific pathology, 
the affected nodes become enlarged and clinically apparent. With 
4233 
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regard to clinical examination, it may be said that, unless there is 
generalised wasting, a palpable lymph node is a pathological one, 
though perhaps only from repeated minor sub-infection, the anatomical 
situation of the various groups of nodes being such that they normally 
He hidden and impalpable in protective fat or connective tissue. 

The differential diagnosis in a given case of lymph-node enlargement 
will follow from a consideration of the undermentioned main aspects 
of the case : 

(1) The distribution of the enlargement, i.e. which group or groups 
of nodes are affected. 

(2) Possible abnormality in the area or areas of lymphatic drainage. 

(3) The physical characters of individual enlarged nodes. 

(4) Affection of other lymphoid structures. 

(5) Evidence of general systemic disturbance, and if present its 
nature. 

Each of these aspects may be further considered. Of primary import- 
ance is the deteimination as to whether the involvement of glands is a 
local process or whether the enlargement is a generalised one. Accord- 
ingly, in any case of glandular enlargement, even where apparently 
localised to a single gland or group of glands, a brief general survey of the 
common main lymphatic zones should be made ; if carried out as a 
routine, palpation in turn of the cervical, axillary and inguinal regions 
will help to avoid the error of confusing local with general systemic 
disease, and takes but little time ; moreover, m multiple enlargement 
one such zone frequently dominates the picture. If only local enlarge- 
ment is detected, the possibility of a general systemic condition is 
made less likely but not excluded, and special pathological investigation 
may in some cases still be required. No detailed note is called for here 
regarding the detection by inspection and palpation of enlarged glands 
in the common superficial areas, except perhaps to stress the need for 
the fullest relaxation by suitable posture of the limb concerned, and to 
comment on the masking of enlarged glands which sometimes ensues in 
inflammatory cases from associated muscular rigidity aiul reflex spasm. 
Reference may also be made to the possible detection by deep palpation 
of enlarged glands within the abdomen, whether lying in the mesentery, 
usually having some range of mobility, or situated more fixedly in the 
deep iliac or aortic areas. As with other abdominal swellings, pre- 
liminary purgation may be required in doubtful cases, and, if the 
circumstances warrant, a confirmatory examination under anesthesia. 
In some special cases the presence of enlarged glands may in impalpable 
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areas be suspected or inferred from accompanying pressure effects 
peculiar to tlieir position, e.g. jaundice and ascites from enlarged glands 
in the portal fissure. The value of X-ray investigation of the abdomen, 
as for suspected tabes mesenterica, is limited, seeing that only those 
glands will be revealed in which the tuberculous lesion has healed by 
calcification, while more active disease shows no comparable opacity 
and is likely to give negative or inconclusive results. 

A further region where enlargement of important groups of glands 
is similarly obscured is within the thorax, and in any suspected condi- 
tion in which generalised glandular enlargement is known to occur 
this site also should be investigated. A number of intricate physical 
signs are described from which enlargement of the tracheo-broncln'al 
glands is to be deduced, but it may be affirmed that these are of no 
clinical value unless the swelling of glands be of a gross order. Even so, 
such signs as are produced result commonly not from the mass of 
glands per se , but from their pressure effects upon adjacent lung tissue, 
producing pulmonary collapse, or upon lymphatic vessels and veins 
in the posterior mediastinum or lung roots with ensuing pleural effusion, 
distension of surface veins, and perhaps oedema of the chest wall, upper 
limb or face. With such enlargement of this group of glands, impair- 
ment or dullness may be found in the inter-scapular region or at the 
lung base, with weak or altered breath sounds. This cause of unex- 
plained pleural effusiou or obscure swelling (from oedema) of one breast 
is therefore to be kept in mind. Gross enlargement of glands in the 
anterior or superior mediastinum may similarly be shown by dullness 
anteriorly, perhaps with a visible swelling and evidence of pressure 
upon the air-passages or veins and nerves of the head and neck. 

In some cases the effects described are due not direct!}’ to enlarge- 
ment of the glands themselves, but to involvement of adjacent organs, 
such as the lung, in an infiltrative spread of the same disease-process ; 
examples are found in carcinoma and, rarely, in Hodgkin’s disease. 
Again, the degree and nature of pressure effects will vary with the 
underlying pathology, being proportionately greater with a neoplastic 
than with an inflammatory cause. 

Confirmation of gross clinical enlargement, and diagnosis of lesser 
degrees of enlargement, are in all cases dependent upon X-ray examina- 
tion of the thorax. Oblique and lateral films will be required in addition 
to antero-postcrior, and heavy exposure may be needed, using a Potter- 
Bucky diaphragm. Opportunity for investigation should not be 
deferred until the X-ray picture may have become obscured by 
secondary pulmonary or intra-plcural events. 
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A preliminary examination on the lines given will have decided into 
which category the glandular enlargement falls, whether heal or 
generalised. If the former, scrutiny is then directed towards the area 
known to be drained by the group affected, for evidence of primary 
disease. If present, this is likely to be inflammatory or neoplastic ; 
if inflammatory, it may be acute or chronic ; if neoplastic, it is 
commonly malignant, although pyogenic infection of an innocent and 
perhaps ulcerated primary growth may give rise to a misleading inflam- 
matory eidargement of the corresponding group of glands. 

In acute inflammatory lymphadenitis the primary lesion is usually clear: the 
glands are tender, soft, discrete at first, later perhaps becoming fixed, ill-defined, 
and confluent from surrounding peri-adenitis and oedema or suppuration with 
local redness and softening of the skin. One or more glands only of the group 
may be involved, and that to a differing degree. Lymphangitis proximal to the 
glands may also be present, with evidence of general intoxication and a ieucocy- 
tosis. 

Chronic pyogenic infection is the commonest cause of localised glandular 
enlargement, especially of the cervical group, because of the wide prevalence of 
minor chronic infections of the mouth, ear, nose and throat, or scalp. As con- 
trasted with acute inflammation, there is less tenderness on palpation, while the 
degree of enlargement is seldom as marked aud the glands tend to remain discrete. 

Next to pyogenic infection, the most frequent cause of a localised chronic 
inflammatory lymphadenitis is tuberculosis, and again the neck is the usual site, 
predominantly the anterior triangles. At first discrete, mobile, firm and painless, 
without tenderness on pressure, with extension of disease through the gland capsule 
adhesion of glands occurs, both one to another and to adjacent tissues, forming an 
irregular confluent swelling with less range of movement. Central caseation and 
liquefaction tend to produce softened fluctuating areas with eventual adhesion 
to the skin, the thinning and breaking down of which leads to sinus formation 
and external scarring. A history of contact with a tuberculous patient, and the 
finding of a positive JIantoux reaction will assist diagnosis at an earlier stage. 

Local enlargement of glands secondary to malignant disease occurs most 
frequently from infiltration with carcinoma. Such glands are in themselves 
completely painless and insensitive to pressure, stony hard in consistency, with 
early fixation to surrounding structures, and usually appear in the anatomical 
zone drained by the primary growth. Similarly, secondary sarcomatous glands 
may form large coalescent masses with like features, although usually of softer 
texture. Of primary neoplasms arising in lymphatic glands the most important 
type, namely, lymphosarcoma, shows early tendency to generalisation, and will 
therefore be discussed with the group of multiple gland enlargement. Tho same 
consideration applies to the less common types of chronic inflammatory adenitis, 
such as Hodgkin’s disease and syphilis. 

The need has already been stressed in the differential diagnosis of localised 
lymph-gland swelling for a search for the primary focus of disease, whether 
inflammatory or a new growth. This latter is not, however, always to be found, 
and for two reasons. In the first place, infection may have been through a minute 
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point of entry, the surface abrasion healing while the disease becomes manifest 
within the glands. Alternatively, and especially with neoplasm, the initial lesion 
may be situated in some obscure internal part of the body not obvious on surface 
examination, e.g. the oesophagus, prostate or some deep-seated abdominal organ. 
Lack of discovery of a primary focus on first examination does not accordingly 
exclude its presence. 

Where swelling of lymph glands is found on examination to involve more than 
oue lymphatic region, investigation is extended to the known causes of generalised 
enlargement. Here a detailed study of the history of illness and a full physical 
examination of the patient are required. The possible causes may be considered 
under the headings acute and chronic, although the division is an arbitrary one. 

Concomitant evidence of acute infection may be found in general malaise, fever 
of recent onset, and perhaps a rash, while differential diagnosis is helped by the age 
of the patient, the situation and character of the enlarged glands, and by special 
pathological tests. 

An acute febrile illness in a child or young adult, having as its main clinical 
feature a painful enlargement of cervical glands, is likely to be due to glandular 
fever (see also page 4227). In its usual form, this is ushered in by a short pro- 
dromal period with fever of I02°-I03°F., when enlargement of glands becomes 
evident in characteristic situations, the commonest being the deep posterior 
cervical group behind the middle and lower half of the sterno- mastoid, at first 
confined to one or other side. The enlarged glands remain discrete and mobile, 
are firm and elastic in consistency, and tender sometimes to the extent of producing 
torticollis or head-retraction from reflex spasm. With full development of infec- 
tion, the glandular enlargement spreads in most cases to the axillary groups, and 
less often to the inguinal and epitrochlear glands. Frequently the mediastinal 
glands also may be involved, causing an unproductive irritable cough, and the mes- 
enteric with abdominal pain and tenderness, while a slight degree of splenic enlarge- 
ment is found in over half the cases. The glandular swelling may subside, together 
with the accompanying fever, within a few days, but not uncommonly both persist 
for several weeks or rarely months, while general debility and slight tender enlarge- 
ment of glands may remain for a like period. Breaking down of glands is never seen 
in glandular fever, but relapse is apt to occur. Less often, soreness of the throat is a 
prominent feature of the infection. Typically, no rash is present, a point of diag- 
nosis from rubella, but rarely a prodromal maculo-papular eruption has been 
described before the stage of glandular enlargement. 

The diagnosis of glandular fever is clinched by the characteristic blood 
changes, and a full blood count should be made in any suspected case. Anaemia 
is not a feature ; the total leucocyte count is usually raised to a moderate degree, 
not often above 20,000, but the striking and pathognomonic feature is the high 
preponderance in the differential couut of mononuclear cells. These may reach a 
proportion of from GO to 80 per cent of the total count, and are nude up of a variety 
of types, normal lymphocytes, primitive lymphocytes, monocytes, endothelial 
and plasma cells. Where opportunity has arisen, examination of excised glands 
has shown a similar histological change, with hyperplasia of the lymphoid tissue 
and rcticulo-endothelial elements. The characteristic blood changes descri bed have 
led to tho alternative naming of glandular fever as “acute infective mono- 
nucleosis.” Infcctivity is mild but definite, with incubation period of about a week. 
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Epidemic outbreaks are not uncommon 3nd, as such, afford a point in favour of the 
diagnosis. The chief difficulties in diagnosis are from rubella and from acute 
lymphatic le ukaemia . The former, as noted below, has a characteristic rash. In 
the latter condition illness is usually much more marked, and dominates the picture, 
while the total leucocyte count is greater, with progressive anaemia. A diagnostic 
fallacy must be mentioned with regard to glandular fever, in that in about half the 
cases the 'VVassennann reaction becomes temporarily positive. A specific agglutina- 
tion test for glandular fever is now, however, available, giving positive reactions up 
to a dilution in some cases of 1 in 4000 of the patient’s serum at the end of the third 
week of illness. 

A further acute condition with glandular enlargement which may simulate 
glandular fever is rubella. Also occurring in the early decades, it is shown by slight 
or moderate febrile disturbance, with enlargement of the sub-occipital, mastoid 
and posterior cervical glands on each side. These are firm, discrete and tender, 
evident by palpation only, and seldom if ever reaching the degree of swelling 
found in glandular fever. The axillary and inguinal groups are sometimes enlarged, 
and rarely the spleen is palpable. Mild catarrhal symptoms are present, and the 
diagnosis is made clear by a characteristic skin eruption, beginning as rose-pink 
macules on the face and behind the ears and rapidly spreading over the trunk to 
coalesce into a widespread erythema. Both rash and adenitis are of short duration, 
a matter of days only. A lencopenia is the rule in the blood. 

A painless discrete enlargement of glands in the posterior triangles of the neck, 
of rubbery consistency, moderate degree and symmetrical distribution, suggests tho 
possibility of secondary syphilis. Malaise and a mild degree of fever are commonly 
present. Suspicion would be confirmed by the finding of mucous patches in the 
mouth or throat, condylomata, characteristic maculo-papular rash, or primary 
chancre, and the diagnosis established by a positive Wassermann or Kahn reaction 
in the blood. Enlargement of the epitrochlear glands also i3 often present, occas- 
ionally accompanied by slight enlargement of the axillary and inguinal glands and 
of the spleen. This glandular enlargement of the septicemic stage of syphilis 
tends to outlive the majority of other secondary manifestations of the disease. 

The clinical combination of glandular enlargement with acute 
febrile illness and a high, and progressive degree of ansmia raises the 
suspicion of au acute leuktemia. In this condition the patient, usually 
under the age of twenty, shows a generalised enlargement of glands, 
often not great, with striking or extreme pallor, 'a high decree of fever, 
often I03°-I04°F., and almost invariably an acute ulcerative or 
phagedenic condition of the mouth and throat. Purpuric hemorrhages 
with widespread bleeding from mucous surfaces add to the picture. 
Slight or moderate enlargement of the spleen is usually found, although 
in some cases the swelling of both spleen and glands may be minimal. 
The course of the illness is invariably downhill to a fatal termination 
within a few weeks. The symptoms described should lead to examina- 
tion of the blood, by which means the diagnosis is established. A marked 
secondary anemia is found, often with liberation of nucleated red cells ; 
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the total leucocytes are commonly increased to a moderate degree, as 
from 20,000 to 40,000, although the very high white counts of chronic 
leukaemias are rare. Exceptionally a leucopenia is found. The white 
cell showing excessive proliferation and responsible for the leukaemia 
state is most often a myeloblast, although formerly, through an 
inadequate investigation of staining reactions, these cases were all 
thought to be examples of acute lymphatic leukaemia. Staining for 
oxidase granules enables the myeloblast to be distinguished fro;n the 
large lymphocyte which it otherwise resembles. A true acute lymphatic 
leukaemia of small lymphocyte type does also occur. There is little or 
no clinical distinction between the various types. In considering 
differential diagnosis, the enlarged glands, fever, and palpable spleen, 
or sometimes liver, may in the initial stages suggest glandular fever. 
As already noted, however, in acute leukaemia the degree of general 
disturbance is far more severe, and often such as to render the lymphatic 
enlargement inconspicuous by comparison. The texture of the glands 
is moreover softer than in glandular fever. In addition, the pleomorphic 
nature of the leucocytic response in glandular fever contrasts 
with the increase in a single type of cell in a given case of acute 
leukemia. 

A further condition of acute illness with glandular enlargement 
in children, sometimes causing confusion with glandular fever, lias 
recently been described by H. C. Cameron and by R. M. Miller under 
tbe tenn “ epidemic streptococcal adenitis” Abrupt fever follows 
a mild transitory sore tliroat, with much prostration and rapid painful 
enlargement of the tonsillar, cervical, and even occipital glands. These 
may become greatly enlarged, hard, discrete and tender, with muscular 
rigidity, rigors and sweats and a tendency for one or more glands to 
break down and suppurate. From such discharging glands a pure 
culture of haemolytic streptococcus has been obtained. Other dis- 
tinguishing features from glandular fever arc a polymorphonuclear 
leucocytosis rather than an increase of lymphocytes, negative agglutina- 
tion reactions, and an absence of involvement of the spleen or other 
groups of glands. 

Chronic generalised glandular enlargement. Where a long-standing or 
insidious enlargement of multiple groups of glands is found, the differ- 
ential diagnosis lies in the main between chronic granulomatous forms of 
adenitis, primary blood diseases, and new growths. 

Of the chronic inflammatory affections the most important, and often 
the most difficult of precise diagnosis, is lymphadenoma or Hodgkin's 
disease (sec also page 4218). 
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Formerly the subject of much difference of opinion as to whether it was to be 
regarded as inflamma tory or neoplastic in nature, it is now considered by most to 
be a specific granuloma, a view supported by the coexistence of fever, some- 
times of periodic type, the occurrence of natural remissions, the blood picture and 
the histological features of the glands and other affected tisanes. The disease is 
met with most often, but not invariably, in adolescence and early adult life, and 
predominantly in the male sex. An insidious and painless enlargement of glands, 
usually on one side of the neck, commonly brings the patient under observation, 
disturbance of the general health at this stage being slight or even absent. There 
are, even at this phase, specific clinical features of the glandular enlargement which 
are of help in suggesting its likely nature. The glands of a group become markedly 
enlar ged, often all in the group to an approximately equal degree, and although 
forming an obvious swelling, yet the individual glands remain quite discrete from 
one another and preserve their free mobility, becoming adherent neither to the skin 
nor to deeper structures. They are initially soft, becoming firm and rubbery, or 
finally hard from increasing fibrosis with the progress of the disease or as a result 
of treatment ; they are not at any stage painful or tender. Although starting in 
one area, the tendency to a progressive and orderly spread of glandular involve- 
ment to other rones is great, it being the rule rather than the exception when a 
case is first seen to find evidence of enlargement in most or all of the common 
superficial areas. With this spread there is accompanying degeneration of general 
health, wasting, secondary anaemia, pigmentation, pruritus, and fever, sometimes 
of a periodic relapsing or Pel-Ebdein type of diagnostic significance. A firm 
moderate enlargement of the spleen is present, and often evidence of simul- 
taneous affection of mediastinal and abdominal glands. Signs of visceral infiltra- 
tion, as of the lung or liver, may in some cases also be found. 

It has been noted that the common path of entry of the infection is via the 
cervical glands, where the most marked enlargement is therefore often found. 
Sometimes the initial site of enlargement, however, is one or other axilla or groin. 
Rarely, a patient may first come under observation with signs and symptoms of 
deep glandular involvement in the chest or abdomen, and in these cases great 
difficulty arises in differential diagnosis from lymphosarcoma and other similar 
tumours, owing to the absence of a removable gland for section. Fever and con- 
stitutional disturbances are found, but there cause may not be evident until X-ray 
examination reveals the deep-seated glands. In other cases, evidence of pressure 
on the air-passages or nerve trunks may accompany the general symptoms, or if 
the disease be apparently primary in the abdomen colicky pains and vomiting 
may call attention to the local enlargement. Jaundice and ascites may some- 
times occur. If the likely diagnosis is not suggested by the general features 
of illness at this stage, involvement of peripheral groups of glands will eventually 
aid in revealing the condition. 

The striking and helpful feature of lymphadeaoma in diagnosis is its eventual 
tendency to widespread involvement of lymphatic structures, as also of other 
organs. Many such may show a granulomatous infiltration ; the skin may be 
affected, producing palpable nodnles ; the spinal cord may be compressed from 
erosion of bony vertebrae ; and the kidneys, stomach and intestines be infiltrated 
apart from the more usual involvement of liver and spleen. 

Differential diagnosis is frequently difficult. The likely conditions from which 
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it must be distinguished are the chronic leukaemias, lymphatic or myelocytic, 
including their occasional aleukaemic phases, lymphosarcoma, and chronic tuber- 
culous adenitis. Most help is obtained from blood examination and from study 
of the histology of a suitable gland removed under local anaesthesia. 

There is no characteristic blood picture in Hodgkin’s disease. The usual 
findings are a variable, perhaps marked, degree of secondary amentia with a 
moderate polymorphonuclear leucoeytosis. An absolute eosinophilia is sometimes 
present, the more so if the case be acute, but is on the whole so inconstant as to be 
of no value in diagnosis. 

Greater help is obtained from biopsy, which may indeed afford the only 
decisive means of differential diagnosis from lymphosarcoma or tuberculosis, 
especially in those cases where a single large mass of glands predominates. Even 
so, it is important to choose for removal one of the less indurated glands of the 
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group, as a densely hard gland is likely to show only the final stage of fibrosis from 
retrogressive changes and not the typical histological appearances of the active 
disease. 

Another fallacy in diagnosis is the occasional association of both tuberculous 
and lympliadcnomatous change in the same gland, the former disease being a 
secondary infection. Again, rarely a true sarcomatous transformation occurs in 
Hodgkin's disease. Nevertheless, in the majority of case3 a conclusive diagnosis 
may be made by gland removal, which should always be performed in cases of 
doubt. The changes found vary in detail, but typically embody the following main 
features : the normal lymphoid structure of the gland undergoes atrophy of vary- 
ing degree and is replaced by numerous large, irregularly shaped, pale-staining 
reticulum cells with single rounded or oval nuclei ; scattered among these reticu- 
lum cells (or “ cndothelijl ” cells) are leas numerous and larger multinucleated 
cells, of characteristic form, having perhaps three to six nuclei which overlap one 
another within the cell or arc arranged in a horseshoe-shaped pattern. Through- 
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out the gland structure is a diffuse overgrowth of the fibrous stroma, and scattered 
amon® the remaining cells are numerous cells filled with coarse eosinophil 
granules (fig. 2297). 

M. H. Gordon in searching for a causative virus of lymphadenoma has 
shown that the intra-cerebral and intravenous injection into a rabbit or guinea- 
pig of a broth-suspension of macerated lymphadenomatous gland-tissue, after 
preliminary filtration, produces in the animal a specific meningo-encephalitis, 
whilst extracts of glands with other pathological lesions such as lymphosarcoma 
or leukse mia fail to do so. This would appear to provide then a further and more 
delicate test for the disease. 

Occasionally difficulty in diagnosis from lymphadenoma arises with the 
uncommon form of generalised tuberculous adenitis met with more often in the older 
patient, with slight or moderate enlargement of the glands in the neck, axilke and 
groins, little tendency to caseation or disturbance of health, and greater pro- 
liferation of endothelial cells than is usual in tuberculous lesions. The diagnosis 
is made by removal of a gland and staining for tubercle bacilli, which are usually 
to be demonstrated. 

Lymphosarcoma, being a rapidly fatal disease, is fortunately one of 
the least common of glandular affections. It may, from its nature, arise 
in any region of the body containing lymphatic tissue, either within a 
group of lymphatic glands themselves or in an organ composed of, or 
normally containing, lymphoid deposits. When originating in a peri- 
pheral group of glands, there is a tendency for the growth to form one 
or more large irregular masses, with early and dense fixation to skin 
and deep structures. The glands are insensitive and less firm in con- 
sistency than are those of lymphadenoma. There is also greater varia- 
bility in the size of individual glands of a group, as well as in the compar- 
able degree of enlargement of different groups of glands. The severity of 
illness is, moreover, greater, and anaemia more rapid. Apart from direct 
infiltration of adjacent tissues, the Lability of extension to neighbouring 
groups of glands, as well as to deep internal glands, is marked. Signs of 
mediastinal obstruction or pleural effusion are frequent, and large 
abdominal masses may be felt, from involvement of retroperitoneal or 
mesenteric glands and from matting and infiltration of intestines. 
Enlargement of the spleen is found in some cases. Alternatively, and 
more commonly, the disease may arise primarily within the thorax or 
abdomen or from lymphoid structures of the pharynx ; of these the 
thymus and the tonsil may be mentioned as examples. 

The degree of malignancy in these tumours varies with their detailed 
histology ; in all, the liability to a progressive direct local and lymphatic 
spread is great and is the more usual course than widespread blood 
metastasis. Diagnosis from Hodgkin’s disease and from other malignant 
growths can be made with certainty only by microscopic section. 
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Microscopically, lymphosarcomatous tissue is found to consist of an 
aggregation small round cells with scanty cytoplasm and deeply- 
staining nuclei showing evidence of mitosis and division. Larger cells 
of endothelial type with convoluted nuclei may also be present, whilst 
a delicate supporting reticulum accompanies the proliferation, showing 
many newly-formed blood-vessels and a tendency to necrosis and 
haemorrhage. Active in fi ltration is found through the capsule of the 
glands into adjoining tissues (fig. 2298). 

The remaining common group of cases of multiple glaud 
enlargement to be considered in differential diagnosis is the group of 
chronic leukaemias. In these conditions the patient, usually in middle 
or later life, comes under observation, not commonly with complaint of 


Fig . 2288 .— Histolooical At- 
FEASANCE or LYMPHATIC GLAND 
E» LYMFHOHABOOMA 



lymphatic swellings, but rather with symptoms of anaemia or of heavi- 
ness and discomfort in the upper abdomen associated with great 
enlargement of the spleen. Well marked in most cases of chronic 
lymphatic leukaemia, the splenomegaly is greatest in the chronic 
myelocytic type, where it may fill the abdomen and press upon the 
iliac crest and pubes. Local pain may be due to superadded thrombosis 
with infarction and perisplenitis. The liver commonly shows a similar 
firm enlargement. 

The glandular enlargement, of greater degree in the chronic lym- 
phatic type, has the suggestive feature of a more or less uniform 
involvement of all peripheral groups of glands, which are enlarged 
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symmetrically and to approximately the same degree. The glands are 
soft, discrete, painless and insensitive, and remain freely mobile. The 
discovery of a non-inflammatory swelling of isolated lymph glands in 
unusual situations, e.g. pre-auricular, subclavicular or intercostal, 
should raise suspicion, of chronic lymphatic leukaemia. In chronic 
myelocytic leukaemia a diffuse enlargement of lymphatic glands also 
occurs, but is usually slight in degree and considerably less than in the 
lymphatic type. In both diseases deep groups of glands may show 
similar affection. 

Leukaemia is to be regarded in nature as due to an excessive and un- 
checked proliferation of a particular variety of leucocyte or its precursor, 
the aetiology being quite obscure. The affected tissues all show histologi- 
cally a stuffing of their tissue-spaces with these abnormal cells, replacing 
to a varying extent their normal structure, while the excess over and 
above their capacity of storage escapes into the circulating blood. 
This leuksemic infiltration may become evident in the akin as scattered 
discrete nodules, especially in the lymphatic form. Diarrhoea may be 
a feature and is then associated with similar infiltration of the intestine. 
A slow degeneration of health and secondary anaemia develop, with 
tendency to haemorrhage and infection. 

The diagnosis of chronic leukaemia and differentiation from other 
causes of multiple gland enlargement is established by blood examina- 
tion. In both forms secondary anaemia is evident: in the case of 
chronic lymphatic leukaemia there is a great increase of total leucocytes, 
figures of 200,000 per c. mm. being common, of which the vast proportion, 
95 per cent or more, are small lymphocytes ; in chronic myelocytic 
leukaemia the total leucocyte count is even higher, perhaps double the 
figure mentioned, the predominant cells being the granular polymor- 
phonuclears. and their precursors, in the bene-vnartov,-, the myelocytes, 
neutrophil, eosinophil and basophil. These granular cells form the 
majority of the total white cells, although not usually present in such 
overwhelming proportion as are the lymphocytes in the lymphatic form. 

In straightforward cases of chronic leukaemia the diagnosis will 
accordingly he made with certainty from a blood examination. Diffi- 
culty may sometimes arise in the rare forms of so-called “ alcukcemic 
leukaemia ,” in which the general and glandular symptoms and signs 
are identical with those described, but no increase in the total leucocytes 
is found, sometimes indeed even a leucopenia. It is thought that the 
abnormal cells in this case remain confined in the lymphoid tissue and 
fail to escape into the general circulation. This condition does genuinely 
occur, usually as a temporary phase of an otherwise typical case of 
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leukaemia, but sometimes as a persistent state. The diagnosis is aided 
by a retention of the leukaemic proportions in the differential count, in 
spite of the total cell count not being raised. In a few cases it may be 
necessary to remove a gland for confirmatory biopsy, when typical 
replacement of its normal structure will be found by leucocyte infiltra- 
tion of appropriate type. 

In conclusion, and bearing in mind the difficulties so often met with 
in the individual clinical case in determining the exact pathology of 
glandular enlargement, the value of the microscope may perhaps be 
stressed as a final arbiter. Biopsy is indeed frequently the only means 
of converting conjecture into certainty. 
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sy mme trically and to approximately the same degree. The glands are 
soft, discrete, painless and insensitive, and remain freely mobile. The 
discovery of a non- inflamma tory swelling of isolated lymph glands in 
unusual situations, e.g. p re-auricular, subclavicular or intercostal, 
should raise suspicion of chronic lymphatic leukaemia. In chronic 
myelocytic leukaemia a diffuse enlargement of lymphatic glands also 
occurs, but is usually slight in degree and considerably less than in the 
lymphatic type. In both diseases deep groups of glands may show 
similar affection. 

Leukemia is to be regarded in nature as due to an excessive and un- 
checked proliferation of a particular variety of leucocyte or its precursor, 
t he astrology being quite obscure. The affected tissues all show histologi- 
cally a stuffing of their tissue-spaces with these abnormal cells, replacing 
to a varying extent their normal structure, while the excess over and 
above their capacity of storage escapes into the circulating blood. 
This leukemic infiltration may become evident in the skin as scattered 
discrete nodules, especially in the lymphatic form. Diarrhrea may be 
a feature and is then associated with similar infiltration of the intestine. 
A slow degeneration of health and secondary anaemia develop, with 
tendency to haemorrhage and infection. 

The diagnosis of chronic leukemia and differentiation from other 
causes of multiple gland enlargement is established by blood examina- 
tion. In both forms secondary anaemia is evident: in the case of 
chronic lymphatic leukemia there is a great increase of total leucocytes, 
figures of 200,000 per c. mm. being common, of which the vastproportion, 
95 per cent or more, are small lymphocytes ; in chronic myelocytic 
leukemia the total leucocyte count is even higher, perhaps double the 
figure mentioned, the predominant cells being the granular polymor- 
phonuclears and their precursors in the bone-marrow, the myelocytes, 
neutrophil, eosinophil and basophil. These granular cells form the 
majority of the total white cells, although not usually present in such 
overwhelming proportion as are the lymphocytes in the lymphatic form. 

In straightforward cases of chronic leukemia the diagnosis will 
accordingly be made with certainty from a blood examination. Diffi- 
culty may sometimes arise in the rare forms of so-called “aleukannic 
leulaviia,” in which the general and glandular symptoms and signs 
are identical with those described, hut no increase in the total leucocytes 
is found, sometimes indeed even a leucopenia. It is thought that the 
abnormal cells in this case remain confined in the lymphoid tissue and 
fail to escape into the general circulation. This condition does genuinely 
occur, usually as a temporary phase of an otherwise typical case of 
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leukaemia, but sometimes as a persistent state. The diagnosis is aided 
by a retention of the leukaamic proportions in the differential count, in 
spite of the total cell count not being raised. In a few cases it may be 
necessary to remove a gland for confirmatory biopsy, when typical 
replacement of its normal structure will be found by leucocyte infiltra- 
tion of appropriate type. 

In conclusion, and bearing in mind the difficulties so often met with 
in the individual clinical case in determining the exact pathology of 
glandular enlargement, the value of the microscope may perhaps be 
stressed as a final arbiter. Biopsy is indeed frequently the only means 
of converting conjecture into certainty. 
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CHAPTER IX 


Thymus 

by 

R. Sleigh Johnson 

The thymus, albeit an organ of much dispute and conflicting views as 
to its essential nature and functions, is, as a study of its morphology 
shows, legitimately to be included in consideration of the lymphatic 
system. 

Anatomy and Development. As the thymus is a temporary organ, 
reaching its maximum development during early childhood and there- 
after normally undergoing a progressive absorption, its features are 



best studied in the young subject. It is at this age a soft, fusiform, 
lobulated structure composed of two lateral lobes, of which the left is 
usually the larger, situated behind the sternum and immediately in 
front of the pericardium, the origin of the great vessels and the trachea 
(fig. 2*299). It frequently extends up into the root of the neck, as high in 
some cases as the isthmus of the thyroid gland. Laterally, it extends 
out to the pleural sac on each side, while below, its limit is usually 
4240 
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marked by the fourth costal cartilage, although when much enlarged it 
may reach down even to the diaphragm. A well-defined fibrous cap- 
sule surrounds the organ and sends septa inwards between its compos- 
ing lobules. In actual size and weight great variation occurs, but an 
average is given of about 15 grammes at birth ; proportionately to 
total body weight it normally reaches its greatest development between 
two and four years of age, although its maximum weight may not be 
reached until or just before puberty, when it is commonly between 35 
and 40 grammes. Many factors are, however, concerned, including 
the relative proportions in the organ of fat or aveolar tissue and the 
more significant lymphoid tissue ; the question is therefore further 
considered later. 

Embryologically the thymus is developed from the endoderm of 
the third, and occasionally the fourth, branchial cleft, a pair of pouch- 
shaped diverticula arising from the dorsal aspect of the gill cleft and 
becoming steadily surrounded by lymphoid tissue. The lumen of these 
diverticula gradually becomes obliterated by thickening of their walls 
and an atrophy of their epithelial lining, which by the time of birth 
becomes represented merely by the concentric Hassall’s corpuscles, 
in the substance of an otherwise solid lymphoid organ. 



Histology. The minute structure of the normal thymus is of 
special importance in view' of the type and nature of pathological 
lesions which may develop. On histological section at the above 
age (fig. 2300) it is seen to be composed of a collection of lobules, 



4248 POST-GRADUATE SURGERY 

separated by fine connective-tissue septa. There is no clear sub- 
division of the lobule, as is sometimes described, into cortical and 
medullary areas, but each lobule contains a number of more or less dis- 
crete follicles of densely aggregated lymphocytes, similar to those of 
the tonsil or lymphatic gland, and more numerous in the outer zones of 
the lobule. Interspersed among these collections of lymphoid tissue, 
and relatively more numerous towards the centre of the lobule, are a 
number of characteristic nest-like bodies, the so-called Hassall’s cor- 
puscles. These show a concentric laminated arrangement of flattened 
epithelial cells around one or more central cells, the latter often 
degenerated, and represent the remains of a branching tube-like process 
of the original embryonic branchial cleft. The corpuscles are themselves 
surrounded by a rather coarser supporting reticulum than is found in 
the rest of the organ, thought also to be derived from branchial cleft 
epithelium. The cells of this reticulum are recoguisable by their 
irregular outlines and large pale-staining nuclei. Eosinophil cells and 
giant cells are sometimes also found. As regards the bulk of the orgau 
there is no reason to assume that the small, densely-staining round 
cells are other than true lymphocytes for eventual supply of the blood 
stream, although their nature has been disputed in favour of their 
being, like the reticulum cells, primarily epithelial in origin. Thus the 
thymus in the child consists mainly of an aggregation of lymphoid 
tissue, while undoubted epithelial elements are represented by Hassall’s 
corpuscles and reticular tissue. 

With the progress of atrophy towards adult life, the lymphoid 
tissue undergoes involution and gradually becomes replaced by fatty 
and areolar tissue, still containing scattered fragmentary deposits of 
lymphoid cells, interspersed to a varying degree of density with 
the epithelial Hassali’s corpuscles. These latter tend thereby to 
become congregated and more prominent, and in some cases to appear 
more numerous. In others they share in the process of atrophy, until 
very little of the original glandular substance may remain demonstrable. 

Physiology. Differences of opinion have formerly been held as to 
whether the thymus was to be ranked with the endocrine glands proper, 
or to be regarded as a specialised lymphatic structure. Although there 
is no convincing evidence of the production by the thymus of an internal 
secretion, all attempts to extract such a product having proved unsatis- 
factory, it is reasonably dear that an interrelation is present between 
the thymus and the known endocrine glands, in affections of a number 
of which the thymus becomes enlarged. The persistence of the organ 
until, and its progressive atrophy after, puberty, coincident with 
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functional development of the sexual organs and secondary sexual 
characteristics, is usually ascribed to a retarding influence of the 
thymus on the evolution of sexual maturity, until such time as a suit- 
able degree of general growth and somatic development has been 
attained. The results of experimental removal in animals, although 
claimed by some observers to lend support to this theory by hastening 
sexual maturity, are, however, by no means uniformly in agreement. 
In view also of the not very infrequent persistence of histologically 
characteristic, and therefore presumably functioning, thymic tissue 
long after the changes of puberty or even into adult life, the question 
of its precise relationship, if any, to gonadic function must still be 
regarded as an open one. 

The view now most widely held as to the probable physiological 
function of the thymus is to consider it a lymphoid organ belonging to 
the hcematopoictic system, and to regard its epithelial elements as 
vestigial only and not as the source of an internal secretion. This 
conception finds confirmation in the part known to be taken by the 
thymus in some generalised affections of the lymphatic system. 

PATHOLOGY OF THE THYMUS 

Consideration of the pathology of the thymus may best be under- 
taken under the following headings : 

1. Hypoplasia. 

(a) Normal (included for completeness) ; (6) premature. 

2. Hyperplasia. 

(a) Apparently primary ; (b) associated with other known 
diseases. 

3. Vascular Changes ami Inflammations. 

(a) Acute congestion and infection ; (6) chronic infections ; 
(c) involvement in inflammatory or kamiatogenous condi- 
tions of other systems. 

4. Tumours. 

(a) Innocent; (6) malignant. 

'"l. Hypoplasia. 

(а) Normal. The normal process of involution of the thymus has 
been already discussed under physiology of the thymus. 

(б) Premature. A pathological involution of the thymus, even a 
complete atrophy or aplasia of the gland, may be observed at an early 
age in a number of chronic infections and wasting conditions of child- 
hood, such as infantile marasmus or tuberculosis, or in some cases from 
no apparent cause. In the former, it results probably from a long- 
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continued intoxication of the gland, the lymphoid tissue of which 
atrophies and is replaced by fibrous tissue, producing a densely sclerosed 
structure with scattered epithelial elements. With this marasmic 
atrophy of the thymus, other lymphoid tissues such as that of the spleen 
undergo a like change. No effect on sexual development is known to 
follow. 

2. Hyperplasia. 

(а) Primary . An apparently primary hyperplasia of the thymus, 
forming part of the clinical syndrome known as “ status thyuio-lympli- 
aticus,” is, in view of the importance and controversial nature of the 
subject, discussed separately under that heading (see page 4257). 

(б) Secondary. A simple active proliferation of the thymus gland 
is known to occur in association with a number of glandular and other 
diseases. Of these the most important are Graves' disease , Addison’s 
disease, acromegaly , and myasthenia gravis. 

Enlargement of the thymus, sometimes gross, is found almost 
constantly post mortem in fatal cases of exophthalmic goitre, so much 
so that some pathologists of the French school formerly regarded the 
disease as due to a primary disturbance of the thymus, removal of which, 
rather than of the thyroid, was recommended. From the clinical 
standpoint, the thymus not infrequently shows sufficient enlargement 
to give impairment over the manubrium and to cast a characteristic 
shadow on X-ray examination, and sometimes to account for com- 
plaint of dyspnoea and mild dysphagia. The nature of the enlarge- 
ment is a diffuse hyperplasia of lymphoid tissue, reflected in a moderate 
swelling of the cervical lymph glands and tonsils and a lymphocytosis 
in the blood picture. Wore strictly it may be described as a lympho- 
cytic regeneration of a previously involuted organ, as HassalFs cor- 
puscles are rarely present. The overgrowth is one which usually subsides 
after surgical treatment of the thyroid, and responds readily to the 
application of deep X-rays if this is required. 

The hyperplasia seen in some cases of Addison’s disease and 
acromegaly is of similar nature and is of no clinical importance, fn 
myasthenia gravis the relationship is more significant, some abnormality 
of the thymus being found in a high proportion of cases. It may here 
be a simple hyperplasia, ora tumour such as a lympho-epithelioma of the 
thymus. The causal relationship, if any, is not understood. Removal 
of the enlarged thymus has been advocated in treatment. 

3. Vascular Changes and Inflammations. 

( a ) Acute congestion of the thymus, sometimes with haemorrhage into 
the gland, is found in a number of acute infections, especially in 
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broncho-pneumonia, and may be only an asphyxial phenomenon. Of 
surgical importance is the occasional acute congestion of the enlarged 
thymus following operations upon the thyroid in exophthalmic goitre, 
which may be productive of symptoms otherwise obscure. 

Primary acute infection of the thymus has not been described, 
although the organ may become secondarily involved in any acute in- 
flammatory condition of the mediastinum ; suppuration may then occur. 

(6) Chronic infections. Tuberculosis and syphilis of the thymus are 
both pathological rarities. The thymus may react to a number of 
chronic infections, either by hyperplasia of its lymphoid tissue or by 
atrophy and sclerosis. None of these conditions is of clinical importance. 

(c) In diseases directly involving the lymphatic systems, such as 
leukaemia or lymphadenoma, the lymphoid tissue of the thymus may 
take part in the general response, in characteristic fashion with the 
remaining lymphoid structures of the body. 

4. Tumours of the Thymus. 

Primary tumours of the thymus are of less infrequent occurrence 
than would be inferred from customary accounts. If conditions of simple 
hyperplasia be excluded, innocent tumours are, however, rare and of 
little practical importance. The majority of thymic neoplasms show 
evidence of malignancy, varying from a low-grade local invasion to the 
most rapid and widespread metastasis. 

Innocent tumours. Benign neoplasms include Upomata, fibromata , 
dermoid cysts, and simple cysts thought to originate from degenerated 
Hossall’s corpuscles or from occasional inclusions of thyroid tissue. 
The term “ thymoma ” conveys no histological indication and its use is 
not therefore recommended. 

Malignant tumours . The classification of primary malignant 
neoplasms arising in the thymus presents considerable difficulties, 
owing to lack of agreement ou the part of various observers as to the 
histogenesis of the normal organ and the differences in nomenclature 
adopted. 

The most useful classification would appear to be that put forward 
by Maximov in 1931, which is based upon the theory of develop- 
ment of the thymus outlined earlier in this section. The small rounded 
cells of the gland are regarded as derived from perivascular mesenchy- 
mal lymphocytes, which at an early stage wander into the primitive 
epithelium of the thymus. This cylindrical epithelium of cntodcnnal 
origin becomes modified in character and converted into a reticulum- 
cell mass, and in the deeper portions of the gland into Ha call’s cor- 
puscles. The reticulum cells can be identified in a section by a special 
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method of staining which reveals fine argentopliil fibres, for the most 
part concentrated around the blood-vessels. 

On this histological basis of development, malignant thymic tumours 
may be classified as follows : 

(1) Arising from the capsule and interlobular connective tissue — 
spindle-celled sarcoma. 

(2) Arising from the reticulum cells and Hassall’s corpuscles — 

carcinoma. 

(3) Arising from the lymphocytes — lymphosarcoma. 

Critical study of published cases by McDonald in the light of tlifs 
classification has shown that a large proportion of thymic tumours 
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previously interpreted as primary sarcomata have, in fact, a common 
type cell with strong morphological resemblance to the reticulum cell 
of the normal gland, and are most probably reticulum-celled carcinomata 
(fig. 2301). Confusion and difficulty arise from the markedly pleo- 
morphic nature, both of these cells themselves and of their arrangement. 
The type cell is a large, irregularly rounded or polyhedral cell, which 
may be arranged in some cases in solid alveolar masses resembling a 
medullary adeno-carcinoma, in others in a stellate arrangement forming 
a loose anastomosing reticulum. Sometimes both types of formation 
are present in different areas of the same tumour, while giant cells, 
kcratinised cells, or irregular calcified deposits may be evident. Again, 
transitions may be found to a flattened type of cell arranged in 
concentric whorls resembling the normal corpuscles. 
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It is thought that these variants arise from a primary proliferation 
respectively of the cells of HassalTs corpuscles and of the thymic 
reticulum, forming the common alveolar and reticular type of carcinoma. 
The striking histological feature of this variety of new growth is the 
extreme degree of variability. The type cell is sometimes spindle- 
shaped rather than rounded, although still a variant of the epithelial 
reticulum cell, while Hassall’s corpuscles or their representations are by 
no means always to be found. The clue is, however, usually given by 
the discovery on search of at least some more fully differentiated types 
comparable with the normal cell. 

Together with these epithelial constituents of the tumour are found 
aggregations of lymphocytes, again in a varying proportion. The 
admixture may be small, with preponderance of epithelial cells, or 
on the contrary, lymphocytes may predominate, and epithelial elements 
be scanty. In the latter case they may sometimes be overlooked alto- 
gether, and ail erroneous interpretation made of the tumour as being 
mainly sarcomatous. The lymphocytes tend, as in the normal organ, 
to show a perivascular distribution, and may be accompanied by 
plasma cells and eosinophil cells. 

The predominance in some cases of lymphocytes has led to an 
alternative classification by Babes and by Matras and Prieskel in 
which these tumours are designated as combined lympho-epithclial 
neoplasms attempting to reproduce the entire structure of the thymus 
by the formation of reticulum cells and Hassall’s corpuscles together 
with the lymphoid tissue. The variations in type are classified as 
under : 

(1) Pure epithelial tumours. 

(2) Lympho-epithelial tumours. 

(а) With preponderance of epithelial type of cell and admixture 
of lymphocytes in varying degree, these being limited to the 
perivascular region. 

(б) With preponderance of lymphoid cells and marked deficiency 
of epithelial elements. In this type the epithelial cells form 
part of the reticulum of the tumour, constituting a sub- 
division to which the term lympho-rcticular carcinoma is 
sometimes applied. 

Ewing holds the view that thymic carcinomata originate in 
connection with portions of involuted thymus, and that such tumours 
are frequently of the nature of infective granulomata, on the analogy 
of Hodgkin’s disease, or of neoplasms consequent upon such granu- 
lomata. This latter view, however, has not received general support. 
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The symptoms of these malignant tumours of the thymus are 
usually local, and are confined to the pressure effects of the growth or 
its metastases, hut Lej*ton, Turnbull and Bratton have described 
the occasional association of thymic carcinoma with pluriglandular 
disturbances, while Wu has noted the co-relation of lympho-epithelioma 
with myasthenia gravis. 

Xo special description is called for of the histological features of 
truly sarcomatous and lyinplio-sarcomatous tumours arising in the 
thymus, these being identical with those found in other organs. 

MACROSCOPIC AND CLINICAL FEATURES OF THYMIC CARCINOMATA 

Although occurring at any age, these tumours are of most frequent 
incidence between the ages of 20 and 40 years, and are commoner in 
the male sex. The onset is usually gradual, with symptoms of unpro- 
ductive cough and dyspnoea, from pressure upon the trachea, while, 
with extension of the growth, adjacent structures may similarly be 
obstructed or invaded. Cyanosis, with venous engorgement of the head 
and neck, may become marked from pressure upon the superior vena 
cava, with distension of surface veins and oedema of the chest wall or 
upper limbs. Stridor and pulmonary collapse may develop, and 
frequently a recurrent blood-stained effusion. In two of my own 
cases, the diagnosis was, however, obscured by the coincidence at 
onset of high intermittent fever with clear, sterile pleural effusion con- 
taining a predominance of lymphocytes, thought at first to be tuber- 
culous, the true aetiology only being suspected later by persistent recur- 
rence of fluid and heavy admixture of blood, increasing dyspnoea unre- 
lieved by tapping, and development ofeedema of one arm ; post-mortem 
examination in each case revealed a large reticulum-celled carcinoma of 
the thymus with extensive metastases over pleura and diaphragm. 

Pressure may occur upon nerves such as the plirenic, recurrent 
laryngeal or vagus, with hiccough and alterations of voice and of pulse- 
rate. Less often dysphagia results from posterior dislocation of the 
oesophagus. Pressure upon or direct invasion of the subjacent peri- 
cardium may give rise to excessive tachycardia from displacement or 
pericardial effusion. 

The rapidity or otherwise, and the extent of development, of symp- 
toms such as the above will vary greatly according to the degree of 
malignancy and rate of growth of the tumour, and in keeping also with 
its naked-eye features and tendency or otherwise to metastasise. In 
many cases growth is slow and only locally malignant. The tumour 
forms a firm, sometimes hard, mass filling the anterior mediastinum, and 
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is lobulated or nodular, with a varying attempt at encapsulation. On 
naked-eye section it is flesliy in appearance, and markedly vascular, 
often showing areas of haemorrhage or of degeneration. The adjacent 
thymic tissue is compressed or replaced, and invasion may or may not 
have taken place through the fibrous capsule of the gland into adjacent 
structures. In some slow-growing tumours, the growth may long 
remain strictly localised to the thymus without spread to other struc- 
tures. In other cases, with more rapid growth, the tumour is softer, 
perhaps friable and necrotic, greyish-red, shows no delimitation by a 
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capsule, and may form a huge mass in the upper thorax and neck, 
infiltrating all adjacent structures and metastasising widely in 
lymphatic nodes and viscera. The lymph glands involved are usually 
the mediastinal, cervical and axillary ; the visceral metastases are in 
most cases confined to the pleura, lung and diaphragm, but may invade 
the liver, kidney, spleen or distant organs as well as the long bones. 
The total duration of disease may be a matter of weeks, while the 
majority of cases prove fatal within a year, commonly from respiratory 
obstruction. 

DIAGNOSIS OF THYMIC NEOPLASM 

Clinical differentiation of tumours of the thymus from mediastinal 
neoplasms in general is in any case difficult, and for the most part 
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impossible. It is suspected from the symptoms already enumerated of 
pressure in the anterior mediastinum. Suspicion would be confirmed 
by localised dullness to percussion over the upper sternum, perhaps a 
visible local protrusion of the chest wall, marked venous distension, 
and suggestive appearance on X-ray examination. 

Radiological investigation should be made in any case of suspected 
e nlar gement of the thymus from whatever cause. An opaque well- 
defined shadow in the anterior mediastinum, extending downwards and 
laterally and overlapping the heart shadow in front on each side, is 
suggestive of a thymic origin. Where the rare circumscribed tumour 
or cyst of the thymus is present, this may be evident from the 
definition or shape of the shadow. 

General examina tion of the patient and special pathological 
investigations, such as biopsy of a lymph gland, a blood count or 
Wassennann reaction, will aid in excluding inflammatory conditions 
such as Hodgkin’s disease or aneurysm. 

Treatment. The majority of thymic tumours, from their position 
and malignant characteristies.areimfortuuatelynot amenable to surgical 
removal. In these cases treatment will consist in symptomatic relief, 
where possible, of pressure effects, as from pleural effusion, together 
with deep X-ray or radium-bomb therapy to the affected area. Radio- 
therapy is usually only palliative in its effects, but appears to be 
temporarily most helpful in the group of sarcomata. 

Where the evidence points towards a localised neoplasm of the 
thymus, attempt may be made, iu some ca^es successfully, at surgical 
removal, either from above through the root of the neck or after 
longitudinal splitting of the sternum. 
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CHAPTER X 


Status Thymo-Lyjiphaticus 

by 

R. Sleigh Johnson 

In the consideration of thymic affections outlined in the preceding 
chapter, discussion was omitted of the syndrome reputed to result from 
simple hyperplasia of the organ and of other lymphoid tissues, to ydiicli 
has been given the name “ status thymolymphaticus.” Special con- 
sideration is merited in view of the controversy which still persists 
among many authorities even as to its claim to be regarded as a separate 
entity. Certainly the use of the term has been abused in its being made 
to cover up much pathological uncertainty and ignorance on the sub- 
ject. A review of recent critical analyses and of the present state of 
knowledge, considered jointly with historical conceptions of the con- 
dition, may be helpful therefore towards an understanding of the 
problem. 

Briefly, the syndrome, as described, relates in the main to the occur- 
rence of sudden, dramatic death in apparently trivial circumstances. 
That this occurs not infrequently is beyond dispute and is a matter of 
general experience. A child, for example, previously considered fit, 
ceases breathing and abruptly dies for no obvious reason at the com- 
mencement of anesthesia for a trivial condition, such as tooth extrac- 
tion or, say, prior to tonsillectomy. A careful autopsy reveals no 
adequate explanation, the vital organs being to all appearances 
healthy ; there may, however, in a proportion of cases be found 
unusual features of bodily structure and physique, together with 
apparent prominence of the thymus. The latter is seized upon as a 
suitablescapegoat and is made to explain an otherwise mysterious death, 
chiefly to satisfy legal demands. The difficulties in arriving at a truth- 
ful explanation are concerned not so much with the facts, which arc 
not in dispute, as with their interpretation as to which are causal and 
which merely associated or incidental. 

From the historical standpoint, much investigation was made to 
elucidate any factors in physique or build common to those who under- 
went sudden death in unexplained circumstances. Paltauf in 18SD 
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was the first of modem investigators to implicate the thymus in its 
causation, although this had been noted in the literature as early as 
the beginning of the eighteenth century. While considering enlarge- 
ment of this organ as the primary and invariable factor, however, he 
was careful to point out associated general changes, such as vascular 
hypoplasia, including that of the aorta, diffuse overgrowth of lymphoid 
structures, a fat flabby build and a tendency to feminism. To this 
combination of features he gave the name “ status thymo-lymphaticus.” 

Sy miners, at the Bellevue Hospital, New York, from a study of 
4000 unselected post-mortem examinations, described the condition as 
follows : “ A combination of hereditary constitutional anomalies, 
entering into which are certain peculiarities of configuration, with 
preservation or even hyperplasia of the thymus gland at an age when 
involution is to be expected, hyperplasia of the lymphoid cells in the 
lymph nodes, spleen, intestine and elsewhere ; hypoplasia of the cardio- 
vascular system, developmental deficiencies in the genitalia, and, 
incidentally, visceral defects of uncertain occurrence and irregular 
distribution.” 

The overgrowth of lymphoid tissue was stated to he evident in the 
tonsils, tongue and naso-phaiynx, in the cervical, axillary, mesenteric 
and inguinal glands, in Peyer’s patches and in solitary follicles of the 
intestine and mucosa of the appendix. Enlargement of the spleen was 
found to be unusual, but lymphoid hyperplasia was present within 
the organ. Hyperplasia of the thymus he regarded as being constant, 
although in only half of his described cases was the weight of the organ 
recorded. The histological change common to all the enlarged organs 
was a marked, active proliferation of lymphocytes. Symniers described 
6-2 per cent of his total of 4000 post-mortem cases as belonging to this 
type, in which males predominated by six to one. 

Hyperplasia of the thymus, before full description of this syndrome, 
had long been held to account not only for sudden and unexplained 
death, but also for disturbances in childhood of lesser severity, charac- 
terised chiefly by dyspnoea and originally graded by Warthin as 
“ thymic stridor ” and “ thymic asthma ” respectively. The former, 
as described, consists of attacks of stridor in the first few months of 
life, coming on especially after a screaming fit or throwing back of the 
head, severe bouts being accompanied by signs of respiratory obstruc- 
tion such as intercostal recession. “ Thymic asthma,” so-called, is but 
a further degree of paroxysmal dyspnoea of inspiratory type, with 
cyanosis or greyish pallor of the face, distended cervical veins, and 
intense overaction of accessory muscles. Unless relieved, collapse is 
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liable to follow, with flaccidity, dilated pupils, feeble heart sounds, and 
death. In both groups, symptoms were ascribed to mechanical pressure 
upon the trachea by enlargement of the thymus, although such stenosis 
could by no means frequently be demonstrated post mortem. 

The work of Paltauf and Symmers stimulated interest, and many 
further cases were put on record of sudden death with reputed thymic 
enlargement, so that for a number of years this easy though inadequate 
explanation received tacit acceptance. Subsequent analysis of these 
and similar publications, however, showed that observations made 
therein upon the thymus assumed to be pathologically enlarged were 
based on widely varying standards of normality as regards size and 
weight of the thymus in health at different ages and periods of growth. 
Hammar in 1926, in an exhaustive study, first put these standards 
upon an established basis, indicating the variations in the weight of 
the organ which must be accepted as within the physiological range in 
relation to age, sex, height, body weight and weight of other organs. 
Although rough approximations were found between which the 
majority of normal figures lay, nevertheless wide limits, up to some 
hundreds per cent, were found occasionally to be compatible with 
normal health and unassociated with symptoms of the “thymic 
syndrome.” 

When put to the statistical test, the case for hyperplasia of the 
thymus per se being responsible for sudden death was found to break 
down. Some further and wider explanation had to be sought for. 
Observations were continued by Greenwood and Woods, and jointly 
with them by Professor Turnbull, to discover, by analysis of a very 
large series of post-mortem examinations on young subjects, whether 
these high deviations from the average figure for weight of the thymus 
occurred any more frequently in cases of reputed “ thymic death ” than 
in death from any other unselected cause, as, for example, from accident. 
Their conclusions, though largely negative, nevertheless threw some 
light on the question. Taking the weight of the organ alone, although 
they found no general tendency to an increase in size, that is, to hyper- 
plasia, of the thymus in the former group, they were able to demonstrate 
a greater degree of variability in weight around the mean figure in those 
cases where sudden death had occurred than in the control group. 
The probability of the organ being either larger or smaller than the 
average for that age was greater in the former group than in cases of 
death from other ca uses. Their conclusion on the theory of hyperplasia 
was that the terms “ status lymphaticua ” and “ status thymo- 
lymphaticus ” were “ mere verbalisms. ’ 
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liable to follow, with flaccidity, dilated pupils, feeble heart sounds, and 
death. In both groups, symptoms were ascribed to mechanical pressure 
upon the trachea by enlargement of the thymus, although such stenosis 
could by no means frequently be demonstrated post mortem. 

The work of Paltauf and Symmers stimulated interest, and many 
further cases were put on record of sudden death with reputed thymic 
enlargement, so that for a number of years this easy though inadequate 
explanation received tacit acceptance. Subsequent analysis of these 
and similar publications, however, showed that observations made 
therein upon the thymus assumed to be pathologically enlarged were 
based on widely varying standards of normality as regards size and 
weight of the thymus in health at different ages and periods of growth. 
Hammar in 1926, in an exhaustive study, first put these standards 
upon an established basis, indicating the variations in the weight of 
the organ which must be accepted as within the physiological range in 
relation to age, sex, height, body weight and weight of other organs. 
Although rough approximations were found between which the 
majority of normal figures lay, nevertheless wide limits, up to some 
hundreds per cent, were found occasionally to be compatible with 
normal health and unassociated with symptoms of the “thymic 
syndrome.” 

When put to the statistical test, the case for hyperplasia of the 
thymus per se being responsible for sudden death was found to break 
down. Some further and wider explanation had to be sought for. 
Observations were continued by Greenwood and Woods, aud jointly 
with them by Professor Turnbull, to discover, by analysis of a very 
large series of post-mortem examinations on young subjects, whether 
these high deviations from the average figure for weight of the thymus 
occurred any more frequently in cases of reputed “ thymic death ” than 
in death from any other unselected cause, as, for example, from accident. 
Their conclusions, though largely negative, nevertheless threw some 
light on the question. Taking the weight of the organ alone, although 
they found no general tendency to an increase in size, that is, to hyper- 
plasia, of the thymus in tlie former group, they were able to demonstrate 
a greater degree of variability in weight around the mean figure in those 
cases where sudden death had occurred than in the control group. 
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In view of tlie importance of these observations, in 1926 a joint 
committee of the Medical Research Council and the Pathological Society 
of Great Britain and Ireland was established to investigate the prob- 
lem still more closely. Their broad conclusions confirmed the opinions 
of the previously named observers in finding no evidence that the 
so-called “ status thymo-lyraphaticus ” existed as a pathological 
entity. 

The problem thus became increasingly complex and still unsolved. 
No positive evidence having been deduced regarding a constant abnor- 
mality in size or weight of the thymus, attention was directed to 
possible significant factors in the minute structure of the gland, a 
direction of study included by Hammar in his analyses. He investi- 
gated the organ from the aspect of the degree of proliferative or 
involutional changes present, taking as indices the relative proportions 
to one another in the gland of Hassall’s corpuscles of differing sizes. 
These “ Hassall’s ratios ” were obtained by classifying the corpuscles 
into three groups according to diameter. With this as criterion of 
internal structure, analysis by Greenwood has shown an interesting 
analogy with his observations on total weight. While no significant 
difference is found in the average figure of the two groups as regards 
the size of HassalPs corpuscles, nevertheless a greater degree of varia- 
bility around the mean figure could again be demonstrated, taking the 
group as a whole rather than individual cases. 

To summarise, the evidence regarding the thymus in these states 
which is justified by critical analysis indicates, therefore, a degree of 
instability of the organ in weight and structure, to be interpreted with 
most probability not as causative, but merely as part of a generally 
greater instability of the body as a whole. 

With the disproving of a primary part played by an enlarged 
thymus, the theory of a fatal result being brought about by pressure 
on the trachea or vagus has to be abandoned. Death, moreover, in 
these cases is too sudden to be due entirely to asphyxia. A theory wliich 
appears more reasonable is that death occurs from a form of anaphylactic 
shock with sudden vagotonia and cardiac inhibition. 

This theory has been studied fully by Symmcrs among others, 
taking a wider view of the syndrome and anatomical clianges. He 
described two anatomical types : firstly, a condition of “ status lymph- 
aticus,” with well-marked lymphoid hyperplasia throughout the body, 
including often a lymphocytosis in the blood and an accompanying 
susceptibility to anaphylaxis, urticaria, asthma, convulsions, and 
(rarely) sudden death, together with a lowered threshold to infection 
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and defective development of the muscular coats of the arteries ; and, 
secondly, a condition of “ recessive status hjmphaticus” in which bodily 
configuration remains unchanged, but involutional atrophic changes 
have occurred throughout the lymphoid tissues. In this second group, 
as the lymphoid structures undergo involution so the tendency to ana- 
phylaxis diminishes and with it the danger of sudden death. The first 
group predominates in childhood and tends with adolescence to pass 
into the second. 

The theory is supported by the microscopic changes he describes 
in the lymphoid tissues in cases where sudden unexplained death has 
occurred. In such cases he has found abundant areas of necrosis in 
the germinal follicles of the lymphoid tissues throughout the body. 
These are present in all stages both of the necrotic and of the reparative 
phases, the former predominating. His theory is that the hyperplastic 
lymphoid tissue, especially in the naturally exposed situations of the 
upper respiratory and gastro-intestinal tracts, is subjected to repeated 
minor chemical and toxic trauma, to which it reacts by focal necrosis ; 
that in this process a specific nucleo-proteiu is liberated to which the 
lymphoid tissues become sensitised. Subsequent exposure to the stimulus 
produces further necrosis and liberation of toxin, with an anaphylactic 
reaction varying according to the intensity of stimulus, which reaction, 
if marked, is shown by sudden death. 

Such a theory, though admittedly hypothetical, at any rate goes 
further to explain the known facts than any other so far put forward, 
and links together the minor and major manifestations into a single 
conception. 

It remains to refer to the operative risk and to discuss what prophy- 
lactic measures, if any, are to be adapted where the need for caution 
is suspected from the clinical type. In a fat, flabby male child with 
palpable glands and enlarged tonsils, especially if a blond, operation 
should be undertaken only if really necessary, and any catarrhal infec- 
tion of the upper respiratory tract first treated with thoroughness. 
Emotional excitement, excessively strenuous exercise, and extremes of 
temperature in bathing should be avoided, and any evidence of rickets 
given appropriate treatment. If radiological examination shows a 
large thymic shadow, cautious X-ray treatment to the gland region 
is indicated prior to operation. Some estimation of the need for caution 
is to be obtained from a differential blood count, the danger of anaphy- 
laxis being the greater in proportion to the percentage of lymphocytes 
present, since the latter may be accepted as a more or less reliable 
index of the degree of general lymphoid hyperplasia in the body. 
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INTRODUCTION 

In Volume II of this work (Part XVI), under the comprehensive title 
of “ Orthopaedics,” the following subjects were discussed : Deformities 
of the Feet ; Disabilities of the Knee Joint ; Acute Osteomyelitis ; 
Acute Arthritis ; Open or Compound Fractures ; Muscle and Tendon 
Injuries ; and The Surgery of the Peripheral Nerves. 

This part is a continuation of the subject, and I have here described 
in some detail : Operations upon the Joints ; Tumours of Bone (with 
special reference to Sarcoma) ; and those aspects of Fractures not 
dealt with in Volume II. The value of certain operations for Tuber- 
culosis of the Joints is described, but no attempt has been made to 
discuss the routine treatment of any one joint affected with this disease. 
A detailed account of Amputations and the Operative Procedures 
upon Joints is given, the former because it is important and the latter 
on account of the definite advances that have been made in this branch 
of surgery during the past twenty years. 

In subsequent editions of this work the whole subject of Orthopaedics 
will be incorporated in one single volume. 
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CHAPTER I 
Amputations 

The term amputation is employed when an operation is performed to 
remove a portion of a limb by dividing the bone, whereas disarticulation 
indicates division through a joint- 

injury and disease of a limb are clearly the causes for which amputa- 
tion is required, and there is* no intention of discussing in any detail 
the indications for each operation. However, it is most important for 
the surgeon to appreciate that, in deciding the level of amputation, he 
should consider not only the damaged or diseased portion of the limb, 
but also the production of a stump which will he able to fulfil a useful 
function. When amputation is carried out as a life-saving measure, or 
near an infected area, it may not be possible to give as much considera- 
tion to the stump as in a “ set operation.” At times, amputations will 
be carried out as a preliminary operation, with the realisation that 
when life has been saved and infection is absent, a set operation may be 
necessary to make a satisfactory stump. However, if the emergency 
operation is carried out with thought as to the level of bone division, 
and skill with regard to the division of skin and muscle, the second 
amputation will often not be required. 

A knowledge of artificial limbs will assist in deciding which will be 
the most satisfactory stumps produced by the various types of amputa- 
tion and disarticulation. 


AMPUTATION STUMPS 

In both upper and louer limbs, it is advisable for: 

(I) The skin over the end of the stump to fit neatly without undue 
tension ; (2) the scar to be painless and placed so that it does not become 
nibbed or pressed upon by the artificial limb ; (3) the shape to be regular 
with no irregular bulges at the end of the stump ; (4) the end of the 
hone to he well covered by soft tissues ; (5) the whole stump to be 
painless ; (6) the divided nerves to be painless ; and (7) the joint above 
the stump to be painless and have a full range of movement. 

In the hirer limb , the stump either has to bear weight directly — 
end-bearing — as in Syme's amputation, or it is used as a lever when 
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weight-bearing is taken by bony prominences above the stump. This 
is exemplified by : (a) Mid-leg amputation, when the bucket of the 
artificial limb fits against the head of the tibia and the lower border of 
the patella, and the leg stump is the lever ; and (6) supracondylar 
amputation, when weight-bearing is taken by the tuber ischii, and the 
thigh stump acts as a lever (fig. 2303). 

Sacrifice of some length of limb is often advisable in order to produce 
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TBS LISE or BONE SKTIOT ABE INDICATED IS EACH CASE. 

INDICATED IS EACH CASE. 

a stump satisfactory for weight-bearing and thus for function. A scar 
at the end of the stump or an adherent scar is undesirable. 

In the upper limb, weight-bearing is not required, and the function 
of the stump is limited to the transmission of movement, so that objects 
can be moved and held. 

Every effort should be made to provide as long a stump as 
possible, but the situation of the scar is of little importance provided 
the flaps are cut so that the scar has a good circulation and does not 
tend to ulcerate (fig. 2304). 

Particular attention to the technique of dealing with the nerves is 
of paramount importance. 
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TECHNIQUE OF AMPUTATION 

A tourniquet is used as a routine measure, and is placed as far above 
tlie site of operation as possible. It is contra-indicated when the blood- 
vessels are calcified, and cannot be employed in amputations and 
disarticulations about the shoulder and hip joints. 

SHn flaps. The total length of the flap or flaps should be that 
of the diameter of the limb at the level of bone section. Sometimes a 
shorter length is sufficient, as in the thigh where skin stretches readily. 
The old rule of “ a diameter and a half ” produces a loose flap, and was 
formulated when retraction of skin followed granulation of the wound. 
The type of flaps cut differs in various countries and also amongst 
surgeons in this country. It is advisable to be conversant with the 
recognised methods of cutting flaps, for each type is usefid in some 
portion of a limb. 

The circular skin flap is suitable for portions of a limb that are more 
or less cylindrical. It is usually modified by two lateral vertical 
incisions, which really convert it into two equal flaps. 

The elliptical skin flap is little used in this country, but is suitable 
for portions of a limb that are conical. This may be converted into a 
racket incision by adding a vertical incision from the highest point of 
the ellipse. 

The flap method means the cutting of two rectangular or semi- 
circular incisions (either equal, or with one flap larger than the other) 
or of a U-shaped flap of skin from one surface. These flaps should be 
from the flexor and extensor surfaces (i.e. anterior and posterior) 
rather than lateral flaps. As a rule, the longer flap should be cut from 
the extensor surface. The subcutaneous tissue should he included in 
the skin flap and not separated from the skin. If there is an excessive 
amount of fat, it is advisable to remove some of the deeper portion of 
this. 

Muscle and muscle sheath. As a general rule, these should be divided 
at right angles to the long axis of the limb and below the line of bone 
section. Tendons should be divided at a similar level and not with- 
drawn from their sheaths. It is advisable to allow sufficient muscle to 
cover the end of the hone and make a regular-shaped stump. If too 
much muscle is left the stump is unnecessarily bulky. In certain 
amputations, such as those directly above the knee joint, a good cover- 
ing for the bone is obtainable by including the muscular and apo- 
neurotic tissue in the skin flap, but this is not desirable as a general 
principle. The attachment of tendons to the flap or scar is undesirable. 
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Bone and periosteum. Muscles should be retracted by an assistant 
holding an efficient muscle retractor or device which enables the 
operator to see the bone clearly and prevents muscle tissue from coming 
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in contact with the saw (fig. 2305). The periosteum is divided with a 
knife just above the proposed line of bone section and is gently pushed 
upwards (fig. 2300). The lower cuff is pushed downwards, and the bone 
sawn through at right angles to its long axis. If any 
prominence remains owing to the bone being irregular 
in shape (e.g. the tibia), this prominence is rounded off, 
or it can be sawn partly through before the bone is 
divided. If this method of dealing with periosteum 
and bone is followed in clean amputations, the end of 
the bone will round off and the end of the medullary 
cavity become covered with compact bone. If the end 
of the bone is covered with periosteum or a flap of bone 
covered by periosteum (osteoplastic), there is a like- 
lihood of the end of the bone becoming thickened and 
of spur formation taking place. r, 3 . 230 a. _ i u „ 

Hannorrhane. The main blood-vessels are divided ! !IWC ‘ TWI,, ‘ 
transversely and neatly, and are picked up singly «■* periosteal nar { 
with artery forceps. Others visible are dealt with or* 
similarly, and each is ligated in turn with catgut. '" ,owx - 
Non-absorbable material tends to form a nodular scar and, in the 
presence of sepsis, acts as a foreign body. When all visible vessels have 
been ligated, the tourniquet is removed and other vessels are picked up 
and tied. A basin of sterile saline at 120 s F. is then placed beneath 
the stump and the wound bathed. This will arrest oozing and make 
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a number of smaller vessels more visible. "When it is realised that the 
main vessels are calcified it is unwise to use a tourniquet, as this 
may injure the artery and therefore damage the blood supply to the 
peripheral part of the stump. As digital compression may have a 
similar detrimental effect, it is advisable to proceed deliberately by 
picking up the vessels bleeding after division of the skin, and then to 
cut down to the main vessels and pick them up with artery forceps 
before division. Other large vessels can be dealt with similarly. In 
particular amputations, such as disarticulation at the hip or shoulder, 
a tourniquet cannot be used and it is expedient to cut down on 
to the main vessels and ligate them above and below the place 
where they are to be divided, before proceeding further with the 
amputation. 
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Nerves. When the blood-vessels have been ligated, each nerve in 
turn is pulled down by traction with forceps. A strong pair of artery 
forceps is then placed at right angles to the nerve and as high up as 
possible. The nerve is well crushed and a catgut ligature placed round 
the nerve at the crushed point. The nerve is then divided just below 
the ligature (fig. 2307). The object of this is to confine to the inside of 
the sheath new axis cylinders which form, thereby limi ting the size 
of the pseudo-neuroma and adherence to surrounding structures. 
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The injection of formalin, alcohol, novocaine, or other fluids is not 
advocated. 

Closure of the icound. Muscles and their sheaths are stitched 
together over the end of the bone to cover the divided area, obliterate 
dead spaces, and give the desired shape to the stump. A rubber 
drainage-tube with a safety-pin through one end is inserted with one 
or both ends protruding at the lateral edges of the scar. The skin and 
subcutaneous tissue are sutured accurately with a number of strong 
interrupted sutures, and then with a fine continuous stitch. The stump 
is covered with a large dressing of gauze and wool and firmly bandaged 
with a 6-inch gauze roll, after which another layer of wool is bandaged 
on. A piece of elastoplast is then placed in the long axis of the limb 
to prevent the tendency of the dressing to come off the end of the 
stump. The stump is then placed on a small pillow. In lower limb 
amputation a thin towel is spread over the stump and pillow and 
fixed by sand-bags. 

After-Treatment. The drainage-tube is removed in forty-eight hours. This 
can often be accomplished without removal of the whole dressing, which saves 
the patient both pain and anxiety. After this the stump is left free on the pillow. 
The skin sutures are removed in ten days and the patient is encouraged to move 
the stump. He gets out of bed when the sutures are out in the case of upper Jimb 
amputations, and after three weeks in lower limb amputations. The stump 
is kept firmly bandaged, but movement is encouraged, so that it docs not become 
flexed at the joint proximal to the amputation. This is particularly important in 
thigh amputations. 

ICineplastic amputation. Attempts have been made in upper limb 
amputations to adapt the ends of the bones, muscles and tendons so 
that they have direct control over mechanical contrivances, without the 
use of an artificial limb. The lower end of the forearm has been the area 
of choice for this type of operation, but ingenious as have been the 
operative procedures, the function produced has been in most cases 
useless. 

AFTER-TREATMENT OF AMPUTATIONS 

A week after the wound is healed the stump should be washed with soap and 
water, dried, dehydrated with spirit, and powdered. It should be massaged 
daily, and the patient encouraged to move the proximal joints. A firm bandage 
will be comfortable, preserve the shape, and help the shrinkage. 

In the case of the lower limb, it is most important to get the patient out of 
bed, both using crutches and wearing a pylon as soon as possible. This is to prevent 
flexion deformity of the knee in bclow*knee amputations and flexion-adduction 
deformity in thigli amputations. 

A pylon consists of a bucket made of plaster from a cast and lined with felt 
at pressure points. The bucket is fixed to hickory sticks as is shown in figure 2303. 
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This apparatus enables the patient to learn to balance, usually using one crutch, 
and keeps the stump mobile. As the stump shrinks, a new bucket can be made, 
and when the stump has reached a stable condition a permanent artificial limb 
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is provided. The patient learns how to use the more complicated apparatus with 
far less difficulty after six months’ use of a pylon. 

Skin irritation or infection of a stump always requires attention, and the 
artificial limb should not he worn until it is relieved. 


COMPLICATION’S IN* AMPUTATION' STUMPS 
Conical stump. This arises: (1) in childhood from growth of the bouc 
within the stump, or (2) from retraction of muscles cut too short at the 
time of primary amputation. 

(1) This complication cannot be prevented. Owing to the situation 
of the “ growing end ” of the bone, it is seen most frequently after 
amputation through the arm or leg in children. An early re-aniputa- 
tion will be followed by a further conical stump, unless a long piece of 
bone is removed and very amply covered by soft tissues. Unfortunately, 
if tlie conical stump is left indefinitely, the tissues over the end of the 
bone gradually become thinned until ulceration of the skin may occur. 
It is advisable to delay the re-amputation as loug as possible, and if it 
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has to be done before the age of sixteen ample covering must be placed 
over the end of the bone. Any operative procedure on the metaphysis, 
where the new bone formation is occurring, which aims at stopping this 
growth is to be condemned in the case of the conical stump, as it is 
impossible to ensure cessation of growth in a regular manner. It is 
inadvisable to operate on the base of a stump, where pressure often 
occurs from the artificial appliance, and the risk of producing deformity 
there is greater than is the chance of an eventual good stump by the 
method already suggested. 

(2) A conical stump in an adult necessitates re-amputation if the 
artificial appliance is not working efficiently or if there is pain or a 
tendency to ulceration over the end of the stump. It is advisable to 
operate at a time when there is no granulating area over the end of the 
bone, and the operation is carried out on the lines of an amputation at a 
higher level. 

Scar tissue. If there is a painful scar, particularly at a pressure 
area of the artificial limb, this should be excised. Often there is 
thickened rough skin and alteration in the vascularity around such a 
scar. The artificial limb should not be worn for three weeks or so prior 
to operation, and the skin should be cleansed and softened. If possible, 
a wide area of skin including the scar should be removed and the suture 
carried out accurately. Advantage is often gained by closing the 
wound in such a way that the new scar lies in a different position 
from that of the old painful area. 

Painful neurofibroma. This arises from imperfect technique in 
dealing with a nerve at the primary amputation, and often after 
amputations carried out through infected areas. The nerve bulb and 
1 inch of nerve above should be exposed through an incision in a line 
with the nerve. The nerve proximal to the bulb is freed and traced 
down to the bulb, which is dissected from the surrounding fibrous 
tissue (see fig. 2309). This is then grasped firmly with strong hsemostats 
and the nerve pulled down. The nerve is then crushed and tied off, 
as described under Technique in dealing with nerves. It should be 
possible to crush it 2-3 inches above the bulb. Experience after the 
War showed that the new nerve bulb formed was sometimes painful, 
even when the secondary operation was carried out with due care. 
It is suggested that this was due to a chronic inflammatory condition 
present in the nerve, and that the tendency was for the bulb to get less 
tender after some months, whereas injections of alcohol or other fluid 
were inclined to irritate the nerve structure and increase the symptoms. 

Spurs. Spur formation may occur at the end of the bone. A spur 
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results from ossification in muscular or tendinous tissue attached to the 
edge of the end of the bone. The rough stripping up of periosteum, par- 
ticularly in the presence of mild infection, may be the primary cause. A 
spur can often be prevented by cutting away the periosteum proximal 
to the fine of bone section, and by diriding the muscular attachment to 
the bone for an inch above the end of the stump (e.g. muscular attach- 
ment to linea aspera in thigh amputations). 

The existence of a spur, found on palpation in a stump not well 
covered, or seen in a skiagram, does not call for treatment unless it is 
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painful. In removing a spur care must he taken to avoid rough treat- 
ment of the bone, periosteum and muscular attachments, or else 
another spur may form ; when a number of spurs are present round 
the end of the hone, it may be advisable to remove the distal 4-inch of 
the amputated bone with the spurs attached. 

Sinus in a stump. A persistent sinus indicates infection around a 
foreign body, which is usually a piece of non-absorbable ligature or a 
sequestrum, or, rarely, is due to a retained drainage-tube. Apart from 
faulty technique at the primary operation, this occurs when the amputa- 
tion has been carried out for an infected condition of the extremity. 
The primary wound may not have healed in its entire length, and a small 
discharge occurs at one corner, particularly at the angle through which 
the drainage-tube emerged. If silk or thread has been used for ligature 
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of the vessels, it is best to wait in the hope that the ligature will discharge 
itself. If after two months the sinus is unhealed, a skiagram should be 
taken of the stump. A sequestrum is likely to be a small piece of bone, 
or a complete ring with spikes of bone proximally, which is separating 
from the shaft. A sequestrum should be removed as soon as the X-ray 
appearance suggests that it is free from the shaft. It is preferable to 
avoid cutting bone away, as further infection may occur (fig. 2310). It 
is inadvisable to close the wound completely, and it should be cleansed 
with spirit, packed with flavine and paraffin, and dressed weekly. 
If there is osteomyelitis of the shaft for some distance up the bone, 
re-amputation may be advisable above the infected area ; this usually 
means above the proximal joint. In the case of the femur every effort 
should be made to preserve this, and an operation carried out on the 
lines of one for chronic osteomyelitis through an incision on the lateral 
aspect of the limb may be required and prove satisfactory. 

A granulating stump is considered subsequently (see page 4277). 

AMPUTATION IN THE PRESENCE OF SEPSIS 

This is usually performed as a life-saving measure, when the sur- 
geon’s primary thought is the patient’s life, with the realisation that a 
perfect stump may not be obtained from the primary amputation. It 
is practised most frequently in cases of infection superimposed on moist 
gangrene of the foot, gas gangrene, gunshot wounds, and severe 
infection of the tendon sheaths of the palm. 

It must be realised that the tissues at any level of the limb are 
likely to be infected, although this may be indicated only by oedema, 
particularly around the vessels and in the subcutaneous tissue. Ampu- 
tations through large joints should he avoided ; Syme’s amputation and 
those through the tarsus and metatarsus should not be carried out in 
the presence of sepsis. 

As a life-saving measure the most simple operation to perform 
through the thigh or arm is that popularly called the “ guillotine ” amp- 
utation (see fig. 2311). A tourniquet is used, and the skin, muscle, and 
bone are divided in turn at the same level. The blood-vessels and 
nerves are dealt with as in any amputation. The large open wound is 
covered with a dressing soaked in flavine-paraffin emulsion. 

This method can be modified by the use of flaps, and such is the 
operation of choice. The flaps should be cut so that the extensor surface 
flap is twice as long as that from the flexor surface. The muscles are 
divided and, without unduly disturbing them after division, the bone is 
divided about 1 inch above the level to which they retract. The vessels 
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and nerves are dealt with, and the skin flaps are sutured back to the skin 
above by a stitch at each corner. This leaves the muscles and possibly 
bone exposed. A flavine-paraffin dressing is placed over the exposed 
area. After seventy-two hours, if the patient’s condition is satisfactory 
and the stump looks clean, the stitches are cut and the skin flaps are 
allowed to fall over the granulating muscle, but are not stitched. They 
will often cover it completely, as oedema of the muscle and subcutaneous 
tissue will have subsided. 

If infection is present, the skin flaps are not unstitched for a week or 
so. After this time, whether the stump is clean or not, it is unlikely 
that they will cover the stump, but the dressings will be less painful 
and the healing time shorter than with the “ guillotine ” method. 

Should it appear that the stump is unlikely to become a serviceable 
one when the patient’s general condition has improved, two lines of 
treatment are possible : 

(I) To apply extensions of strapping to the skin of the stump in 
order to draw this down. The other end of the extensions can be applied 
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to a ring as in figure 2312. This is always necessary in the “ guillotine ” 
operation ; or 

(2) To re-amputate the granulating stump. It is advisable to allow 
it to granulate until the unhealed area is the size of a large watch. If 
sequestration of the end of the bone occurs, this should be dealt with 
prior to the re-amputation. As a preparation for secondary operation, 
the area should be thoroughly cleansed, all scabs removed, and the 
surface painted with iodine twice a day for three successive days. 
Re-amputation must be carried out as far from the granulating area 
as the length of stump permits, and the technique must be planned 
so that the granulating area is not touched by instruments in the 
course of operation. 

CONTRACTURES AND VASOMOTOR DISTURBANCES 

It is recognised that subsequent to amputation a number of patients 
get a painful stump with contracture of the proximal joint. Often the 
stump is cyanosed in colour and tender to touch, and the patient keeps 
it mapped up in layers of wool and bandages. Such a stump is seen at 
times when amputation is carried out for causalgia, and at other times 
for no reason which can be ascertained ; the condition is most distressing 
to the patient, and the surgeon often proceeds from one operation to 
another without producing any relief. The primary treatment of 
causalgia is one of great difficulty, and in the other group of cases our 
knowledge of the etiology is so deficient that no one can foretell whether 
any measure will produce relief. The efforts at relief that have been 
carried out include nerve injection, operations on the sympathetic 
nervous system and spinal cord, and re-amputation. The last is often 
followed by removal of a further portion of the limb. 

The Lower Extremity 

AMPUTATIONS OF THE TOES 

(1) The terminal phalanx is amputated in cases of deformity of a 
toe with a painful corn or nail. A plantar flap is used with a transverse 
dorsal incision directly above the nail. The plantar flap is dissected 
back, and after the terminal phalanx has been removed the flaps are 
sutured in position. 

(2) Partial amputation of toes through phalanges or the proximal 
interphalangeal joint is undesirable. 

(3) Amputation of an entire toe, i.e. through the metatarso-phalangeal 
joint, is often required. The racket incision, that is, using lateral flaps, 
is the most satisfactory. In the 2nd, 3rd and 4th toes, the handle of the 
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racket lies in the middle of the dorsum of the toe, the uppermost point 
being above the metatarso-phalangeal joint. The flaps pass round the 
toe just distal to the web (fig. 2313). The incision is carried down to 
the bone ; the two dorsal and plantar arteries are secured in the flaps ; 
the plantar ligament is divided against the base of the first phalanx ; 
the phalanx is enucleated ; and soft structures not already divided are 
cut through. The incision for amputation of the 5th toe is indicated 
in the diagram. Amputation of the 4th and 5th toes leaves a strong 
foot, but amputation of the 2nd and 3rd toes is followed by hallux 
valgus and is often unsatisfactory. When any three toes have to be 
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removed, it is usually advisable to amputate all the toes including the 
hallux at the metatarso-phalangeal joints, and to remove the head of 
the 5th metatarsal. 

(4) Amputation of the hallux (big toe) : (a) The amputation through 
the interphalangeal joint is carried out as in the case of the other toes, 
hut it is usually easier to open the joint from the dorsum and to carry 
the knife along the plantar aspect of the phalanx, i.e. to cut the flaps 
from within outwards. 

(6) Racket incisiou is used for the amputation through the 
metatarso-phalangeal joint, but the handle of the racket is placed on 
the outer (little toe) side of the metatarsal bone. The flaps should be 
cut unequal, the larger one being along the inner side of the toe. Tliis 
is done to prevent the scar being exposed to pressure from the shoe. 
Care must be taken that there is uo tension over the metatarsal head. 
A modification of this operation is to cut through the 1st phalanx just 
distal to its base and to leave this attached to the metatarsal, thereby 
producing a better stump. 
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AMPUTATIONS THROUGH THE FOOT 

These are seldom satisfactory. The standard amputations are : 

(1) Through the metatarsus at any level. 

(2) Lisf ratio’s amputation , and its modifications by Hey and Skey. 
The more of the foot that can be left the better, as a padded boot will 
be more comfortable and serviceable. The advantages of a flap from 
the sole are that the tissues on the sole are thicker and more vascular, 
and that the scar will be placed on the dorsum. These operations 
are not suitable if there is an equinus deformity which cannot be 
corrected. 

(3) Chopart’s mid-tarsal amputation, which consists in disarticula- 
tion of the foot through the astragalo-scaphoid and calcaneo-cuboid 
joints, so that the astragalus and os calcis remain on the limb. A long 
plantar flap is used. The operation is performed on the Continent and 
in Scotland, but it is not regarded with favour in England, owing 
to the equinovarus deformity of the stump which frequently follows. 
Fixation of the peronei and extensor muscles to the outer side of the 
astragalus and os calcis can be employed in an attempt to prevent this. 

AMPUTATION AT THE ANKLE JOINT 

Syme's amputation consists in using the heel as a covering to the 
lower end of the tibia and fibula, just above the ankle joint. It should 
not be employed if there is scar tissue in the skin of the heel, or in the 
presence of any gross infection in the foot. The details of the classical 
operation, originally described nearly one hundred years ago, have been 
somewhat modified, as the flap was found to be too large. 

A sand-bag is placed under the leg, and the lower third of the leg 
protrudes over the end of the tabic. The operator stands at the end 
of the table facing the sole of the foot. 

(1) Skin flap. The incision is elliptical, extending from above the 
ankle joint in front to 1 inch in front of the point of the heel. For the 
right foot, the incision begins on the outer side of the heel 1 inch in 
front of the point of the heel and is carried upwards over the tip of the 
external malleolus forwards and upwards to 1 inch above the ankle 
joint. It then passes downwards, crossing a point 1-inch below and in 
front of the tip of the internal malleolus to the side of the heel 1 inch 
in front of the point of the heel. A transverse incision across the heel 
joins the two ends of the incision (see fig. 2314). 

For the left foot, the incision is commenced on the inner side of the 
heel, 1 inch in front of the point of the heel, and is carried round in the 
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reverse direction. The knife should penetrate right down to the bone 
all round the incision. 

(2) Disarticulation. The foot is plantar flexed by the assistant, and 
a strong scalpel is used to divide in turn the anterior ligament of the 
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ankle joint, the lateral ligaments (from within outwards), and the 
posterior ligaments. 

(3) Dissection of the os raids. The foot must be kept plantar flexed 
while the surgeon dissects the tendo Achillis and heel pad of fat from 
the os ealcis. The kuife must be kept close to the bone during this 
procedure, the dissection being carried out by a series of incisions on 
to the bone. 

(4) Removal of the loicer ends of the tibia and fibula. The skin flap is 
retracted, and an incision made through the periosteum |-inch above the 
level of the ankle joint and at right angles to the long nvis of the leg. 
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The periosteum is gently pushed up with a broad fan-shaped elevator. 
The tibia and fibula are then sawn across not less than i-incli above 
the joint, care being taken that the line of the division of bone is at 
right angles to the shaft of the tibia. 

(5) Soft structures. The anterior tibial vessels and the internal 
saphenous vein require ligation, and the anterior tibial and musculo- 
cutaneous nerves, although small, should be picked up, drawn down, 
crushed and ligated. The plantar vessels are ligated, and the nerves 
dissected from the flap. The latter should be dissected up to the pos- 
terior tibial nerve, which is of considerable size. The nerve is crushed 
and ligated as far up as possible above the level of bone division. Other 
small vessels may require ligatures. Any tendons which have not 
retracted are drawn down and divided. 

(6) Closure of the wound and drainage . The stump is bathed with 
saline at 120° F. and the flap sutured, care being taken that the mid- 
point of the heel flap is sutured to the mid-point in front. A small 
drain is inserted into each corner of the incision for two days. A 
drainage-tube should not be placed through a puncture wound in the 
heel flap. 

This amputation produces an end-bearing stump, on which the 
patient can walk in six weeks. The simplest appliance worn is an 
“ elephant boot,” i.e. a boot with a strong broad heel, the leg piece 
of which is laced up the front like a long lace-up riding boot. This is 
usually more satisfactory than the more expensive and elaborate 
appliance which has a platform and side steels and an ankle movement 
device with rubber buffers below. 

AMPUTATIONS THROUGH THE LEG 

The standard operation provides a 7-inch stump of tibia, and is an 
excellent amputation when there is full movement at the knee joint. 
If only 5 inches of tibia are available, the function is nearly as good. 
With 4 inches of tibia the patient can manage an artificial limb, if bis 
thigh and stump are not very large. When less than that is available, 
an above-knee amputation is advisable, unless he is to use a peg-leg 
with a flexed knee. By means of the latter, weight-bearing is taken on 
the anterior surface of the stump, which is flexed to a right angle. Such 
an appliance was provided when amputation at the site of election was 
practised. Amputation in the lower third of the leg is undesirable as 
the scar and flaps are liable to congestion and ulceration. 

Mid-leg amputation. (1) The skin incision consists of a large 
anterior and a short posterior flap (or of a large anterior flap only, equal 
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in length to the diameter of the leg at the level of bone section). A 
length of tibia, 7 inches long from the knee joint, is measured and the 
point noted. The diameter of the leg at this level is measured, and a 
large anterior flap cut. measuring in length three-quarters of the 
diameter and in width half the circumference of the limb, so that the 
lateral incisions are just behind vertical lines drawn upwards from 
the malleoli. The transverse incision over the calf joins the upper third 
of the anterior skin flap (fig. 2315) ; this should be carried down to the 
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bones. The flaps are cut so that the comers are rounded, and are 
reflected. 

(2) The muscles in the front of the leg and interosseous membrane 
are divided. The periosteum of the tibia is divided and pushed up 
for half an inch. 

(3) The saw is applied obliquely to the tibia one-third of an inch 
above the level at which it is intended to divide the bone. When it 
has been cut half through, the saw is removed and a transverse cut 
made across the tibia, the wedge-shaped piece of bone falling out, so 
that the line of division of the tibia is an obtuse an«le. The fibula is 
then divided 1 inch above the level at which the tibia was divided. 
This can be done by a strong pair of bone-cutting forceps of the 
laminectomy type, care being taken that the bone is not splintered. 

(4) The vessels are ligated, including the saphenous veins. Some 
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small vessels in the calf muscles require attention. It is very important 
to deal efficiently with the anterior and posterior tibial and the musculo- 
cutaneous nerves. 

(5) The flaps are sutured, and should fit neatly. If they have been 
cut too long, so that they are loose over 
the ends of the bone, one flap should be 
shortened. A drainage-tube should be inserted 
across the stump. The scar will be placed 
on the posterior aspect of the limb. The knee 
joint should be kept extended during the 
convalescence. 

The use of lateral flaps, producing a scar 
which is intended to be between the two 
bones, is less satisfactory than the method 
just described. It is possible to suture a 
portion of gastrocnemius over the tibia, but 
this is unnecessary. 

Artificial Limb. The bucket consists of willow- 
wood, duralumin, or leather reinforced by steel 
strips. Some makers insert a lining leather case 
which takes a bearing on the top of the bucket, to 
prevent the stump, especially if short, from slipping 
out. Pressure is taken by the head of the tibia and 
slightly by the lower border of the patella (fig. 

231 G). 

The bucket is joined to a leather thigh corset 
and shoulder braces. A popliteal check cord or 
accumulator is fitted to prevent hyperextension of fig. Mic.— Amncux. ui> c»ed for 

the knee. A jointed mechanism is used at the 4 “ r,;T * TI0 ' 3 - Tub tmon coa- 

trol Brcsrr is or sioixoio leather. 
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AMPUTATIONS IX THE REGION OF THE KNEE 

The three operations which are classical are termed : (1) Disarticula- 
tion of the knee joint (often called Stephen Smith’s) ; (2) Stokes-Gritti’s 
amputation ; and (3) Carden’s method. They were all designed to 
produce a weight-bearing stump. Artificial limbs made at the present 
time cannot be fitted to these stumps satisfactorily, and the patient 
profits by a shorter stump with weight-bearing on the tuber ischii. 
The operations arc rarely carried out, either in this country or in France 
and Germany. A report compiled from statistics from the latter two 
countries shows that there were 17 disarticulations at the knee joint 
to 307 amputations of the thigh. In this country probably still fewer 
disarticulations would be recorded. The disarticulation will be chosen 
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in T -r -t h to the diant:t«rr of the Lr-g at the level of bone section). A 
T-r-r h of tibia. 7 inches long from the knee joint, is measured and the 
point noted. The diumereroi the leg at this level is measured, and a 
hme anterior nap cut. measuring in length three-quarters of the 
diameter -tr.d in width hall the circumference of the limb, so that the 
lateral incisions are just behind vertical lin^s drawn upwards from 
the caEe oU. The transverse inchion over the calf joins the upper third 
of the anterior -kin dap (dg. 2315) . this should be carried down to the 



bones. The daps are cut so that the comers are rounded, and are 
rejected. 

(-) The muscle* in the front of the leg and interosseous membrane 
are divided. The periosteum of the tibia is divided and pushed up 
for half an inch. 

(3) The saw is applied obliquely to the tibia one-third of an inch 
above the level at which it is intended to divide the bone. When it 
has been cut half through, the saw is removed and a transverse cut 
made across the tibia, the wedge-shaped piece of bone falling out, so 
that the line of division of the tibia is an obtuse anule. The fibula is 
then divided 1 inch above the level at which the tibia was divided. 
This can be done by a strong piir of bone-cutting forceps of the 
laminectomy type, care being taken that the bone is not splintered. 

(4) The result are ligated, including the saphenous veins. Some 
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small vessels in the calf muscles require attention. It is very important 
to deal efficiently with the anterior and posterior tibial and the musculo- 
cutaneous nerves. 

(o) The flaps are sutured, and should fit neatly. If they have been 
cut too long, so that they are loose over 
the ends of the bone, one flap should be 
shortened. A drainage-tube should be inserted 
across the stump. The scar will be placed 
on the posterior aspect of the limb. The knee 
joint should be kept extended during the 
convalescence. 

The use of lateral flaps, producing a scar 
which is intended to be between the two 
bones, is less satisfactory than the method 
just described. It is possible to suture a 
portion of gastrocnemius over the tibia, but 
this is unnecessary. 

Artificial Limb. The bucket consists of willow- 
wood, duralumin, or leather reinforced by steel 
strips. Some makers insert a lining leather case 
which takes a bearing on the top of the bucket, to 
prevent the stump, especially if short, from slipping 
out. Pressure is taken by the head of the tibia and 
slightly by the lower border of the patella (fig. 

231G). 

The bucket is joined to a leather thigh corset 
and shoulder braces. A popliteal check cord or 
accumulator is fitted to prevent hyperextension of 2310.— Aituiculuxb rseo roe 

the knee. A jointed mechanism is used at the L “ ixruTAT '°' 3 - T,,E TUIO “ co ' c 
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AMPUTATIONS IN THE REGION OF THE KNEE 

The three operations which are classical are termed : ( 1 ) Disarticula- 
tion of the knee joint (often called Stephen Smith's) ; (2) Stokes-Gritti’s 
amputation ; and (3) Carden's method. They were all designed to 
produce a weight-bearing stump. Artificial limbs made at the present 
time cannot be fitted to these stumps satisfactorily, and the patient 
profits by a shorter stump with weight-bearing on the tuber ischii. 
The operations are rarely carried out, either in this country or in France 
and Germany. A report compiled from statistics from the latter two 
countries shows that there were 17 disarticulations at the knee joint 
to 307 amputations of the thigh. In this country probably still fewer 
disarticulations would be recorded. The disarticulation Mill be chosen 
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by a few surgeons in feeble elderly subjects, as a life-saving measure 
in cases of gangrene, in some cases of gunshot wound of the leg as a 
primary operation, and in a few patients who, owing to congenital 
abnormality or previous injury, have been accustomed to weight- 
bearing on a flexed knee. 

AMPUTATION THROUGH THE THIGH 
The operation of choice is by an anterior flap with division of the 
femour 2i inches above the level of the knee joint (fig. 2317). It is 
frequently employed in cases of injury, 
gangrene of the foot and leg, tuberculous 
disease of the knBe joint, and sarcoma of 
the leg. 

(1) The shin flap is equal in width to 
the diameter, and in length to two-thirds 
of the diameter of the limb (see fig. 2317). 
This is quite sufficient as the skin stretches 
easily in this region. This flap is reflected, 
and the rectus tendon and quadriceps 
muscle are divided above the patella and 
similarly reflected. The posterior incision 
is then made transversely across the 
popliteal space, joining the two ends of 
the base of the flap. The hamstring 
muscles are divided in the same line. The 
remaining muscles, vessels and nerves 
are picked up with artery forceps and 
divided. 

Fig 2317.— Tn* lower lce kmmtw ( 2) A muscle retractor is placed over 
Steps es Smith’s DuxuTicrunoT op the muscle. The penosteiun is cut cleanly 
the the nriK uses isd, C ste aiM j pressed upwards, and the femur is 

The isosionj fob smitosinjE -out- 1 ' 

TATios. the use op bosk sectios sawn tlirough, inches above the knee 

ACROSS THE PETITE Is IXDICATED. • • , 

joint. 

(3) The vessels, including the internal saphenous vein, are ligated. 
The two popliteal and the long saphenous nerves should be identified 
and dealt with. 

(4) The hamstring muscles are now sutured to the quadriceps, the 
stitches passing tlirough the muscular sheath as well as the muscle, 
so that a good covering for the bone is formed. Care should be taken 
that the bone is iu the centre of the muscular tissue, which has a 
tendency to slide sideways. 
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The skin flap is sutured and a drainage-tube inserted. The scar 
will lie posteriorly. 

Note 1. This amputation may be performed after circular, elliptical, equal or 
unequal lateral or antero-posterior skin flaps. 

Note 2. If this operation is performed for tuberculous disease of the knee 
joint, care must be taken to avoid infecting the wound. The suprapatellar pouch 
and any other infected area should be dissected out at as early a stage of the 
operation as possible, and clean instruments should then be employed. 

Note 3. During convalescence this stump must not be allowed to become 
flexed at the hip joint. 

Mid-thigh amputation. As much length of bone as possible should 
be preserved. If the foregoing amputation cannot be carried out. 




a useful stump can be obtained with the bone divided at a higher level. 
Muscle retraction hardly ever occurs in amputation above the middle of 
the thigh. Preventive treatment of spurs is advisable (see page 4273). 

Artificial appliance, A pylon should be worn before the stump is ready for 
the permanent appliance, which consists of a bucket of wood or light metal, 
attached by side steels to the leg and foot-piece (fig. 2318). There arc joints at 
the knee, which allow a definite range of movement, anil here is an clastic or cord 
appliance to prevent hyperextension of the knee. The foot mechanism allows 
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a ro cking mot ement and in most limbs allows movement at the level of the ankle 
joint and behind the toes The weight of the body is transmitted from the tuber 
ischii to a small rounded platform at the top of the bucket (see fig. 2319). It is 
essential for the patient to learn to sit on this platform. 


DISARTICULATION OF THE HIP JOINT 


This operation is employed in cases of tumours and extensive 
necrosis of the femur, and rarely in severe injuries of the thigh and in 
some cases of tuberculosis of the hip joint with secondary infection, 
also in the case of a limb completely flail from anterior poliomyelitis. 

Although haemorrhage and shock are reputed to be serious and 


immediate dangers, this should 



ftj 2330 — Ox TUB SIGHT THIGH IX SHOTTX Till 
EACUT ISCISIOS EWLOriU IXlB DISLiBUCTHlIOT 
XT TBX HI r JOIST. OS THE LUT, THE TOSTEEIOB 


t be the case if the patient is prepared 
for the operation and if the technique 
for haemostasis is efficient. If the 
patient is in a poor state of health, 
blood or saline transfusion should be 
employed prior to the operation, and 
vessels should be clamped before 
they are divided. 

The “ stump ” consists of the 
pelvis covered by skin and sub- 
cutaneous tissue, or, exceptionally, 
the head of the femur (or more) is left 
in the acetabulum. As the artificial 
appliance will not fit over a flabby 
mass of muscle and loose skin, redun- 
dant tissue should be trimmed away. 

The operations usually employed 
are : 


HIT UD 15IDH01 DdSlO J U« BITICTtO Ij ISI (,» /fir . • T . l! T 

Fm^rwcE keu^ cisiETicn^Tiox. (* ) Inc anterior racket met/toa, 

which is the easier operation; and 
(2) Disarticulation by a posterior Jlap ( Fitzmaurice Kelly). For 
either operation the patient is seated on a sand-bag 3 inches deep at 
the end of the operating table, and the opposite Limb is drawn away. 
The skin over the loner abdomen, pubes and perineum is included in 
the preparation for the operation. 

Anterior racket method. This is suitable for amputation with 
division of the femur high up or for disarticulation. 

(a) Skin incision (see fig. 2320— right thigh). The incision starts 
over the vessels at the level of Poupart’s ligament and is carried down 
in the fine of the vessels for 4 inches. It then passes obliquely round 
the inner side of the thigh, crossing the adductor muscles 4 inches - 
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below the perineum. The femoral vessels are exposed, ligated separ- 
ately, and divided between ligatures. The skin incision is then con- 
tinued across the back of the thigh and over the great trochanter to 
join the original incision. 

(b) Muscles on the front of the thigh are divided and the joint 
capsule opened in front. The other muscles are divided, vessels being 
clamped before division whenever possible. After division of the 


posterior part of the capsule, the limb is 
removed. 

(c) The nerves are dealt with as 
described previously. 

(d) Trimming of the flaps may be 
necessary ; the wound is sutured and 
drained at the outer corner of the wound. 

Posterior fia]) method, (a) Skin incision 
(see fig. 2320 — left thigh). An incision is 
made obliquely across the front of the 
thigh, parallel to Poupart’s ligament, from 
outside the anterior superior iliac spine 
inwards. The vessels and anterior crural 
nerve are isolated and divided between 
ligatures. A posterior flap is marked out, 
so that when brought forward the stump 
will be covered without tension. It is a 
semicircular flap, in length as great as the 
diameter of the top of the limb from before 
backwards. It is dissected up as far as the 
sciatic notch. 

(6) The muscles are divided close to the 
pelvis, at first in front and then medially 
and laterally, leaving the posterior muscles 
until last, the vessels being clamped prior 
to division. 

(c) The femur is disarticulated after 
division of the capsule. 

(d) The flaps are trimmed so that the 
posterior flap fits snugly over the bony 
prominence, and the suture line is parallel 
to Poupart’s ligament. The drainage-tube 
is placed at the inner end of the wound 
or 2 inches from this point. 
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Artificial liinb. This consists of a “ tilting tabic ” limb fitting to the tuber 
iscbii and to tbe outer surface of the pelvis (see fig. 2321). It should bo made to fit 
closely, both in tbo walking and the sitting positions. This “ tilting table ” i3 fixed 
to a thigh piece, between which is a hinge which the patient can unlock when he 
sits down. The leg and foot are mainly similar to those in other lower limb 
appliances. Pelvic bands and shoulder braces arc necessary. 

HIND-QUARTER (INTERINNOMINO-ABDOMINAL) AMPUTATION 

This operation is known to have been performed in seventy-nine 
cases with a mortality of 59 per cent. It has generally been performed 
for tumours of the innominate bone and the upper portion of the femur. 
Gordon-Taylor and Wiles state that “ the important points in the con- 
duct of the operation are: (1) The most gentle care in turning the 
patient ; the danger from rough or excessive movement of the patient 
under spinal aucesthesia cannot be exaggerated. (2) The most thorough 
organisation of blood-transfusion arrangements. (3) Division of the 
posterior portion of the dorsum ilii with the saw is more expeditious 
and simple than disarticulation of the bone at the sacro-iliac synchon- 
drosis ; it is easy subsequently to oblate the auricular portion of the 
ilium. (4) It is necessary to stress the importance of minimising 
hemorrhage and shock by preliminary control of vessels before divi- 
sion, and of nerve blocking before section of the trunks.” 

These writers’ description of the operation should be carefully 
studied by anyone contemplating this colossal operation. (Gordon- 
Taylor and Wiles, British Journal of Surgery , 1935, XXII, 88.) 

The Upper Extremity 
AMPUTATION OF THE FINGERS 

This operation is usually required in cases of injury or subsequent 
to infection. The general rule is that amputation should be delayed 
as long as possible In considering removal of the fingers, it is useful 
to realise that the question of amputation arises : (a) Immediately 
after injury : (6) during the acute stage of infection in a finger ; and 
(c) when the results of injury or infection remain. 

(«) Immediately after injury, it often appears that laceration of 
skin, division of tendons, and fracture of phalanges are so extensive that 
a useful finger cannot be obtained. Immediate amputation just above 
the level of the proximal fracture will be the correct treatment if suffi- 
cient skin is available. This will be successful if the wound heals by 
primary union, as is likely if tho operation is carried out within a few 
hours of the injury. If an attempt is made to save the part, infection 
may supervene, so that it may be difficult to decide when to amputate, 
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and this may have to he done at a higher level. However, if no surgical 
treatment, such as efficient cleansing of the part, is carried out for 
twenty-four hours, a primary amputation is likely to be followed by 
an infected stump. Consequently, if this delay has occurred, it is advis- 
able to take all steps to prevent spread of infection and to amputate 
at a later date. 

(6) It is unwise and rarely necessary to amputate a finger' while a 
thecal whitlow is acute or when a sequestrum from a phalanx is present, 
surrounded by infected granulation tissue. 1 n such cases, except when sep- 
ticaemia has arisen, treatment should be directed towards saving the finger. 

(c) This group comprises the end-results of groups a and b. The 
amputation is in the nature of a “ set operation ” and is earned 
out preferably when there is no sinus 
or unhealed scar. Amputation is re- 
commended in these cases, owing to a 
portion or the whole of the finger being 
useless and often preventing other fingers 
from carrying out their full function. 

( 1 ) Amputation at the terminal 
phalanx. The tip of the finger is held in 
the left hand and the terminal phalanx 
is fully flexed. "With a small scalpel a 
transverse incision is made across the 
dorsum of the finger a quarter of an inch 
distal to the last bend of the finger (fig. 

2322). This passes through skin and extensor tendon and enters the 
joint. The lateral ligaments are divided, and the scalpel is then turned 
so that the cutting edge is towards the end of the finger. The incision 
is then carried on to make sufficient palmar flap, and the amputated 
portion is removed. The palmar flap is stitched back so that the scar 
is on the dorsum. The bleeding will generally cease without the 
application of any ligatures. 

(2) Amputation through the second or first phalanx , or at the first 
interphalangeal joint, is carried out by' a palmar or equal lateral flaps. 
Amputation through the proximal end of the second phalanx is not 
advisable. The digital vessels require ligation, and it is most important 
to search for the digital nerves, pull them down, and crush and ligate 
each in turn, as a small neurofibroma, particularly when attached to the 
scar, is likely to be painful. The skin flaps are the only covering neces- 
sary, suture of the tendons being of no functional value, since the first 
phalanx is flexed by the interossei muscles. 
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(3) Disarticulation at the metacarpophalangeal joint. Whatever 
skin flaps are cut, these should be sufficiently large to allow' full range 
of abduction of the neighbouring fingers. Although flaps can be 
formed from any surface, the surgeon should aim at avoiding any scar 
on the palmar aspect. The middle and ring fingers are most easily 
removed by a racket incision. This is marked out first (fig. 2323). 
The extensor tendon is divided and the joint opened on the dorsum. 
The knife is kept close to the bone whilst separating the phalanx from 
the metacarpal head, and the palmar structures are divided. The 
digital vessels aud nerves are then picked up and dealt with. 
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The flaps for the index and little fingers should be cut so that the 
scar is protected This is carried out in the case of the index finger by 
using a flap cut from the thumb side, and the incision on the other side 
of the finger extends right down to the web (see fig. 2323). For the little 
finger the larger flap is cut from the ulnar aspect of the finger. 

Discussion arises concerning the advisability of removing the 
head of the metacarpal bone, instead of disarticulating through the 
inetacarpo-phalangeal joint. A stronger hand remains if the metacarpal 
head is left in place, and a glove with dummy fiuger fits better. If the 
head of the metacarpal bone of the ring or middle finger is removed, 
the appearance of the hand is less unsightly, as the fingers will fall 



ORTHOPAEDICS 4291 

together, but strength of the hand will be sacrificed for the sake of this 
improved appearance. The appearance of the stumps of the index 
and little fingers will be improved by cutting off the part of the 
head obliquely, and this weakens the hand less than complete removal 
of the head. The radial half is removed obliquely in the index finger 
and the ulnar half in the little finger. 

(4) Amputation of a finger ivith the metacarpal bone. This operation 
is seldom required, except in cases of injury to bone and tendons, when 
the amputation is usually not limited to one digit. The surgeon has 
to use his discretion as to the level of amputation, possibly through 
two or more metacarpal bones. This is the type of case when delay in 
the amputation is desirable if possible. 

The amputation is often carried out as a practical exercise. 

An incision is made over the whole length of the metacarpal bone 
and carried round the base of the finger just distal to the web. The 
periosteum of the bone is incised and the bone cut through its shaft 
just distal to the base. The bone is thereby removed subperiosteally, 
so that there is no interference with the muscular attachments. 

AMPUTATION- OF THE THUMB 

This is required in cases of injury and, rarely, of disease. It is not 
carried out as a set operation, for any operative procedure is performed 
with the object of preserving all possible tissue. Stiffness of the joint 
is so small an incapacity compared with the loss of any tissue of the 
thumb that it need hardly be considered if the surgeon contemplates 
amputating a portion of the thumb. When the thumb has to be 
trimmed after injury, an attempt should be made to make scars on the 
dorsum. If there is not sufficient skin to cover the injured area, this is no 
indication to amputate, as the area can be grafted with skin at a later 
date. When it is necessary to remove bone, this should be done sub- 
periosteally. If the attachments of the short thumb muscles are injured, 
these should be sutured to the neck of the metacarpal, or if the terminal 
phalanx has to be removed, they should be fixed over the head of the 
metacarpal bone. 

DISARTICULATION AT THE WRIST JOINT 

This operation is rarely employed, for injuries of the hand either 
enable the surgeon to preserve a portion of the hand, or else injure the 
wrist as well so that amputation at a higher level is necessary. It is 
seldom called for in tuberculous or septic disease or in tumours of the 
hand. The advantage of disarticulation at the wrist over amputation 
at a higher level is that pronation and supination are still possible. 
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(1) Skin incision. The choice lies between a palmar flap and a 
circular incision 1 to li inches below the styloid process of the radius. 
In injury the flaps may have to be cut in an irregular way owing to sldu 
laceration. The palmar flap consists of a rectangular flap with two 
rounded corners. It begins just below the styloid process of the radius 
and is carried over the ball of the thumb in the direction of the index 
finger. At the level of the outstretched thumb, the knife is carried 
across the palm at right angles. When it conies opposite the space 
between the ring and little fingers, it is carried upwards towards the 
styloid process of the ulna, stopping short of this by i-inch. This flap 
is dissected up so as to include the muscles of the thenar and hypothenar 
eminences, the palmaris longus, the terminal branches of the ulnar 
artery and nerve, and the pisiform bone if this is healthy. The posterior 
incision, which is carried across the dorsum of the wrist so as to join 
the base of the palmar flap, is made down to the bones. 

(2) Disarticulation. The ligaments are divided on the dorsum and 
the carpus disarticulated from the radius and ulna. 

(3) Soft parts. The flexor tendons are divided, as arc also the 
anterior ligaments. The radial, ulnar and terminal branches of the 
interosseous arteries are ligated, and the median, ulnar and radial 
nerves are secured and dealt with. The styloid processes are cut flush 
with the articular surfaces of the radius and ulna. The tendons are 
further cut short if necessary, but some surgeons consider that better 
function is obtained by suturing flexor to extensor tendons over the 
ends of the bone. Drainage is advisable after skin suture. 

AMPUTATION THROUGH THE FOREARM 

This is required after severe injuries and for advanced tuberculosis 
or infection of the hand. The longer the stump, the better control will 
the patient have of the artificial appliance. Every effort should be 
made to perform the bone section below the insertion of the pronator 
radii teres, as ability to pronate and supinate is advantageous. If the 
amputation has to he done at a higher level, 3 inches of ulna are 
necessary in a forearm stump in order to control the bucket ; for 
although the latter may sit well to a short stump with the elbow 
extended, it is too tight when the joint is flexed, owing to the bulk of 
the muscles in the front of the elbow on flexion. 

The skin flaps often have to be fashioned from such skin as is avail- 
able. As a terminal scar is as satisfactory as any, it is of little import- 
ance whether the skin is cut by the circular, antero-posterior or lateral 
method. The flaps should be short, as the sldu stretches readily. To 
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carry out the amputation, the limb is abducted from the thumb and the 
forearm supinated. After reflection of the skin by one of the flap 
methods indicated, the muscles are divided transversely. The peri- 
osteum is divided neatly and pushed upwards prior to division of the 
radius, which is cut through first. The vessels and nerves are then dealt 
with. The muscles are sutured over the ends of the bone and between the 
two bones, because free stripping of the periosteum and this muscular 
strip between the bones should prevent bony ankylosis between the ends 
of the radius and ulna. This is the usual sequence if no effort is made 
to prevent it. Fusion of the bones abolishes pronation and supination. 
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DISARTICCLATIOX AT THE ELBOW JOIST 
This operation is not often performed, because in most cases, 
when it is indicated, sufficient skin is not available, and amputation 
through the lower part of the arm is chosen instead. It is indicated in 
extensive injuries of the forearm, when the upper three inches of the ulna 
cannot be preserved, or when there is insufficient skin available to cover 
that length of radius and ulna. It is inadvisable to employ disarticula- 
tion of the elbow for malignant growths in any part of the forearm 
because the whole length of the forearm muscles should be removed, 
and this necessitates amputation above their origin from the humerus. 
The shape of the stump produced after disarticulation is broad from 
side to side and flat from before backwards, owing to the shape of the 
lower end of the humerus. At first sight this odd shape appears difficult 
to fit with an artificial appliance, but it is found that it has a considerable 
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advantage over the round stump of low arm amputations in that 
prominence of the condyles prevents rotation of the artificial limb 
on the stump. 

(1) Skin flaps. These depend on the skin available, and the surgeon 
should aim at making use of one of the three recognised methods of 
cutting flaps. The limb should be extended and supinated when the 
skin is marked out. 

(а) Circular, in which the skin flap runs slightly obliquely, being 
three finger-breadths below the joint line on the radial side, and two 
on the ulnar. When cut in the circular manner, the skin will retract 
more on the radial side. 

(б) Elliptical, in which the anterior part of the ellipse corresponds 
to the fold in front of the elbow, while posteriorly it crosses the ulna a 
hand’s breadth below the joint. 

(c) By flaps, preferably a posterior flap. This consists of a semi- 
circular flap from epicondyle to epicondyle, the length of flap as 
measured from the tip of the olecranon being equal to the antero- 
posterior diameter of the upper end of the forearm. It is cut with the 
elbow flexed to a right angle. The anterior incision joins the epicondyle 
across the fold of the elbow, and is made with the arm extended (sec 
fig. 2324). 

(2) Soft tissues are divided down to the joint across the front of 
the elbow. 

(3) The disarticulation is begun on the outer side, by dividing the 
ligaments and entering the joint between the cupitellum and the head 
of the radius. When the coronoid process of the ulna is free from the 
humerus, the forearm is hyperextended and the posterior ligaments and 
attachment of the triceps are divided from the front. 

(4) Vessels and nerves. Superficial veins, and the brachial, terminal 
branches of the superior and inferior profunda, and anastomotic arteries 
require ligation. The median, ulnar and musculo-spiral nerves require 
shortening, crushing and ligation. The musculo-cutaneous and internal 
cutaneous nerves should be dissected out and dealt with in a similar 
manner. 

Drainage of the wound is advisable. 

AMPUTATION THROUGH THE ABM 

This amputation is easier to perform than many, as there is one bone 
in the centre and muscles are arranged compactly around it. It is 
indicated in cases of severe injury, neoplasm, and septic and tuberculous 
arthritis of the elbow joint. 
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The longer the stump, the greater the control of the artificial limb. 
A stump at the level of the axillary fold cannot control an appliance. 
Owing to the elasticity of the skin, this will pull down readily, and 4A- 
inches of humerus, with the end covered with skin only, is of much 
greater value than 3 inches well covered with muscle and skin. It is 
usually possible to cover the end of the bone when this is divided at 
the same level as the skin. 

The limb is abducted to a right angle. For amputations in the lower 
third of the arm a tourniquet is applied ; above that level, an assistant 
can compress the subclavian artery, but the method of choice is to 
dissect out the large veins when cutting the sldn flaps and then to 
expose the brachial artery and ligate it, the other vessels being 
picked up as they are exposed. Alternatively, all the soft tissues are 
divided quickly with one incision and the vessels immediately picked 
up. 

The method of cutting the skin is usually circular, but flaps or an 
ellipse are equally suitable. 

Artificial Hands and Arms 

After amputations of the hand, an artificial hand made of wood or leather is 
used, covered with a glove. The appearance of this is usually the first thought 
of the patient, but he should be encouraged to use various appliances which can 
be fixed to the end of the bucket in place of the hand. A knife, fork, hook and 
tools are of greater value than articulated fingers. After amputations at a higher 
level, a corset is fitted to the upper arm, and a hinge is placed at the elbow if the 
patient can control this joint, or an artificial locking elbow after amputation at 
the joint or above. A metal or leather forearm bucket is used for the forearm. 
A shoulder cap and chest belt extending round the opposite axilla are necessary 
in amputation above the elbow. Careful arrangement of straps from the shoulder 
cap to the arm bucket or corset aids the movement at the shoulder. 

DISARTICULATION AT THE SHOULDER JOINT 

This operation is seldom required except for severe injuries of the 
arm when the upper end of the humerus is fragmented. In malignant 
disease of the humerus, it may be employed if the intention of the 
surgeon is to rid the patient of a growth which has uleerated, or is about 
to do so, through the skin. The forequarter amputation is likely to bo 
the operation of choice in sarcoma of the humerus, hut this may be 
contra-indicated by tile patient’s general condition. Disarticulation at 
the shoulder may be modified by dividing the humerus at the anatomical 
nock and leaving the head in the glenoid, thus preventing the extreme 
flattening of the shoulder. 

The operation of choice is a modification of Spence’s, which enables 
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the operator to limit the haemorrhage. The arm is abducted 45 degrees 

from the trunk and externally rotated. 

(1) Skin finp. The coracoid process is located and the incision 
made from this point downwards in the long axis of the arm to the 
lower border of the anterior axillary fold. It then passes outwards 
over the deltoid and round the arm to the posterior axillary fold. It is 
continued forwards and upwards to join the vertical incision (fig. 2325). 

The flap on the inner side is dissected up, and the pectoralis major 
divided. In cases of injury, this is cut close to the humerus, but in 
malignant disease, as far away as possible. 

(2) Vessels and nerves. The axillary artery and vein are clamped at 
the level of the shoulder joint and divided between ligatures. The 
nerves of the brachial plexus are clamped, pulled down, reclamped, and 
ligated before division. 

(3) Disarticulation. The external flap is dissected up and retracted 
with the greater part of the deltoid muscle adherent to the flap, except 
in cases of malignant disease. 

Both heads of the biceps are divided and the joint opened in front. 
The knife is then applied to the humerus, so as to divide the muscles 
attached to the tuberosities and neck. The posterior portion of the 
capsule is divided and the limb is removed. A number of bleeding 
points will then require attention. The wound is closed and drained. 

Note The tendency is to cut the flaps too long, so that the axillary scar is 
redundant and the folds of skin tend to cause trouble. Hence, if there appears 
to be excess of skin, this should be trimmed before closing the wound. 

FOREQU.VRTER (INTERSCAPULO-THORSCIC) AJIPUTATIOX 

This extensive operation (fig. 2325) is usually performed iu cases of 
sarcoma of the upper enci of the humerus, whether the shoulder joint 
is involved or not. It is rarely used for injury, acute gangrene, or 
infective conditions of the upper limb. The amputation is usually 
carried out as originally described by Berger in 1887. This involves 
the removal of the upper limb, scapula, and part of the clavicle, with 
division of the muscles close to the latter two bones. Pre-operative 
transfusion of blood may be advisable. 

(1) Position of the patient . The patient lies on his back with the 
shoulder of the affected side overhanging the side of the table. A 
second assistant holds the upper limb. The position may be kept con- 
stant by placing a sand-bag under the unaffected shoulder. 

(“) Exposure of main vessels. An incision is made commencing over 
the sterao-clavicular joint and extending along the upper border of the 
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inner two-thirds of the clavicle. The clavicle is cleared of muscle and 
periosteum, so that it can. be divided, preferably with a Gigli or 2-inch 
bladed saw, at the junction of the middle and inner thirds. The outer 
portion of the bone is then drawn outwards and upwards and the sub- 
clavius muscle and fascia carefully divided so as to expose the subclavian 
vessels and bracbial plexus. In order to have greater space some sur- 
geons prefer to resect the middle third of the clavicle, dividing the bone 
at the inner point first and then stripping the posterior surface before 
dividing the junction of the middle and outer tliirds. 



(3) Division of vessels ami nerves. Each trunk of the plexus is 
injected with 1 per cent novocaiiie, crushed just distal to the swelling 
caused by the injection, ligated, and divided with a sharp scalpel. 
The subclavian artery and vein are divided between ligatures at the 
level of the first rib. The suprascapular and posterior scapular arteries 
are ligated as they pass laterally in front of the scalene muscles. 

(4) The anterior dissection. The arm is abducted almost to a right 
angle with the trunk. The outer end of the skin incision is continued 
by carrying it over the coracoid process downwards and outwards across 
the anterior axillary fold. It then passes backwards across the axilla 
and down the chest wall to the inferior angle of the scapula. This flap 
is dissected inwards. The pectoralis major is dissected up and divided 
close to the thorax, the vessels being picked up before division. The 
axilla and lateral chest wall are dissected downwards, stripping the 
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which might be ruptured. The majority of surgeons consider that in 
patients over the age of fifty a tourniquet should not be employed. 
When a tourniquet is used, the question will arise as to when it should be 
removed. The usual custom is to remove it as the dressing is being 
applied. Such dressing should include a considerable quantity of good 
quality wool and should be bandaged firmly. If the surgeon wishes to 
remove the tourniquet before closing the wound, it is essential that he 
should ligature a large number of small vessels before closing the wound 
and applving the dressing. The method of retaining the tourniquet 
until the dressing has been applied is more popular at the present time. 
Undoubtedly it is to the patient's advantage that there should be no 
hiematoma either into a reconstructed joint or subcutaneously, par- 
ticularly as a ha?matoma encourages infection and subsequent anky- 
losis ; but post -operative hrematoma will occur in a proportion of 
cases operated on under a tourniquet. These operations can be carried 
out with so much greater precision in a bloodless field that the tourni- 
quet is advised, and every effort should be made to avoid post-operative 
hiematoma, by picking up all vessels before division as the operation 
proceeds, by ligating them, and by firmly applying an adequate quantity 
of wool in the dressing, while the limb is held elevated. Injury to the 
nerves of the arm by a tourniquet is avoidable by the use of the pneu- 
matic type of apparatus. The length of time that a tourniquet can be 
left in place is a constant worry to the operator. It is impossible to be 
dogmatic as to how long it is safe to keep pressure on the vessels and 
maintain a bloodless limb. Further, no general rule can be made 
on the matter. Obviously it is impossible to state that a tourniquet 
should be used for one operation and not for another, as the speed of 
each operator varies greatly. The removal of a tourniquet during 
an operation is most unsatisfactory as this usually causes displacement 
of towels, the liability of soiling the operation area, and a considerable 
flow of blood into the wound. Hence, if it is known that an operation 
will be a long one, it is better to start without a tourniquet ; should au 
operation be started under a tourniquet and occupy a longer time than 
anticipated, it will be safer to remove the tourniquet, in spite of the 
disadvantages, than to risk the very serious consequences that may 
occur if this is not doue. 

The incision for the operation on any joint should be planned so 
that an adequate exposure of the joint can be obtained and so tliat it 
can be enlarged if necessary. It should be so placed as to afford ready 
exposure of the intermuscular planes or of the space betw een tendous. 
Obviously, vessels and nerves are to be avoided. If an incision has to 
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be made near the course of a nerve, it is advisable to expose the nerve 
along a sufficient length of its course to render it visible if necessary 
during the operation. When this has been carried out, the assistant is 
told that he must keep a constant watch on it and retract it with care, 
so as not to bruise it. 

When the operation aims at fixation of a joint, the care of muscles 
and tendons is not of the same importance as when the object is to 
improve movement. In all operations, division of muscle is likely to 
cause bleeding and should therefore be avoided. Whenever possible 
the approach to the joint should be in intermuscular planes. When 
insufficient exposure of the joint is obtained by such a route, it may be 
necessary to separate the origin or insertion of muscles. It is usually 
advantageous to remove them from the bone with a thin osteotome, so 
that a thin flake of bone is left attached to the muscle or tendon 
(e.g. an epicondyle of the humerus). Thisfacilitatesrepositionand injures 
the muscle less, so that the muscle functions sooner and more efficiently. 
The capsule of the joint should be opened in the long axis of the limb, 
and usually closely in front of or behind a lateral ligament. If it is 
necessary to remove the attachment of the capsule completely from 
one bone, this is best done with a broad periosteal elevator, after the 
joint has been opened (e.g. anterior attachment of the capsule of the 
elbow joint from the humerus). The capsule should not be divided 
transversely. 

ARTHROTOMY 

Arthrotomy, indicating the opening of a joint, is a term little used, 
although the operation is so frequently carried out. The name of the 
type of operation or of its purpose is more often employed. 

The indications for arthrotomy are : 

(1) In infective conditions : (a) for diagnostic purposes ; and (b) for 
drainage. 

(2) For removal of foreign and loose bodies from a joint. 

(3) Following trauma : (a) fractures into joints ; (6) unreduced dis- 
locations and fracture-dislocations ; and (c) mobilising a stiff joint. 

(4) In disease of the articular cartilage and of the ends of bones. 

The skin incision should be placed over the area where the capsule 

of the joint is most superficial. Longitudinal incisions should be 
employed. The incision should be as small as possible, as a scar in 
synovial membrane and capsule tends to prolonged effusion. In closing 
wounds of joints, accurate suture of synovial membrane, with the edges 
turned out, is advised. Drainage-tubes should not be placed in the 
joint. Firm bandaging over an ample quantity of wool is necessary. 
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EXCISION 

The classic operation consists in opening a joint, resecting the 
articular ends of the bone, and removing the capsule and synovial mem- 
brane, this being followed by closure of the wound. In most cases 
the operation has been carried out to remove disease and provide 
a movable joint. A “ text-book description ” for excision of most 
joints of the body exists, but the operations so described are seldom 
suitable for clinical conditions, owing to the irregularity of the spread of 
the disease or to deformity from injury. Often removal of a part of a 
joint will produce an equally efficient result. Some excisions are followed 
by an ankylosis (e.g. of the knee) which is advantageous, whereas 
others produce flail joints. This type of operation is not considered at 
the present time suitable or necessary for tuberculous disease. In the 
case of post-traumatic lesions, types of arthroplasty now replace most 
of the formal excisions. Excision of the elbow joint is recognised as a 
useful operation. Excision should not be practised as an emergency 
operation after accidents involving joints. 

ARTHRODESIS 

Arthrodesis is an operation performed to produce fixation of a 
joint — that is, ankylosis. The latter may he fibrous or bony. Fibrous 
ankylosis is usually painful and the position of fixation liable to alter. 
Hence, any operation of the arthrodesis type should be planned to 
produce bony ankylosis and to put the joint in the best position for 
function. 

There are two methods of performing arthrodesis which are called 
infra- and extra-articular arthrodesis ; sometimes the two are com- 
bined. The first method consists in removal of joint tissue until two 
bouy surfaces can be placed in apposition so that bony union will 
occur. In the simplest cases this will necessitate removing the articular 
cartilage from the ends of the bones ; whereas in more complicated 
cases it may be advisable to remove synovial membrane, articular 
cartilage, and areas of diseased bone. Sometimes the bony surfaces will 
be kept in contact by the use of pegs of bone, screws or nails, or the 
inlay of a bone graft taken from another area of the body. 

Extra-articular arthrodesis consists in the fixation of the joint by 
bone without opening the joint. It is carried out by the use of a bone 
graft obtained from the neighbourhood of the joint or from another 
part of the body. For instance, a graft from ilium or tibia may be 
employed to fix the hip joint, the graft uniting the great trochanter to 
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the ilium. Arthrodesis of a number of joints at the same time is 
employed in the foot for flail foot. 

Joint fixation by fascial transplantation or transposition of tendons 
is seldom satisfactory ; likewise, there are few advocates of such 
methods as the driving of pegs, pins or screws through the articular 
surfaces of two bones from without, as a means of producing ankylosis 
of the joint without exposing the joint. 

The principal indications for arthrodesis are : (1) Cases of flail joint 
due to muscular paralysis or deficiency sufficient to limit a useful 
function of the joint; (2) certain cases of tuberculosis of joints: 
(3) cases of infective or toxic arthritis, including oateo-arthritis 
particularly when the joint is quiescent and there is a fibrous aud painful 
ankylosis ; and (4) subsequent to trauma when a fracture or fracture- 
dislocation has produced a painful joint. 

The indications for this operation are referred to in greater detail 
subsequently, when discussing particular joints. 

Before considering the merits of intra- and extra-articular arthro- 
desis, it is advisable to stress the importance of a joint beinrr 
ankylosed in what is popularly termed “ the best position'’ This is not 
only the position in which the joint is placed when it is arthrodesed bv 
operation, but is the position which should be aimed at whenever the 
joint is treated. When treatment is being carried out for a joint 
lesion, of a type such as may lead to ankylosis, it is advisable to pla c<j 
the limb in such a position that, should ankylosis occur, the limb will 
be in the most useful position for function. 

(а) Shoulder joint ; in children— 90 degrees abduction ; in adults 
—75 degrees abduction. In both cases, the elbow should be 30 degree* 
in front of the body plane, i.e. a line drawn through the middle of the 
body from shoulder tip to shoulder tip. 

(б) Elbow joint ; the forearm should be flexed 90 degrees on the 
arm and midway between supination and pronation. On the rare 
occasions when both elbows are ankylosed, the most useful position i* 
for the right to be flexed at about 100 degrees and the left at about 
75 degrees. 

(c) ]Vrisl joint ; dorsiflexed to 45 degrees. 

(d) Fingers ; the terminal interphalangeal joint at 150 degrees 

i.e. 30 degrees from fully extended. ’ 

(c) Hip joint; flexion to not more than 30 degrees, abduction 
20 degrees, and slight external rotation. 

(f) Knee joint ; fully extended witli the foot square. 

(g) Ankle joint; the foot should be placed at a right angle to the W 
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(A) Foot ; when multiple arthrodeses are carried out, the foot 
should be displaced backwards below the astragalus. 

(i) 1 liter phala ngeal joints of toes should be fixed extended or slightly 
flexed. 

From the remarks on the indications for arthrodesis and from 
studying the suitable positions in which to fix joints, it will be realised 
that every arthrodesis is carried out to fix the joint in a correct position. 
Whereas some types of arthrodesis are performed to help to cure 
disease, or a painful condition of a joint, others aim at correcting deform- 
ity. These may be combined. It is essential to consider the merits of 
ultra- and extra-articular arthrodesis and to judge when either is a 
suitable operation. 

By intra-articular arthrodesis , it may be possible to eradicate all 
disease (tubercle of the knee joint) ; to remove the articular cartilage 
to ensure bony union (shoulder in muscular paralysis) ; to convert 
fibrous into bony ankylosis (ankle joint) ; and to correct deformity 
and eradicate articular changes (osteo-arthritis of the hip joint with 
deformity). Shortening of the limb follows this procedure ; it will he no 
disadvantage in the upper limb, and usually not in the lower limb, except 
when carried out in children so as to interrupt the growth of the bone. 
In some joints it is impossible to eradicate all the disease while per- 
forming the operation, so that the disease is likely to continue, often 
more severely than before operation was undertaken. This applies 
particularly to the hip. Likewise, if intra-articular arthrodesis is 
carried out when the disease is thought to be quiescent but is in reality 
still active, a recrudescence is likely to occur and produce a worse 
condition than was already present. The severity of the operation on 
the hip, combined with the fact that bony union has not always been 
obtained, leads operators to employ other methods. 

By extra-articular arthrodesis it is possible to fix without opening the 
affected joint. It is suitable in certain cases of tuberculosis either 
at the commencement of the disease or when it is quiescent (sacro- 
iliac joint and hip joint) ; it is equally suitable in cases of fibrous 
union when an intra-articular arthrodesis will prove an extensive 
operation, particularly when it is feared there might be a recrudescence 
of the infective process. One type of extra-articular arthrodesis 
necessitates opening the joint ; for instance, in one operation on the 
hip joint the graft is laid directly along the upper surface of the neck of 
the femur; such an operation would be suitable for osteo-arthritis of 
the hip joint but not for tubercle. As a general rule, a bone graft is not 
placed through a joint unless the articular cartilage has been removed. 
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as the graft is liable to absorb in the joint space ; but this operation is 
performed with success by a graft across the ankle joint through the 
fibula, astragalus and tibia, when it can be planned so that the graft 
never actually forms a bridge. 

Extra-articular arthrodesis is eminently suitable for certain cases of 
tubercle, particularly when the graft is implanted well away from the 
disease. Experience has shown how successful grafting of the spine is 
in cases of disease of the vertebras in adults. Surgeons are tending to 
employ it for the hip joint, but there is no unanimous opinion as to 
the right time at which it should be undertaken, particularly in the hip 
and sacro-iliac joints. Tubercle of the hip joint in children and adults 
usually destroys a good deal of tissue even when the best treatment is 
carried out by general methods and efficient local treatment. The 
majority of cases treated without operation have a fibrous union at the 
end of their treatment ; this is painful at some time later in life, and 
the joint tends to get into a position of flexion and adduction. Con- 
sequently, the present tendency is to advise early extra-articular 
arthrodesis of the hip, so that extra.-articular bony union is assured ; 
as the result of the operation the disease tends to spread less and to heal 
more quickly, deformity is prevented, and bony union is obtained. If 
the operation is delayed until the disease is quiescent, deformity may 
have arisen and shortening have occurred ; hence, arthrodesis may be 
considered necessary in order to produce a painless joint and deformity 
may have to be corrected as well by an osteotomy ; two operations of 
this nature may not be advisable when there is any doubt as to whether 
the disease is active. 

It is probably fair to state that: (1) Extra-articular arthrodesis of 
the hip in an early stage of the disease has many advocates ; (2) an 
arthrodesis of the knee joint for tubercle in adults is the recognised 
procedure as soon as the condition is confirmed by biopsy ; and (3) that 
some form of arthrodesis, preferably extra-articular, is advocated in 
all cases of joint tubercle when they are quiescent, provided no sinus 
exists. 

arthroplasty 

Arthroplasty is an operation designed to produce movement at a joint 
— in fact, an artificial pseudarthrosis. The principles of the operation 
consist of: (1) The removal of bone an<l soft tissue, if any, interposed 
between the original joint surfaces ; and (2) the prevention of union 
between the opposing ends of the bones. 

Success of the operation depends on : (l) The removal of the correct 
amount of bone and the shaping of the ends of the bone which will 
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take part in the new joint ; (2) the separation of the ends of the bones 
and the employment of some method to prevent their union ; (3) the 
efficiency of the muscles around the joint; and (4) careful after- 
treatment. 

Details of technique. 

(1) The bone. When bony ankylosis exists, it is essential to divide 
this and to reshape the ends of the bones. When fibrous union exists, 
not only must the ends of the bones be shaped, but the interposing 
soft tissue must be excised. The quantity of bone that should be 
removed is a matter of controversy and must depend on the type of 
joint which one wishes to make. The common error is the removal of 
too small a quantity of bone. In shaping the ends of the bones, both 
stability and function must be considered ; for instance, in the case of 
the elbow, every effort should be made to fit the joint surfaces accur- 
ately, and only sufficient bone should be removed to give free motion. 
The olecranon and sigmoid fossa should be preserved, or, if that is not 
possible, a new olecranon must be made. In the case of the hip joint, 
the plastic work is carried out on the head of the femur rather than on 
the acetabulum ; but in the knee, the femur and tibia are both shaped. 
In this joint, stability is essential for weight-bearing, and is most easily 
obtained by cutting the lower end of the femur into a V-shape with an 
angle of 120 degrees in the angle in the V. 

(2) The prevention of bony union is carried out by extension on 
the limb after the operation, and by applying Horsley’s wax to the 
raw bony surfaces, or by the interposition of a flap of soft tissue. 
Wax is little used in this country for this purpose, and there is a diver- 
gence of opinion as to the value of an interposed flap. At one time it 
was thought that such a flap should consist of two layers and have a 
pedicle. It has been proved, that a pedicle to a flap is of no advantage 
and that a flap of one layer is certainly as efficient as a double one. 
The next question is whether the flap should consist of fascia or of fascia 
and fat. Eat probably absorbs quickly, but fascia will live after trans- 
plantation, although the edges may necrose. The free flap is usually 
taken from the outer side of the thigh. Some surgeons rely on separa- 
tion of the joint surfaces alone and do not use the fascial flap. When 
the latter is used, it should cover one bone snugly aud thoroughly and 
should be fixed in position by a few interrupted catgut sutures. This is 
a particularly suitable covering for the lower end of the humerus aud 
the head of the femur. 

(3) Muscles. Muscular efficiency of any joint requiring this opera- 
tion is below normal because the muscles will not have been in action 
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while the joint has been ankylosed or had great limitation of movement ; 
but if there has been no nerve paralysis and the muscles are of a reason- 
able shape and size, their efficiency will return with after-treatment. 

(4) The after-treatment consists in keeping the part at rest with extension. 
The length of time this is necessary will depend on the joint : the larger the joint 
the longer it is kept in extension. If voluntary movement can be started two 
weeks after the operation, immobilisation should certainly be continued, although 
a small amount of movement and muscle re-education is carried out daily. The 
increase in the movement must he determined by the functional development, 
and no passive movements should be employed. The aim should be for the patient 
to be able to work hard at moving his elbow in three weeks and for him to be bear- 
ing weight on the knee in six weeks and on the hip in four, but full weight-bearing 
will not be possible for ten to twelve weeks, and in the latter two cases a caliper 
will help the patient considerably. Sadden increase of movement should not be 
looked for. If the ends of the bones have a mottled appearance in the skiagrams 
six or eight weeks after the operation, the bones are likely to bo soft, and rapid 
progress must not be expected. This appearance is an indication to limit weight- 
bearing but to encourage muscle training and voluntary movement. 

The operation of arthroplasty is suitable in certain joints under 
favourable circumstances when the ankylosis has resulted from : 
(1 ) Trauma causing injury to joint surfaces and periosteum, particularly 
after severe fractures and fracture-dislocations ; (2) acute arthritis 
due to staphylococcus, streptococcus and gonococcus, when the 
infection has been localised to an arthritis and the erosion has not been 
deep ; or (3) certain cases of chronic arthritis, such as osteo-arthritis of 
the hip joint. 

Mobilisation of a joint is contra-indicated when : (1) It is known that 
the infective process is still active ; (2) the ankylosis was due to tuber- 
culosis, in which case, the risk of “ lighting up ” old infection is well 
recognised and, although successful arthroplasty has been accomplished, 
the risk is great ; (3) the soft tissues are bound down to the bdnes by 
extensive scar tissue ; (4) muscular weakness around the joint is 
extreme ; and (5) the shafts of the bones near the joints are scarred by 
old infection and are either sclerosed or greatly rarefied. 

Arthroplasty in children is seldom required and should be employed 
with great caution. 

The favourable circumstances for mobilisation of a joint are : (1) Age 
between twenty and forty ; (2) status of the patient — one who will 
co-operate in post-operative treatment and is intelligent ; (3) general 
fitness of the patient and complete freedom from local or toxic infection ; 
and (4) absence of scar tissue, particularly involving muscles around the 
joint. 
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Success of arthroplasty is greatest in the elbow, hip joint, and jaw. 
These joints are suitable because the articulation can be remodelled 
so as to be stable. Experience is showing that the keen joint is moder- 
ately suitable. Ringer joints are seldom good joints for arthroplasty, 
as the tendons around the joint are usually badly scarred. The shoulder 
seldom needs mobilising, and arthrodesis of the wrist in dorsiflexion is 
satisfying. Although arthroplasty of the ankle has been performed, it 
is not necessarily painless, wherefore arthrodesis is to be preferred. 

Operations on Individual Joints 

TEMPORO-MAXDIBULAR JOINT 

Operation on this joint is required in cases of ; (1) “ Clicking jaw ” 
or other symptoms indicating a lesion of the intra-articular disc of 
fibro-cartilage ; (2) arthritis ; and (3) ankylosis. (See also page 5121.) 

The operation for the first condition consists in the removal of the 
disc. When arthritis is painful and causing limitation of movement, the 
condyle can be removed. In cases of ankylosis the condyle can be 
resected or an arthroplastic operation can be carried out, a flap of 
fascia lata or of temporal muscle being sutured over the neck after 
removal of the condyle. 

Esmarch’s operation on the horizontal ramus is suitable when the 
fixation of the jaw is due to cicatrices of the soft parts. 



Exposure of the joint. There is a choice of two incisions, either of which is 
probably efficient. The easiest incision is a vertical one in front of the ear parallel 
to the posterior border of the ascending ramus, which should extend from the upper 
border of the zygoma for a little more than one inch downwards. The alternative 
incision is along the loner border of the zygoma on a level with the tragus ; the 
two incisions can be combined (fig. 2326). It is advisable to pick up the superficial 
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temporal vessels and to tie them, but branches of the facial nerve and the upper 
border of the parotid gland should be displaced downwards ; the fibres of the 
masseter muscle are divided with a knife from the zygoma, and separated with a 
periosteal elevator. The capsule of the joint is then exposed and a vertical incision 
is made through it, exposing the neck of the mandible. If the operation is carried 
out to lemove the fibro-cartilage, the incision is carried up through the capsule ; 
this is drawn aside, and the cartilage is grasped in a pair of small artery forceps, 
drawn downwards, and separated from any attachment with a tenotomy knife. A 
stitch is put into the capsule, the masseter muscle replaced, and the wound 
closed. 

When the operation of removal of the condyle is carried out, it is important 
to remove a considerable portion of bone, and the external pterygoid muscle must 
be separated from the neck. The neck is divided with a pair of small bone-cutting 
forceps. It will be known beforehand from the X-ray pictures whether the condyle 
is of normal shape or considerably destroyed. This information is very important 
as it is not easy to remove a deformed ankylosed condyle. If fascia is interposed, 
this must be stitched round the stump. Movement is commenced on the following 
day. If it should be necessary to do this operation on both condyles, a wedge 
should be kept between the teeth for two to three weeks and should only bo re- 
moved for cleansing of the mouth, feeding, and movement. It is probable that 
little advantage is gained by using a fascial flap. 

It is most important not to injure tho parotid gland, or a parotid 
fistula may form. A partial facial palsy occurs in a proportion of cases 
but is only of a transient nature. 

STERNO-CLAVICULAR JOINT 

Operation on this joint is required in some cases of unreduced 
dislocation and of recurrent forward dislocation. As the joint comes 
into action when the arm is abducted beyond a right angle, fixation of 
the joint may impair the movements of the shoulder girdle. This is 
more likely to be the case if the joint is fixed owing to former infection 
(a rare condition) than in an unreduced dislocation. In either case it is 
probably advantageous to excise the inner end of the clavicle if the 
patient has a definite disability. In treating recurrent forward dis- 
location, the operator’s ingenuity must come into play, as a buttress 
must be formed to prevent the clavicle from sliding forward. 

ACROMIO-CLAVICULAIt JOINT 

The common injury to this joint is an upward dislocation of the 
clavicle. Such a condition may persist if the primary treatment has 
failed or if there have been repeated injuries. The superior acromio- 
clavicular ligament has usually been torn and the conoid and 
trapezoid ligaments stretched or detached. When considering 
operative treatment, it is important to determine whether the 
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disability is sufficient to warrant operative treatment. If the latter 
is undertaken, an effort should be made to reconstruct the parts 
rather than to fuse the clavicle 
to the acromion (fig. 2327). The 
operation will consist in exposing 
the acromio-clavicular joint and 
making new ligaments from fascia, 
probably fixing the clavicle to the 
acromion by a band of fascia passed 
horizontally through drill holes in 
both bones. In addition, it will 
often be. necessary to replace the 
useless conoid and trapezoid 
ligaments by fascia passed round or 
through the clavicle to the coracoid 
process. 



Fig 2327 — Diagrammatic retkerextatiox or 
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SHOULDER JOINT 

Arthrotomy. The opening of the shoulder joint is necessary in cases 
of : (1) Infective arthritis ; (2) fracture-dislocations and some cases of 
unreduced dislocations ; and (3) loose bodies in the joint. 

The usual procedure is to open the joint from the front in cases of 
infective arthritis, and this is always done unless there is a definite 
swelling posteriorly. Counter-incisions posteriorly or at the apex 
of the axilla are sometimes necessary and helpful. If the latter is 
used, the arm must be drawn upwards above the head while the counter- 
incision is made. Although this incision provides good drainage, the 
dressing is not easy, and discharge over the axilla is liable to cause 
infection of the hair follicles. If the infection has arisen as a com- 
plication of osteomyelitis of the upper end of the shaft of the humerus, 
the bone should be approached from the postero-lateral aspect, and if 
drainage of the joint is considered necessary, this will be carried out 
through the posterior part of the capsule. 

Arthrotomy by the anterior route is the method employed for the 
other conditions. A small sand-bag is placed behind the shoulder and 
the arm is slightly abducted. An incision is made from the lower border 
of the clavicle half-way between the coracoid and acromion processes, 
extending downwards in the line of the deltoid fibres. The deltoid 
muscle is split about 1 inch lateral to its inner border. There will be 
some haemorrhage which is easily controlled. The muscle-fibres are 
retracted, exposing the bicipital groove if the arm is externally rotated. 
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Retraction of the upper part of the muscle will expose the joint. Some 
surgeons, however, prefer to retract the whole deltoid muscle without 
splitting it. 

In the case of removal of loose bodies, the capsule will be split from 
above downwards and closed after removal of the bodies (fig. 2328). 

In the case of fraclure-dislocalion, it will be necessary to decide if the 
head can be fixed on to the shaft and the dislocation reduced, or whether 



A. Skin inci»K»n. 

Ik The deltoid iuuh le it retracted ei|«w>ing the ct|nulo ttul lie tendon of the bucjw 

the head must be removed. The latter is undesirable and certainly 
not necessary if the case has come before the surgeon soon after the 
injury. In unreduced dislocations, the soft tissues may have con- 
tracted to such an extent that reduction of the dislocation is impossible 
without injury to the soft structures. It used to be recommended 
that the head of the humerus should be excised, but a stronger arm will 
be obtained if reduction can be carried out, although full movements 
may not be obtained subsequently. After the operative procedure has 
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been carried out, the capsule is closed with interrupted stitches, the 
deltoid brought back, and the skin closed. After any one of these 
operations, the arm should be fixed in abduction prior to physical 
treatment which will consist of faradism to the deltoid, active move- 
ments. etc. 

Arthrodesis. Indications : (1) Flail shoulder ; (2) permanent del- 
toid paralysis ; and (3) some cases of tuberculosis of the shoulder joint. 

The operation for the first two conditions is intra-articular or com- 
bined intra- and extra-articular arthrodesis. Extra-articular arthro- 
desis is suitable for cases of tuberculosis, particularly when the inner 
portion of the head is mostly affected and tends to sink inwards. 
Whether this should be practised at the commencement of the disease 
or after general treatment and immobilisation has been carried out is 
a debatable point. 

Intra-articular Arthrodesis. This is usually required in cases of 
infantile paralysis producing flail shoulder ; the best permanent results 
are obtained if the operation is delayed until the age of puberty. 

A sand-bag is placed behind the shoulder, an incision is made from 
just above the tip of the acromion downwards in the line of the deltoid 
fibres. The muscle will he thin, and is split in the line of its fibres ; the 
capsule is divided freely and the biceps tendon preserved. The head 
of the humerus is brought out into the wound. The articular cartilage 
is removed, and the head shaped so that it will fit into the small glenoid 
fossa. This is carried out most easily by entirely removing a portion 
of the front and back and then taking the articular cartilage only off 
the central portion, which can be shaped to fit the glenoid subsequently. 
During the shaping of the head the operator must realise that in a child 
the arm will he fixed in a position of 90 degrees abduction and 30 
degrees external rotation, with the elbow in front of the body line. 
Tlie abduction should be about 70 degrees in an adult. The articular 
cartilage is then removed from the glenoid and the head fitted against it. 
The wound is closed, and a large plaster is applied round the trunk and 
over both shoulders and the arm of the affected side (see fig. 2331). The 
limb must he put in the position already described, with the elbow flexed, 
to about a right angle and the wrist dorsiflexed. A window can be cut 
above the shoulder and over the wound for removal of the stitches. The 
plaster should remain in place for three montlis. Subsequently, move- 
ment of the limb is obtained by the action of the muscles on the scapula. 

Additional aids to the fixation of the humerus to the scapula can 
be obtained by : (1) Driving a peg of beef bone or a bone graft through 
the head into the glenoid ; and (2) separating the greater tuberosity 
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Left hand fig. — -The trimming of the bead of the humerus has been commenced by removal of two lateral portions, 
leaving the central piece A, which ■* to fit into the glenoid cavity. A is still covered by articular cartilage j 
15, great tuberosity ; C, small tuberosity. 

Rigbt-liand fig —Head of humerus and glenoid in apposition after removal of the articular cartilage from both. 
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BUarr as D TCiuotlrt. Tn* ctavicvi ASO ariSE or TUk scatt-La Bav* bee* btriDCp IO iijo» T*» 
sc romos to aeur, 


4314 POST-GRAD UATE SURGERY 

from above downwards, leaving it hinged below, and by cutting 
through the acromion process and, after removing the soft tissues 
attached to it, inserting it between the greater tuberosity and the bone 
(see fig. 2330). , 

Extra-articular Arthrodesis. This is carried out through a similar 
incision prolonged upwards, and by inserting the acromion, after its 


Fig 2331.— Snows plaster applied to 
tbp-nk and rrPEB limb after arthro- 
desis or THE SHOL'LDEH. 


surfaces have been freshened, into a groove between the greater tuber- 
osity and the humerus in the manner already mentioned. This is 
facilitated by dividing the clavicle 1 \ inches from its outer end and the 
spine of the scapula at a similar distance (see fig. 2330). 

Recurrent Dislocation of the Shoulder 
When repeated dislocation of the shoulder occurs with little trauma, 
operative treatment offers complete cure to a large percentage of 
patients. Epilepsy is no contra-indication. A variety of operations are 
still carried out, all of which have definitely taken the place of arthro- 
desis, as full movement should be obtained by any one of them. Most 
of those in use to-day are intended to prevent the recurrence of the dis- 
location by altering the normal periarticular structures and yet allowing 
full movement. The pathology of the condition, as to whether the hone, 
capsule or muscle tissue is the primary lesion, is not considered in any 
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of these operations except in that of Bankart. Yet a high percentage 
of good results is reported by the advocates of each. 

The operations are of two types : 

(1) Those designed to prevent recurrence by the introduction of 
a sling ; (a) Of muscle. Clairmont’s operation consists in separating a 
strip of the posterior border of the deltoid, carrying it forward through 
the quadrilateral space, and fixing it to the subscapularis tendon. This 
operation is theoretically suitable in cases of dislocation when the 
primary displacement is downward ; ( b ) Of tendon. Nicola’s operation 
(Jl. Bone and Joint Surgery , 1934, XVI, 663) consists in passing the 
tendon of the long head of the biceps through the head of the bone. 
The bicipital groove is exposed by an incision through the anterior 
part of the deltoid. The biceps tendon is exposed up to the joint 
by dividing the transverse humeral ligament which keeps the tendou 
in the groove. The tendon is divided an inch below the lower border 
of the ligament. With a J-inch drill a hole is made, starting in the 
bicipital groove 1 inch distal to the small tuberosity and passing up- 
wards in the line of the tendon, but coming out through the articular 
surface a half to three-quarters of an inch from the edge of the articular 
surface. The tendon is passed through this from above downwards 
and sutured to the distal portion ; the transverse humeral ligament is 
sutured back and also stitched to the biceps tendon after abducting 
the arm. Fixation with the arm beside the chest wall is employed for 
two weeks. 

(2) Operations on the joint itself, or combined with some other 
procedure : (a) Plication of the capsule alone is seldom curative and is 
not recommended ; { b ) Repair of the glenoid ligament alone or with 
plication of the capsule and shortening of the subscapularis tendon. 

Bankart advocates the following operation as lie considers that 
when the dislocation occurs “ the head shears off the fibrous capsule of 
the joint from its attachment to the fibro-cartilaginous glenoid liga- 
ment.” A sand-bag is placed behind the scapula, and the anterior 
incision for exposing the shoulder joint is employed. The coracoid 
process is divided with an osteotome and drawn downwards with the 
muscles attached to it. The tendon of the subscapularis is defined, 
divided from the humerus, and drawn inwards. The anterior aspect of 
the shoulder joint is now exposed. The glenoid ligament may appear 
as a free edge, and a baud of fibrous tissue forming the border of the 
torn capsule may be seen running from above downwards ; if it 
appears flat, it should be elevated and kept in this position with a small 
wedge of bone. The fibrous capsule should then be fixed to the bone 
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along the anterior margin of the glenoid. The subscapularis tendon 
and detached coracoid process are re-attached and the wound closed. 
The arm is kept at rest for four weeks before active and passive move- 
ments are commenced. 

(c) By the formation of a bony buttress in front of the joint and 



Fij 2332 — Chirm ost's ortainoi fob recurrent Fig 2331. — Bis kart's operation fob recurrent 
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by shortening of the subscapularis tendon, with plication of the capsule 
if this is loose. 

The coracoid process, the front of the joint, and the subscapularis 
muscle are exposed by separation of the anterior fibres of the deltoid. 
The coracoid process is split obliquely from before backwards, so that 
the tendon of the coraco-brachialis and the short head of the biceps can 
be turned downwards. 

The tendon of the subscapularis is divided 4-inch from its insertion. 
The anterior portion of the capsule is examined and, if lax, plicated. 
The subscapularis tendon is overlapped and the slack taken up as it is 
united ; stitches are passed through the aponeurosis of the two pieces of 
coracoid process, so that 
the free portion (to which 
the coraco - brachialis 
and biceps are attached) 
will unite to the fixed 
piece, but tilted down- 
wards so as to form a 
bony block in front of 
the joint. After closure 
of the wound, a large 
pad of wool is placed in 
the axilla, the elbow is 
bent to a right angle, 
and the anil is fixed 
in plaster to the side 
of the thorax for ten 
weeks. In Oudard’s original operation the coracoid was lengthened 
by insertion of a graft. 

There is no doubt that successful treatment of this condition lias 
been carried out by each of these methods. In view of the fact that 
bony, capsular or muscular lesions may be present, it is certain that the 
routine use of one method is unlikely to be curative in every case, 
except probably by the employment of Bankart’s operation. The sling 
operations are less in favour at the present time than ten years ago 
because Clairmont’s operation is extensive and failures have been 
reported. It is suggested that the failures are due to the fact that the 
success of the operation may depend on the formation of a pad, and that 
in course of time this pad diminishes in size. Nicola’s operation 
necessitates injury to the joint, and undoubtedly the tendon will 
absorb. Bankart’s operation has produced good results but is difficult, 



F'j. 2335. — Operation ros beci.bbe.nt dislocation or the shoulder 
( after OvJard ) 

A 1 Indicates lateral half of coracoid process divided at the dotted line. 
A* Indicates the new position of the lateral half of the process. 
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and it is perhaps questionable whether it >• 
? o extensive an operation as this is ; it is « • 
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the right place to prevent further dislocation 1 1 
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elbow joint 


AitLrctciny. (1) For infective arthritis. tl» 
posteriorly, either by one incision through th 
anconeus on tbe outer side of the olecranon. 1 • 
second incision placed on the inner side of the <•' 




are in the line of the limb over the swelling 1 n 
of the joint. It is adx'isable to avoid making tl - 
side of the olecranon owing to the proximit} <>i 

(2) For loese bodies in the elbow joint. Tin 
should always be made on tbe outer side if po->ib' 
be the method of choice in operations such t 1 
head of the radius and for fixation of a displaced 
on the internal epicondyle should be earned 
incision. 

The approach to the outer side of the joint 1 
matic tourniquet is employed. The elbow is pla« • 
the arm abducted from the side. In an adult t ii 
H inches above the external epicondyle and 1 
over that bony point and along the line of the i> 
of the radius for 2 inches beyond the elbow’ join 
and subcutaneous tissue is reflected forward. Tl 


extensor muscles arising from the external epic 
the line of its fibres for 2 inches, so as to expose tin 
head of the radius and the capitellum. Care mu 
incision is not carried down as far as the point whet > 
osseous nerve winds round the neck of the iadm- 
the operation it is considered that the operative 5 
carried out through an incision of this size, the .1} 
divided from the external epicondyle and rcti.u 
capsule is incised on the outer side of the joint, am 
so as to expose the head of the radius and the an. 
capitellum. A more extensive opening of tbe jou 
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gently removing the anterior part of the capsule from its attachment to 
the humerus. Such an approach will make it possible to remove a 
loose body from the anterior part of the joint or to carry out an operation 
on the capitellum, or on the head or neck of the radius. The capsule 
must be closed on the outer side, and the origin of the muscles re- 
attached to the external epicondyle. A line of sutures is placed in the 
divided aponeurosis of the extensor muscles and the wound closed. The 



limb is placed in a light plaster with the elbow at a right angle and the 
forearm supinated. It is kept at rest for three Aveeks before active move- 
ments are commenced. Massage must not be employed after this 
operation. 

Excision of the elbow joint. This operation consists in the removal of : 
(1) The lower end of the humerus by a transverse line drawn through 
the middle of the internal epicondyle ; and (2) the head and neck of 
the radius and of the upper eud of the ulna at the level of the neck of the 
radius. The diseased tissue (if any) is dissected out, but every endeavour 
is made to preserve the insertion of the triceps and the external lateral 
ligament. 
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The operation is indicated : (1) For tuberculosis of the elbow joint 

when conservative methods are not leading to a successful issue ; and 

(2) in certain cases of suppurative arthritis following compound com- 
minuted fractures involving the joint. This operation can be carried 
out when sinuses are present, and the wound be drained subsequently, 
whereas an arthroplasty is not advocated in the presence of infection. 



B. Luu> of MCUoo in uthfopLoty {dotted tiaesl 

The operation through a lateral incision, as described by Kocher, is 
the one usually practised. Flexion and extension are generally satis- 
factory, but lateral instability often occurs after excisions of the elbow. 

The after-treatment consists in keeping the joint at right angles for two weeks ; 
from that time movement is encouraged, but the arm must be kept at rest between 
the exercises. It is probably advantageous to keep it in different positions of 
flexion and extension for four to five weeks before discarding all splinting. 
Electrical treatment and massage to strengthen the muscles will help to prevent 
lateral instability. 

Arthroplasty. Indications: (1) Traumatic conditions — (a) Certain 
comminuted fractures of the elbow joint ; (6) bony or fibrous union 
following fractures involving the joint. In adults, when a simple com- 
minuted fracture of the lower end of the humerus has injured the 
articular surface to such an extent that good function of the joint is 
unlikely to occur, an arthroplasty carried out within ten days of the 
injury is a sound procedure. In fact, the result is likely to be better 
than when the operation is carried out late owing to irregular bone 
formation, contraction of the capsule, and wasting of the muscles which 
are such frequent sequel® of severe injuries to the elbow joint. 

(2) Ankylosis following infective arthritis. Arthroplasty is seldom 
advisable in any case of tuberculosis of the joint. It is important to 
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delay this operative procedure until the surgeon is satisfied that no 
infective process is present or likely to be brought to light by any 
operative procedure. Good results are reported when there has been 
bony ankylosis, and undoubtedly best function follows those operations 
which are carried out when the bones have been little damaged by an 
infective arthritis. 

This operation to regain movement is probably of little value for a 
labouring man, who can do moderately bard work with an ankylosed 
elbow, provided it is not painful. It is recognised that fibrous union of 
the elbow is not as painful a condition as it is in the knee or ankle joint. 
However, a flail elbow is a particularly serious disability for the work- 
man, and is found to arise as the result of gross injury to the bones or 
of imperfect technique in carrying out an excision. 

Technique. The technical details of an arthroplasty cannot be 
standardised, as each case must be treated on its merits. A pneumatic 



A. Hie lower end of the humerus prepared 

15 The lower end of the humerus coretrtl with fascia 

C. The coieml lower end of the humerus replaced in the sigmoid fosM- The furia oier the humerus hss been 
Stitched to the anterior part of the c»j*ule of the joint. 


tourniquet is used. The skin incision must depend on the position of 
any scar tissue. It is essential that it should be sufficiently long to give 
free access to the joint. A posterior incision 7 inches in length, with the 
centre over the tip of the olecranon, provides good access. As there 
are certain advantages in the incision not being directly over a bony 
point, an incision of similar length can he employed on the lateral side 
of the triceps tendon and carried down between the radius and ulna. 
The triceps aponeurosis is divided at the joint level, and the tendon and 
a thin slice of olecranon, including the tip, are removed with an osteo* 
tome and retracted upwards. The ulnar nerve is isolated and retracted, 
and the lower end of the humerus is cleared. As it is usually necessary to 



432*2 


POST-GRADUATE SURGERY 

remove the lower end of the humerus above the epicondyles, it is 
advisable now to remove the epicondyles and their muscle attachments 
with a thin osteotome. If there is bony union, tins must be broken down 
by means of a gouge. If it is a case of fresh fracture, loose fragments of 
bone are removed. If there is fibrous union, the joint is broken open. 
The lower end of the humerus is then brought out into the wound, care 
being taken that the periosteum is not stripped up. Before dealing with 
this, the radius and ulna are examined. These should be interfered with 
as little as possible, but if the head of the radius is devoid of articular 
cartilage, it is better to remove the head and a small portion of the neck 
unless the surgeon has decided to do this at a second operation. With 
regard to the ulna, it is essential to leave or remodel the great sigmoid 
fossa. If articular cartilage no longer exists, it will be necessary to 
remodel this, but every endeavour should be made to preserve the 
olecranon process. The loss of the corouoid process does not interfere 
with stability to such an extent. The lower end of the humerus is now 
fashioned by removal of the old articular surfaces up to the level of 
the olecranon fossa. Some surgeons aim at endeavouring to reshape 
the bone into what it was before, but the majority prefer to cut the bone 
just distal to the olecranon fossa so that the divided surface is quadri- 
lateral. A rasp or file is now used over the raw bony areas. The 
humerus should then be placed in the sigmoid fossa to test the fit. 

The next step is to cover the lower end of the humerus with a flap. 
This is not employed when the operation is being carried out for a 
recent fracture, but by most surgeons for other conditions. The flap 
should consist of a free fascial flap removed from the thigh, or of a 
musculo-aponeurotic flap removed from the deep surface of the 
triceps, la either case the flap is sutured round the lower end of the 
humerus and preferably attached at one or two places to the front of 
capsule of the joint. Care is taken that the forearm bones are in correct 
relationship to the humerus, and the addition of a few stitches from the 
capsule to the fascial flap will help to prevent the humerus from losing its 
correct relationship to the ulna. The epicondyles are fixed back to the 
humerus, the olecrauon and triceps aponeurosis are sutured into place, 
and the wound is closed. After application of dressings, the arm is put 
in plaster, flexed just above a right angle in full supination. The 
stitches are removed in two weeks and a posterior plaster trough made ; 
movement is then commenced, future treatment being as for other 
cases of arthroplasty. 

Operations on the head and neck of the radius are described in 
Chapter IV of this section. 
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INFERIOR RADIO-ULNAR JOINT 

Ankylosis of this joint is treated by an operation on the lines devised 
by Baldwin. An incision is made over the lower part of the ulna between 
the flexor and extensor carpi ulnaris, the ulna is exposed, and a point 
1 \ inches from the head of the ulna is located. Half an inch above and 
below this point the periosteum is incised in a circular fashion, and the 
ulna is then cut through in two places so as to remove 
less than I inch with the periosteal sheath. A small 
poition of the muscular tissue in the neighbourhood is 
stitched round the proximal end of the ulna, and the 
wound is closed. The part is kept at rest for three 
weeks. Good results are obtained as union does not 
occur between the two ends of the ulna. ( Orlhopccdic 
Surgery of Injuries, R. Jones. Oxf. Med. Pubis., 1921.) 

WRIST 

Arthrolomy for purposes of drainage is seldom 
required. The wist joint is opened for removal of part 
or the whole of the scaphoid and for unreduced dis- 
location of the semilunar bone. The operation is 
described in the chapter on fractures (see page 4444). 

The operation of excision of the wrist joint was at 
one time carried out in cases of tuberculosis, but 
success of this operation seldom equals the conservative 
treatment, so that operative measures for this con- 
dition are limited to removal of sequestra only ; this is Bwj^i'opBUTMiT 
seldom required except when sinuses have persisted Acu^nwMi. «»•««« 
for some time. »cutb above the 

When ankylosis is present in a bad position or when *■ 

there is lipping of bone on the back of the radius and 
carpal bones so as to limit dorsiflexion, operative 
treatment is indicated. The operation of arthrodesis is advisable for 
the former; the bony lipping can be removed alone, or in more severe 
cases arthrodesis also can be performed. Arthroplasty of this joint 
is not recommended ; its success will enable natural movement as well 
as flexion to be carried out, but in the cases reported, the degree of 
dorsiflexion which is so valuable has not always been maintained. 

Technique of Arthrodesis. A pneumatic tourniquet is employed 
round the arm. An incision — 1 to 3 inches long, with its centre over the 
wrist joint, is made along the radial side of the extensor proprius indicia. 
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The veins are clipped and divided, the posterior annular ligament is 
cut, and the tendons are retracted. The line of the wrist joint is defined, 
and a chisel inserted so as to divide the lower end of the radius at right 
angles to the shaft but obliquely from behind forwards. The proximal 
surfaces of the scaphoid and semilunar bones are removed. The ulna 
and cuneiform are cut through similarly, so that a wedge of bone is 
removed with the base at the back and the point of the wedge forward. 
This will make it possible for the wrist to be dorsiflexed 45 degrees. It 



Fig. 2310. — Abthbodesu or tiu 


Do&sinxxiox. 


is important to diride the radius and ulna right through to the front. 
The bones should fit accurately. 

It may be possible to insert one or two catgut sutures to help to 
hold the bones together before replacing the tendons in their correct 
position and closing the annular ligament and skin. A plaster is 
applied which includes the thumb and first phalanges and extends up to 
the elbow joint, care being taken that the wrist is in the position of dorsi- 
flexion already mentioned. In two weeks the stitches are taken out and 
a more tightly-fitting plaster is applied. Movement is encouraged in 
such portions of the fingers as is possible. At the end of ten weeks from 
the time of operation, the plaster is removed and a skiagram taken to 
see if bony ankylosis is secure. 


METACAR I' o- PHALANGEAL JOINTS 

Operation is required on these joints for open reduction of disloca- 
tions when closed reduction has failed. If the operation is carried out 
soon after injury, it will not be difficult to see what structure is prevent- 
ing reduction. This can be elevated out of the joint and the dislocation 
reduced. When a dislocation has been present for some weeks, it is 
probably best to attempt open reduction on similar lines. 

Arthroplasty is sometimes practised for such a condition and for 
stiff joints due to other causes ; however, good movement after 
mobilising this joint is seldom obtained and fibrous uuion is the usual 
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sequence. In performing arthroplasty, incision is made to one side of 
the extensor tendon ; the head of the metacarpal bone is preserved as 
much as possible, the cartilage only being removed, but the base of the 
phalanx is cut away so as to make a larger joint space. A sheet of 
fascia from the thigh is fixed round the head of the metacarpal bone 
and the tissues surrounding the joint are brought together to re-form 
the posterior part of the capsule. It is essential to apply extension to 
the finger ; this is best carried out by passing a finger-pin and stirrup 
through the pulp of the finger, and fixing this with tape to a notch in a 
piece of wire extending beyond the finger distally and attached to a 
plaster cuff round the wrist as is used in a case of fractured phalanges 
(see fig. 2391). Finger movements should he commenced two to three 
weeks after the operation ; the extension can be continued for five 
to six weeks, being removed daily for exercise. 

TERMINAL INTERPHALANGEAL JOINT 

Arthrodesis of this joint, particularly in the first and second fingers, 
is useful in unreduced fracture-dislocations which are painful. An 
incision is made to one side of the joint in a line with the edge of the 
nail. The joint is exposed, articular cartilage removed with a thin- 
bladed osteotome, and the bone shaped so that the terminal phalanx is 
slightly flexed on the second phalanx. It is important that the two 
pieces of bone should fit snugly ; this may be made possible by passing 
catgut sutures through the periosteum or by shaping the second phalanx 
to fit into the terminal one. The finger is splinted with a malleable 
metal splint or light plaster for six weeks, when an X-ray picture is 
taken to sec if union is firm. 

SACHO-1LLVC JOINT 

The operation of arthrodesis of this joint is performed for sacro-iliac 
arthritis (sub-acute, particularly after pregnancy, and chronic), and for 
tuberculosis. Both intra- and extra-articular arthrodesis is practised. 
The extra-articular operation is obviously suitable for cither condition 
and, although some surgeons practise the iiitra-articular operation for 
either condition, it is considered that tuberculosis should be treated by 
tlie extra-articular arthrodesis only. 

The cases of low backache due to arthritis are usually treated by 
physical methods — heat, massage, perhaps manipulation and a corset — 
before resorting to operation, even when X-ray changes show arthritis. 
Before deciding on an operation, it is most necessary to determine if the 
signs and symptoms are due to arthritis of the sacro-iliac joint only, to 
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a similar condition of the lumbar spine, or to both. In the first case, 
sacro-iliac arthrodesis is indicated ; in the second, fusion of the lumbar 
spine ; and in the third, a combination of these two operations. 

In the case of tuberculosis of the sacro-iliac joint, conservative 
treatment by rest on the back in a plaster bed or similar apparatus 
will form the most important part of the treatment, and there is a diver- 
gence of opinion as to whether any operative treatment is advisable. 
There are three alternative lines of treatment : 

(1) Sacro-iliac arthrodesis as soon as the diagnosis is made ; 

(2) Exposure of the affected area, removal of as much disease as 
possible, and fixation with a bone graft extending through the area of 
the disease ; or 

(3) Arthrodesis at the termination of the conservative treatment 
when the symptoms, signs and X-ray appearance suggest that the 
disease is no longer active. 

Some surgeons consider that an abscess is not a contra-indication 
to the operation, but in the presence of sinuses surgery is definitely 
contra-indicated. Those who favour early operative treatment are 
influenced by the fact that the disease is recognised as a serious mani- 
festation of tuberculosis and that early steps to allay the condition surgic- 
ally are likely to cure it more quickly, and, further, to limit or prevent 
other foci of tubercle appearing elsewhere in the body. Most surgeons 
are content to treat the coudition conservatively only if other foci of 
tubercle are active. Experience of operative treatment for this con- 
dition is still limited. At the piescnt time I consider that the best 
procedure is to perform an extra-articular arthrodesis at the termina- 
tion of the conservative treatment. 

The extra-articular arthrodesis described by Yerrall is practised by 
a number of British and French surgeons, both for sacro-iliac arthritis 
(uni- or bi-lateral) and for tuberculosis. The operation necessitates re- 
moving a bone graft from the tibia. The results on the whole are gratify- 
ing, but absorption of the graft on the medial aspect of the ilium may 
occur. Those who are familiar with this operation will probably employ 
it for both conditions in preference to the operation of Smith-Petersen 
which is intra-articular and therefore, iu the author’s opinion, not 
suitable for tuberculosis. 

There are obvious advantages in removing the bone graft from the 
ilium without employing a tibial graft ; it is considered that for uni- 
lateral sacro-iliac arthritis the operation of Smith-Petersen is the one of 
choice, but that for unilateral sacro-iliac tuberculosis an extra-articular 
operation, using a graft from the ilium, is to be preferred. 
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Extra-articular Arthrodesis. A week prior to any one of these 
operations, a plaster bed should be made, so that the patient can be 
placed in it at the end of the operation. 

The technique of VerralVs operation is as follows (fig. 2341) : 

The skin incision consists of a semilunar flap with the base down- 
wards, the convexity being over the top of the 5th lumbar spine. 
Both posterior superior iliac spines are exposed, together with the 
muscles on the back of the sacrum. The spines are cleared of muscle 
and aponeurosis, and the spinous process of the sacrum which intervenes 
between these two is removed with a large pair of bone forceps. A 
tunnel the size of a little finger is made in each ilium in front of the 
posterior superior spines. A bone graft of the required size is cut from 



the tibia and driven through the ilium deep to the muscles on the back 
of the sacrum and into the other tunnel. It should lie in contact with 
the raw area made on the sacrum by the removal of the spinous process. 

Inlra-arlicidar Arthrodesis of Smith- Petersen. The skin incision 
consists of a 4- inch incision along the posterior two-thirds of the iliac 
crest which is continued in a curved fashion round the posterior 
superior iliac spine and then forwards in the line of the gluteal fibres for 
3 inches from the posterior superior iliac spine. The incision is carried 
right down to the bone (see fig. 2342). 

With a broad periosteal elevator the periosteum and overlying muscle 
are reflected downwards and forwards, commencing along the outer 
border of the posterior part of the crest of the ilium. This is continued 
until the saero-sciatic notch is exposed. The flap is held retracted by the 
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assistant, while the operator maps out on the bone a rectangular area 
which he considers to correspond to the sacro-iliac joint. The inferior 
border of this joint corresponds to a line just above the sacro-sciatic 
notch and the anterior border to the medial gluteal line. The piece of 
bone marked out should be approximately li by lj inches. With a 
tliin-bladed osteotome this rectangular piece of bone is removed so 
as to make a window down to the sacro-iliac joint. It should extend 



Fij. 2342. — Sjutu Fetuses's cstbs-aiticu- 

Al. A2 indicate* tUn incision. 

B represent! tlie sirs of ilium overliwg the 
Micro- One joint TJif rectangle C indicates 
tLe Lone UuL stitch is rut nut and later 
counter-* unit. 





A indicate* graft cut. 

11 indicate* the line of division of posterior 
iliac spine 

C indicate* tlw graft in position resting on 
raved surface of sacrum and deep to p* 
tenor spine, » fetch u refined superficial to 
graft. 


posteriorly into the inferior sacro-iliac ligament. The joint surface is 
then removed with a gouge or large spoon so that the window extends 
right into the sacrum. The rectangular piece of bone which has been 
removed is examined and the cartilaginous surface of it is cut away. It 
is then replaced and driven home, being counter-sunk as far as possible 
so that the cancellous tissue comes in contact with the cancellous 
tissue of the sacrum. If it is well home, it should fit very tightly. The 
musclesand periosteum are stitched back in place and the wound is closed. 

Extra-articular arthrodesis may be carried out as follows: The 
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exposure is made as for Smith-Petersen’s operation. A bone graft 
consisting of the outer table and cancellous tissue of the ilium, measuring 
2 inches by 1 inch, is cut at some distance from the sacro-iliac joint as 
is indicated in figure 2343. The posterior superior spine is removed 
with a thin osteotome, J-inch of bone being elevated and turned down- 
wards with the attached sacro-iliac ligaments. The muscles on the 
posterior surface of the sacrum are raised and the surface of the bone 
roughened ; the graft is placed transversely on this raw area of the 
sacrum and over the area from which the posterior superior spine was 
removed. The posterior superior spine is then re-attached, the muscles 
are stitched back in place, and the wound closed. 

HIP JOIXT 

The two easiest methods of approach to the hip" joint are: 
(1) Antero-lateral ; and (2) Lateral. 

The former is used : (a) for drainage of the hip joint for acute 
arthritis ; (6) for operations on the joint itself in children ; and 
(c) sometimes for intra-articular arthrodesis. 

The lateral approach is employed for : (a) extra-articular arthro- 
desis ; (6) intra-articular arthrodesis ; and (c) arthroplasty. 

Exposure of (he hip joint by the antero-lateral incision. This com- 
mences just below the crest of the ilium, 3 inches (in adults) behind 
the anterior superior iliac spine, and is carried forwards to below the 
anterior superior iliac spine and then downwards for o inches in the 
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line of the limb over the front of the tensor fascia femoris. The Hap 
is turned outwards. The glutei and tensor fascia femoris are stripped 
from the ilium, and the interval between these muscles and the sartorius 
and rectus femoris is dissected. A branch of the external circumflex 
artery will require ligation. It will be necessary to remove the origin 
of the rectus femoris from the anterior inferior iliac spine in order to 
expo:>e the capsule freely. 

The technical part of the operation, whether it be an open reduction 
for a congenital dislocation, making a shelf for congenital dislocation, or 
drainage of the joint, will now be carried out. The muscles are fixed 
back m place with catgut sutures and the wound closed. If counter- 
incision for dramage in infective cases is necessary, this is done before 
the wound is closed. 


Lateral incision, (i) For an extra-articular operation, a vertical 
incisiou is made in the line of the femur over the great trochanter up 
to the crest of the ilium : it should extend 3 inches below the great 
trochanter (fig. -344c). (ii) For intra-articular operations, more room 
is generally necessary, and the “ goblet incision *» of Murphy is emploved 

* °' vn ^ % ure -344a. The method of exposing the hip joint is 
described subsequently. 

Arthrodesis . Jntra- or extra-articular arthrodesis mav be carried 
out on this joint. 


,, , ^uluatiwu : («) Certain cases of unilateral osteo-arthritis; 

mertarn cases of tuberculosis : and (c) Flail hip joint in some cases 
of infantile or other paralysis. 

The object of treatment of osteo-arthritis of the hip joint is the relief 
to tnlT ;r 3 ■ mejsurc of relief it is usual to advise a caliper splint 
I-. VT* 1 ® i . joint- A number of operations have been 

r “ U “ poasiM ' to on the treatment of this 
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Wfe tl after-treatment which will necessitate fixation for 
aTartteSskS ° P T t10 ^ “ ° f consid ™ M = nrngnitude, whether it be 
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d.tion is usually earned out by the intra-articukr methyl butbhemis 
no reason why the extra-arttcukr should not be emploved 

Investigation of the X-ray appearance of the hip joint after it has 
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been affected with tuberculosis shows that destruction of bone is common, 
malposition (flexion-adduction deformity) is present in many cases, and 
fibrous union generally occurs, so that a painful joint at the end of a 
tedious treatment occurs in a big proportion of cases at some time or 
other during the patient’s life. Consequently, the tendency of surgeons 
of to-day is to advocate extra-articular arthrodesis, either as soon as 
the disease is diagnosed or at the termination of the conservative 
treatment. In children, free movement may occur in cases of early 
synovial tubercle and when the disease has been in the innominate 
bone and not in the femur. If an operation is carried out during an 
active tuberculous condition, a firm bony union is more likely to occur 
if the diseased area is not exposed. 

In cases of paralysis of the lower limb, one rarely finds muscular 
control of the knee joint associated with excessive weakness of the 
muscles controlling the hip joint. When this is the case, an arthrodesis 
of the hip joint can be carried out. Patients with infantile paralysis 
accompanied by a flail limb are seldom able to walk after fixation of 
the hip and the knee, and these cases are often complicated by paralysis 
elsewhere. 

Infra- articular Arthrodesis, Technique. The “ goblet incision ” is 
employed. The skin incision is somewhat undercut, and the tensor 
fascia femoris and glutei are separated. A broad osteotome is applied to 
the base of the great trochanter and this prominence removed, the bone 
being cut in a line with the upper border of the neck of the femur. The 
trochanter is drawn upwards and backwards with slight dissection so 
that the glutei muscles are displaced in this direction. The upper surface 
of the neck of the femur and capsule are then exposed, and the capsule 
is divided from above downwards and from before backwards. The 
head of the femur is then dislocated from the acetabulum, and the 
articular cartilage is removed from its surface. The acetabulum is then 
cleared of articular cartilage. These procedures are limited by many 
surgeons who only remove the cartilage from the superior and posterior 
surfaces of the head of the femur and from the corresponding surfaces of 
the acetabulum. One advantage of this is that the fit between head and 
acetabulum is somewhat better, and bony union is more likely to occur 
over tlie area where it is particularly required (see fig. 2345a). 

The head is replaced in the acetabulum and fitted in ; if bony sur- 
faces do not come in contact, further trimming is necessary. Stitches 
through the capsule help to hold the bones in apposition. The limb is 
then held by the assistant in slight abduction and flexion, and the great 
trochanter is brought back on to the femur. It is usually found that 
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if this is placed on its old seating, the muscles will be lax, and that by fix- 
ing it further down the femur the head will not only be held better against 
the acetabulum but the abduction will be maintained ; hence, a new 
bed is made for the trochanter lower down on the outer side of the shaft 
of the femur where it is fixed by two pegs or nails ; the muscles are 
united with stitches and the wound closed. There is no doubt that a 
proportion of cases do not obtain bony union after this operation so 
that it is advantageous to employ extra-articular fixation as welh 

Extra-articular Arthrodesis. Technique. This operation consists in 
the formation of a bridge of bone between femur and ilium to prevent 
movement at the hip ]oint. Various methods have been described as 
the evolution of this operation has developed, and the type of operation 
must depend on the condition of the patient and the nature of the 
lesion for which it is carried out. 

Two types of operation are frequently employed : 

(1) When the bridge is taken from the femur or the ilium ; and 

(2) When the graft is from the tibia. 

If the condition is carried out for tuberculosis, tuberculous bone 
should not be used and the graft should not extend through the joint ; 
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whereas, if it is carried out for non-suppurative arthritis, the strongest 
arthrodesis will be made by a “ bridge-graft ” from the ilium to the 
trochanter, resting directly on the neck of the femur. 

Technique of Hibbs * operation. The lateral approach with, the linear 
incision is employed by most surgeons. The muscles are separated in the 
interval between the gluteus medius and the gluteus inaximus, and the 
capsule of the joint is exposed. The anterior half or more of the great 
trochanter and 2 to 3 inches of the adjoining femoral shaft are removed 
with a thin osteotome and separated in the form of a wedge. A flap 
of the ilium is turned up from above the acetabulum, the base of the 
flap being left attached. The wedge of femur is then swung round so 
that the pointed portion from the shaft fits into the ilium. The flap 
of ilium is pressed down on to the bridge and stitched over it. The 
stitches are also applied to keep the trochanter on the femur. As 
Hibbs describes this operation, the upper surface of the neck of the 
femur is also removed and the graft rests directly on the neck of the 
femur; this makes a firm arthrodesis, but should not be employed in 
cases of tuberculosis. Muscles are stitched back in place and the wound is 
closed. If there is deformity, an osteotomy must be performed later 
unless an intra-articular operation has been carried out at the same time. 

Technique of osteoplastic flap from the ilium ( after Mathieu and 
Wilmoth). The hip joint is exposed as for intra-articular arthrodesis of 
the hip by the removal of the great trochanter. A flap of bone is turned 
down from the ilium and fixed between the trochanter and femur. It 
is important that the flap from the ilium should keep good contact 
with that bone, as it is inclined to get away. If it is loose it should 
be fixed back by other portions of bone removed from the ilium 
(see fig. 2346). 

Technique of Albee's operation. The hip joint is exposed but the 
trochanter is not removed. A graft is cut from the tibia and driven 
through a tunnel in the great trochanter so that it lies deep to tlio 
muscles along the neck of the femur and passes into a hole which is 
made in the ilium above the acetabulum. This operation can be 
modified by using a portion of free graft from the femur. This consists 
of the middle third of the great trochanter and upper portion of the 
shaft of the femur ; the graft is turned round so that the portion from 
the shaft is driven into the ilium, and the middle portion of the tro- 
chanter is again fitted in between the two sides of it which were left 
standing after the graft was cut. This latter appears to be the easier 
operation, but the size of the bridge formed is not so large as in the 
operation of Hibbs though it fits well, whereas the Hibbs’ graft docs not 
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fit easil y unless the upper surface of the neck of the femur is removed 

(fig. 2347). 

It is important to realise that the relationship of the femur and the 
ilium must be accurately maintained while the wound is closed, dressings 
applied and a plaster-cast made. It is of great assistance if the plaster 
bed is made before the operation so that the patient can be put directly 
into it. Further, the operation is a severe one for the type of patient 
who needs it. so that the additional exposure and length of anaesthesia 
necessary for the application of plaster at the end of the operation are 



to be avoided. It is seldom that osteotomy and extra-articular 
arthrodesis can be carried out at the same time. In tuberculous 
cases, surgeons difier in their opinion as to whether osteotomy should 
be done first or subsequently. In the osteo-arthritic case, this can 
be avoided by combining intra- and extra-articular arthrodesis. In 
every case the plaster must include the foot and leg of the affected 
side, extending to the knee on the unaffected side and upwards round 
the lower portion of the thorax. A deep plaster trough — of the plaster- 
bed type — is most suitable, and can be employed until the patient is 
allowed to get np. It is advisable that a short spica should be worn 
when the patient is getting about on crutches for the first few weeks. 
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Bifurcation operation. This operation, associated with the name of 
Lorenz, is employed both in adults and in children. In the former it is 
suitable for cases of osteo-arthritis of the hip joint and for un-united 
subcapital fractures of the neck of the femur ; in children it has been 
employed in cases of unreduced congenital dislocation of the hip joint. 
The operation causes only a small degree of shock, takes a short time to 
carry out, and is accompanied by little haemorrhage. As an operative 
procedure, the dangers are few compared with arthrodesis of the hip. 
More successful results will follow an “ open ,J osteotomy than one 
carried out through an incision limited to the size of the osteotome. 

Technique. An incision is made along the outer side of the line of 
the femur, 5 inches from the tip of the trochanter downwards. Dis- 
section is carried out on the front of the femur, so as to appreciate the 
level of the small trochanter and the neck of the femur. With a broad 
osteotome, the femur is divided upwards and inwards. The bone 
incision starts below the great trochanter and ends above the small 
trochanter. The lower fragment is pushed inwards and upwards, 
whilst the assistant abducts the limb. The fragment should be dis- 
placed so that it rests outside the capsule, below the lower border of 
the acetabulum. For the success of the operation, union must occur 
between the two divided fragments in the altered position. 

After closure of the wound, the limb is secured in plaster, which must 
include the lower part of the trunk and the thigh of the other limb. 
Abduction is not required, the limb being square to the trunk. After 
two months, an ambulatory plaster spica is employed (McMurray). 

Arthroplasty of the hip. Indications : (1) Double ankylosis of the 
hips ; (2) Limited painful movement in cases of arthritis, (a) subsequent 
to infection whew it is certain that the infective condition is healed, 
and (6) in picked cases of osteo-arthritis of the atrophic type ; (3) 
Rarely in cured tuberculous arthritis. 

Undoubtedly this operation is called for most frequently in cases of 
double ankylosis. Murphy found that the hip joint gave him the best 
results in arthroplasty. 

Technique. The hip joint is exposed by the “ goblet incision ” using 
the lateral approach, or by the antero-external incision according to 
the choice of the operator. The former probably gives the better 
exposure. After removal of the great trochanter, the hip joint is 
exposed. If ankylosis is firm, it is necessary to separate the femur from 
the pelvis by cutting away the upper and posterior surfaces of the head 
of the femur and then the lower portion of the head. A large gouge 
will then cut through the deep surface of the head, and with a little 



4336 


POST-GRAD CATE SURGERY 


force the remainder of the head can be fractured. If the head is not 
ankylosed, it is dislocated from the acetabulum. The head of the femur 
is then reshaped and a deep hollow made in the acetabulum. Careful 
cutting with a gouge will be as effective as the use of the special bits 
and a brace which have been devised for this purpose. It is important 
to smooth the acetabulum and the bony surfaces, to see that there is a 
big gap between the head and the acetabulum, and to remove all loose 
bony particles from within and around the hip joint. A piece of fascia 
lata, which should measure about 4 inches by 3} inches, is now cut from 
the thigh. This is placed over the head of the femur and stitched round 
the neck with a purse-string suture. The head is returned to 
the acetabulum, the trochanter replaced and the wound closed. 
The limb is extended on a Thomas splint. A moderate amount of 
abduction is used and 1 5-lb. traction for three weeks. The extension 
is then removed and the patient encouraged to contract the thigh 
muscles. He may get up in six weeks with crutches, and start to bear 
weight in eight weeks. 

irAf/»HO« s reeoiiiiniciion operation. This was originally devised for 
un-united fracture of the neck of the femur, particularly when the neck 
had been considerably absorbed. It is also employed for some cases 
of monarticular hypertrophic arthritis. 
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Technique. Whitman employed a semicircular incision similar to 
the upper part of the goblet incision, but the incision crossed the femur 
3 inches below the apex of the trochanter. The interval between the 
tensor fascia femoris and the gluteus medius is opened and the capsule 
exposed. With a broad chisel, the base of the trochanter is cut through 
in the line of the neck and is turned upwards with the muscles 
attached. The capsule is opened and the greater part of the head 
removed so that all cartilage, marginal 
exostoses, and as much of the underly- 
ing bone as may be affected in the 
degenerative process, are removed. In 
most instances, Whitman removed the 
whole head. The end of the neck or re- 
mains of the head is smoothed and re- 
inserted into the acetabulum. A thin 
section of bone is turned back from the 
upper and outer surface of the shaft of 
the femur and the limb abducted. The 
trochanter is then fixed to the bare sur- 
face on the outer part of the shaft by 
deep sutures or a peg. The wound is 
closed, and a long plaster spica is applied 
in extension and abduction. Whitman 
appears to vary his after-treatment, 
allowing some patients to walk in a 
short spica and crutches after a few 
weeks, while others are kept recumbent 
until it is certain that the trochanter 
has united to the femur. Subsequent 
to this operation, it is most important 
that there should be persistent stretching 
of the limb in the direction of abduction and extension in order to 
prevent the limb from becoming flexed and adducted. 

After any operation on the hip joint, the majority of patients arc 
more comfortable if they wear a caliper for some months after the 
operation. 

KNEE JOINT 

Arthrolomy is required for : 

(1) Suppurative Arthritis. The operation is described in Vol. II, 
page 3428. It is undesirable to divide the Iigamentum patellai in order 
to drain the joint ; such an exposure seldom produces better drainage, 
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and the risk of fixation of the knee in the flexed position which is 
employed after this incision is considerable. It is doubtful if a limb 
is saved by this procedure, and it is to be condemned. Drainage of the 
knee joint in an adult, when pus is present in the joint, is usually 
followed by ankylosis ; it is to the patient’s advantage if this ankylosis 
is bony with the knee fully extended or flexed only a few degrees. 

(2) Exploration of the Joint. 

(а) For diagnostic purposes ; 

(б) For removal of loose bodies. 

A tourniquet is used, and the knee is placed on a rest or over two 
sand-bags so that it is flexed to about a right angle. An incision is 
made along the inner side of the patella and suprapatellar pouch. 
The capsule and synovial membrane are divided about |-inch medial 
to the patella. Through this incision it is possible to examine the 
synovial membrane, the cartilaginous surface of the femur, and the 
anterior portion of the internal semilunar cartilage. 

The technical portion of the operation is now carried out, such as 
removal of synovial membrane for examination. The wound is closed 
in two layers, synovial membrane being stitched with a continuous 
suture and the capsule with the same piece of catgut or a second suture 
of similar nature. A pressure-bandage is applied and no splint employed 
unless the condition is likely to be painful. 

Loose bodies may be removed through the approach just described. 
If a loose body remains in one situation and is palpable through the 
skin, an incision should be made directly on to it, but where many 
loose bodies are present, an endeavour should be made to remove them 
through one incision. If it is possible to count how many are present 
in the X-ray picture, they should be recounted as they are removed. It 
may be advisable to make a second incision on the other side of the 
joint. For a loose body which cannot be found, there is probably no 
better method than forcible flushing with saline by means of a sterile 
Higginson syringe. 

If a loose body is in the posterior part of the knee joint, it is neces- 
sary to remove it through a posterior incision. The patient is placed 
on his face with the knee extended. An incision is made just to the 
outer side of the mid-line and extending for the length of the popliteal 
space. The external popliteal nerve is exposed and drawn outwards. 
The internal popliteal nerve and vessels are drawn inwards. Care 
should be taken not to divide or injure the communicaus fibularis and 
comimmicans tibialis nerves. The knee joint is then flexed and the 
space between the two retractors dissected down to the posterior liga- 
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ment; tliis is incised from above downwards, the loose bodies are 
removed, a stitch is placed in the capsule, the popliteal fascia is 
reunited, and the wound is closed. 

The approach to the knee joint by splitting the patella is undesir- 
able as the injury to the joint is considerable and the risk of traumatic 
arthritis after the operation is far greater than when the joint is opened 
through the soft tissues. When, it is necessary to expose the joint and 
displace the patella laterally, this can be carried out by a loug incision 
through the soft tissues to one side of the patella. {See also Vol. II, 
page 3387.) 

(c) Removal of the internal and external semilunar cartilages. This 
has been described in VoL II, page 3365. 

(d) Reconstruction of crucial ligaments. Rupture of the crucial 
ligaments and fractures of the tibial spine may either be associated or 
exist alone. The condition is a serious one. 

The diagnosis of ruptured crucial ligaments is made on : (i) the 
history of a severe injury to the knee ; and (ii) finding that the tibia 
can be moved forwards or backwards, or rotated inwards when the leg 
is fully extended. 

When the anterior crucial ligament is torn, it is found that the tibia 
will move forwards on the femur when moved passively with the leg 
extended, whereas in a posterior crucial ligament injury, the tibia can 
be displaced backwards when the knee is in the flexed position. It is 
doubtful if the latter injury occurs alone. 

Laxity of the joint due to chronic disease (such as Charcot’s disease) 
can be easily excluded. If, after an injury, laxity of the type described 
is present, but the knee cannot be extended, there is likely to be a 
fracture of the tibial spine. 

The joint will be swollen owing to haemorrhage and synovial fluid 
and will be painful, as after any serious injury to the knee. 

Treatment. Fracture into the joint is excluded by a skiagram. The 
treatment of a fractured tibial spine is considered on page 4491. 

An anaesthetic should be given, and the limb put in plaster which 
should include the thigh and foot. The knee should be extended at 
ICO degrees and the foot placed at a right angle with the leg. The 
patient is allowed to get about with crutches and with a patten on the 
opposite shoe. This plaster should remain on for three months. After 
that time, faradisni should be employed for the quadriceps and active 
exercises for the knee. Stiffness is likely to be present for at least 
another eight weeks. 

This treatment will result in a good knee in a number of patients 
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under the age of thirty, but in others there will be a partly flail knee, 

some having periodic distension of the joint with effusion. 

If this treatment fails, an apparatus of the knee-cage type, with a 
lock to limit full extension, may be employed. Operative repair of a 
tom crucial ligament causing a flail knee with severe functional defect 
has been carried out. 

The operation of reconstruction of ruptured crucial ligaments is 
diffi cult. Although some good results are reported, it must be con- 
sidered still to be on its trial and should certainly not be advised unless 
adequate treatment on the lines suggested has been tried and failed. 
The principles of the operative reconstruction are : (1) Large exposure 
of the joint as for arthroplasty (see page 4343 and fig. 2352). The 
“ split patella ” approach should be avoided. (2) A strip of fascia, 
such as the ilio-tibial band, is passed through drill holes in the femur 
and tibia, to replace the anterior crucial ligament. (3) The fascia is 
pulled tight with the knee at ICO degrees and fixed extra-articularly, 
preferably by a bone peg knocked into the drill holes. (4) Fixation in 
plaster with the knee at ICO degrees for six weeks. (5) Physical 
treatment with knee support until the knee is strong. 

Reconstruction of the posterior crucial ligament is very rarely required, 
but has been carried out on similar lines. 

Arthrodesis. Indications : ( 1 ) Tuberculosis. In children this is 
seldom employed, but in adults it is the routine treatment of tubercle 
of the knee. (2) Fibrous ankylosis which has been painful, or when 
there is a tendency to flexion deformity. (3) Disorganisation of a joint, 
e.g. Charcot's disease. (4) Flail knee joint complicating paralysis, such 
as anterior poliomyelitis. Most surgeons order a caliper splint but others 
practise this operation. 

When the operation is carried out for tuberculosis, the object is two- 
fold : (a) to remove the diseased area, and (b) to produce bony ankylosis. 

AVhen the operation is performed for other causes, bony ankylosis 
is the sole object ; consequently, in cases of tuhercnlosis a careful dissec- 
tion of synovial membrane is necessary, whereas in the other cases if 
bony surfaces are brought into apposition the object will be achieved. 

Technique. A tourniquet is applied, and the knee is placed over 
sand-bags. A U-shaped incision is employed, extending from above the 
adductor tubercle vertically downwards crossing the front of the tibia 
over the insertion of the infrapatellar ligament, and upwards to above 
the external condyle. In a tuberculous case, any sinuses should be 
excised when the skin incision is made. The skin flap is dissected 
upwards, and the capsule and lig amentum patella are divided in the 
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same line as the skin incision and turned upwards. If the operation is 
being carried out for tuberculous disease, the cartilage is removed from 
the patella with a saw, or the patella is excised, and the synovial 
membrane dissected out in one piece from the suprapatellar pouch. 
The semilunar cartilages and crucial ligaments are removed and the 
synovial membrane dissected from the sides of the joint. The leg is 
pushed backwards so that the condyles of the femur rest on the tibia. 
With a saw, the lower end of the femur is removed. If there is little 
destruction of cartilage and bone, it may not be necessary to remove 
more than one-third of the condyles, but it is essential that the disease 
should be eradicated and that the saw-cut should be in the same plane 
as the original joint line. It is often necessary to excise the anterior 
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portion of cartilage by a second saw-cut in the long axis of the bone. 
The tibia is then brought out into the wound and a thin slice removed 
from the upper surface. If tuberculous foci extend into the shaft, 
they can be gouged out or more bone can be cut away. The 
femur and tibia are separated and synovial membrane is dissected 
from the back of the joint. The leg is then extended and the divided 
surfaces of femur and tibia placed in apposition to test if the limb is 
straight. It is advisable that the thigh and leg should be straight or 
flexed only a few degrees. The femur and tibia are then fixed together 
by bone pegs J-inch in diameter or by thin steel pins, these being 
driven in through the tibia into the femur in a cross fashion. It is 
often easier to do this through incisions below the large one already 
made. It is most important that the tibia and femur should be kept 
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fi rml y together whil e these pins are driven home. The wound, which 
is made neater by trimming away superfluous capsule and skin, is then 
dosed. The dressing is applied, the tourniquet removed, and the 
limb fixed in plaster-of-Paris, including the foot. 

Some surgeons cut the bones so that the lower surface of the femur 
is rounded and the upper surface of the tibia concave. This prevents the 
tibia from slipping back on the femur, but the Litter will not occur if 
pegs or pins are used. If it is considered advisable to employ a drainage- 
tube for forty-eight hours, it is probably wiser not to place the limb in 
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plaster-of-Paris but on a Thomas splint. If this method of fixation is 
employed, the posterior half of the limb can be pLiced in a shell of 
plaster and a 4-lb. weight extension used to keep the limb stilL What- 
ever form of fixation is employed, the limb should be raised in bed so 
that the weight of the leg tends to keep the tibia against the femur. 
Some surgeons advocate that the pelvis should be included in the plaster. 
After two to three weeks, the stitches are removed and a planter-cast is 
applied from the top of the thigh, including the foot, preferably raider 
an anaesthetic. It is advisable that the patient should remain recum- 
bent for twelve weeks. The plaster is then removed, and an .X-ray 
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photograph taken to ensure that bony union is secure before the patient 
is allowed to walk. 

Arthroplasty of the knee. Before contemplating this operation it 
should be realised that a stiff knee due to bony ankylosis in a good 
position performs excellent function. If arthroplasty is carried out, it 
is essential that after the operation the joint should be painless and 
stable. The majority of surgeons prefer to convert fibrous ankylosis 
into bony ankylosis rather than risk an arthroplasty, which may do 



little beyond returning the limb to the condition which obtained prior 
to operation (fig. 2352). 

This operation has been practised for nearly forty years, but stable 
knees with a good range of movement were seldom reported until 1920 
when Putti recorded 10 cases: the average age of these patients was 
22 ; the largest range of movement obtained was 100 degrees, the 
smallest 50, and the average 82. 

Technique. The incision used is a long antero-lateral one extending 
forwards across the front of the leg below the tibial tubercle. The 
tibial tubercle is detached with the infrapatellar ligament. Care 
should be taken to preserve ligamentous structures if this is possible. 
The joint is exposed and the ends of the femur and tibia shaped. The 
lower end of the femur is remodelled so that it is similar to the end of a 
normal femur, the groove between the condyles being well deepened. 
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The transverse diameter of the condyles is preserved but the antero- 
posterior diameter is decreased- Some surgeons aim at a V-shaped 
lower end of the femur, both in the antero-posterior and lateral planes. 
Part of the pat ella may have to be cut away, but it should never be 
completely removed. The spine of the tibia is made sharp. Prom the 
upper part of the lateral incision, fascia lata is cut, one sheet being fixed 
round the lower end of the femur and another piece over the top of the 
tibia. No patellar flap is used. If the extensor apparatus appears short, 
the quadriceps tendon is lengthened by the Z method. The wound is 
closed, and the leg and thigh are placed in a plaster gutter splint, semi- 
flexed with a 10-lb. extension applied to the leg. After two weeks the 
plaster is removed and the knee suspended to an overhead frame with 
a strap and pulley. In six weeks the patient walks with a caliper, 
but does frequent exercises. At the end of three months, function 
should be good. 

Synovectoni >j. This operation is indicated in cases of chronic arthritis 
of non-suppurative type when there is a persistent large effusion 
associated with thickening of the synovial membrane. In this type of 
osteo-arthritis of the knee, there is generally some affection of articular 
cartilage and underlying bone, but the latter does not form such a 
prominent feature of the pathological changes as does the synovial 
thick ening . Great improvement in the condition of many knees results 
from synovectomy but others return to the condition that was present 
prior to the operation. Experience is not yet sufficient to be dogmatic 
as to which cases are likely to improve. 

Technique. A large incision is necessary. A long lateral incision 
curving forward over the tibia below the tibial tubercle is suitable, or 
a half ellipse with the concavity looking inwards. A half ellipse with the 
concavity looking outwards is undesirable, as sloughing of the flap may 
occur from lack of blood supply. The tibial tubercle is removed and 
the lateral portion of the capsule incised so as to turn up the extensor 
apparatus. The synovial membrane is dissected out in one sheet if 
possible, care being taken to remove all membrane from the supra- 
patellar pouch. The se mil u n ar cartilages, the crucial ligaments and the 
posterior portion of the knee joint are not touched. The suprapatellar 
pouch is diminished in size by catgut stitches, the capsule closed 
laterally, and the tibial tubercle fixed back in position. The limb is 
placed in a gutter plaster splint for two weeks, after which time move- 
ments can be commenced. Active movement should be encouraged as 
soon as the patient is capable of performing it. Manipulation to break 
down adhesions under an anaesthetic is not desirable. 
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The operations for fractured patella and for other conditions of the 
knee joint, including lateral dislocation of the patella, are described in 
Vol. II, page 3390. 

ANKLE JOINT 

Artkrotomy is required : 

(1) For removal of loose bodies from the ankle joint (such as a 
separated portion of articular cartilage and bone) ; and 

(2) For suppurative arthritis. 

The ankle joint can be approached from the front from either the 
inner or the outer side by incisions placed in front of the malleoli. 
Whenever possible, the outer incision is to be preferred. This extends 
along the anterior border of the lower quarter of. the fibula lateral to 
the peroneus tertius. The tendon of this muscle is retracted medially, 
and the capsule of the joint is incised from above downwards. If 
sufficient exposure of the joint is not obtained, the anterior part of 
the capsule should be raised from the tibia. After closure of the wound 
it is important that the foot should be placed in plaster at a right angle 
to the leg. 

When suppurative arthritis is proved by aspiration of the joint, 
the incisions are made where the distension is most obv ions. If possible, 
drainage is provided posteriorly by an incision made on each side of the 
tendo Achillis. Anterior drainage is not satisfactory as the tendons 
are likely to fall over the incision in the capsule and thus prevent 
efficient drainage. The foot should be immobilised at right angles to 
the leg. 

Arthrodesis. Indications : 

(1) Traumatic arthritis, particularly associated with malunion of 
fractures of the ankle joint ; 

(2) Fibrous ankylosis which is painful ; 

(3) Ankylosis in faulty position. 

Technique. The outer anterior incision 4 inches long is used. The 
tendons are drawn medially and the joint exposed. The articular 
cartilage is removed from the upper surface of the astragalus, from the 
lower surface of the tibia, and from the malleoli (see fig. 2353). It is then 
found that the astragalus is too loose in the mortice ; it is therefore 
advisable to perform an osteotomy of one or both malleoli so that they 
can be pushed inwards and outwards to fit snugly against the astragalus. 
The position of the foot is then tested, as it is desirable to arrange the 
bones of the ankle joint so that the foot is in a few degrees of equinus. 
The wound is closed, and the leg and foot are placed in plaster. The 
plaster is changed at the end of two weeks when a tightly-fitting 




months. 

When the operation is carried out for ankylosis in faulty position, 
a wedge-shaped portion of hone is removed with the thick end of the 
wedge fcrward. 

Arthrodesis of the ankle joint may be performed by driving a bone 
graft transversely through the fibula, the tibio-astragaloid joint line 
and the internal malleolus. 


Arthroplasty. The functional value of an ankylosed ankle joint in 
good position is so great that arthrodesis is always preferable to arthro- 
plasty. The possibility of an arthroplasty producing a stable and pain- 
less joint is so small that the operation is not advised. 


JOINTS OF THE FOOT 

In cases of paralysis, particularly infantile paralysis, stabilising 
operations on the foot are of great value when the foot is flail. They 
serve an equally good purpose when the foot is drawn into valgus or 
varus owing to paralysis of one or more groups of muscles. These 
operations should not he carried out on very young children owing to 
the interference with the growth of the foot and because further 
recovery of the muscles may occur. Experience has shown that, in 
cases of paralysis, arthrodesis of one joint only (such as the astragalo- 
scaphoid) does not prove satisfactory. 

The best results are probably obtained by triple arthrodesis (Dunn’s 
operation). In some cases an operation on the tarsus is of value in 
cases of dropped foot, and a number of surgeons employ astragalectomy 
(Whitman’s operation) for calcaneo-valgus and other deformities of the 
foot. 
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Triple Arthrodesis of the Foot (Dunn's operation). This is indicated 
particularly in cases of flail foot and deformities due to partial paralysis 
of the foot. Some surgeons employ it for abnost any deformity of the 
foot and in spastic deformities, but it is not the operation of choice in 
cases of pcs cavus (see Vol. II, page 3356). 

Technique. A tourniquet is employed, and the inner side of the 
foot is laid on a sand-bag. 

The original skin incision employed was from in front and above 
the external malleolus to the dorsal surface of the base of the 5th meta- 
tarsal bone. However, most surgeons prefer to use a flap, the convex 
surface downwards ; this extends from behind the external malleolus 
downwards and forwards and then across the dorsum of the foot. 
The flap is turned up, the extensor brevis digitoruin is exposed, its 
origin from the os calcis is separated, and the muscle pushed forwards. 
The calcaneo-cuboid joint is exposed ; with a thin osteotome the articu- 
lar surface and a small piece of bone are removed from the front of the 
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os calcis and the hack of the cuboid. The amount of bone thus 

removed will determine the total shortening of the foot. 

With a periosteal elevator, the tissues are separated from the 
head of the astragalus and scaphoid. The anterior tibial group of 
tendons is retracted inwards. With a gouge, the articular cartilage 
and a small strip of bone are removed from the front of the astragalus. 
With the same gouge, the articular cartilage and a small piece of bone 
are removed from the proximal portion of the three cuneiform bones. 
This will make it possible to remove the scaphoid and the divided 
portion of the cuneiform bones. The removal of the scaphoid may be 
somewhat difficult owing to the attachment of the spring ligament and 
the insertion of the tibialis posticus. There should he a gap now between 
the bare surface of the head of the astragalus and the bases of the cunei- 
form bones. If these do not appear to fit, more bone should be removed 
until the depression in the cuneiform bones corresponds to the shape 
of the neck of the astragalus. The interosseous ligament is cleared from 
between the astragalus and os calcis so as to expose the joint surfaces. 
These are removed with a thin-bladed osteotome, both from the lower 
surface of the astragalus and from the upper surface of the os calcis. It 
is important that these bones should fit together, and allowance must 
be made for the deformity which was present before the operation. 

The foot is then displaced backwards at the subastragaloid joint and 
is examined to see if it is square. The extensor brevis is stitched back 
and the wound closed . Plenty of cotton wool is employed in the dressing 
before the plaster-of-Paris cast is applied : this should extend from the 
knee and include all the foot. At the end of two weeks the plaster.is 
removed, the stitches takeu out, and a more closely-fitting plaster is 
applied , this is kept on for three months. If the foot is not square 
when the stitches are removed, an anaesthetic must be employed in 
order to put the foot in satisfactory position in the second plaster-cast. 
It should be noted that : (1) The ankle joint i3 not opened ; (2) the 
shortening of the foot depends on the amount of bone removed from the 
os calcis and cuboid ; and (3) the displacement of the foot backwards 
depends on the amount of bone removed from the inner side of the foot. 

In valgus deformity when the peronei are active, it is usually advis- 
able to transfer the tendons of the peronei to the inner side of the heel 
or of the tendo Achillis. This should not be done at the same time as 
the stabilisation, but can be carried out a month after that operation. 

Drop fool operation { Lambrinudi ). This consists in an arthrodesis 
of the subastragaloid joint with the formation of a natural bone block. 
The operation is indicated for any degree of drop foot due to paralysis 
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of the dorsiflexors when there is an associated varus or valgus deformity. 
The gastrocnemius muscle should be functioning. 

Technique. A tourniquet is applied, and the foot is placed on a sand- 
bag with the outer side facing the operator. The incision is along the 
posterior border of the fibula round the external malleolus extending 
forward to the centre of the foot over the metatarsus. The skin and 
soft parts are dissected forward so that the ankle is exposed, but the 
ligaments of the ankle joint are left intact. The astragalo-scaphoid 
joint is exposed and opened. A knife is carried under the neck of the 
astragalus, and the interosseous ligament between the astragalus and the 
os calcis is divided. The subastragaloid joint is freely opened and the 
forepart of the foot displaced inwards. The articular cartilage is removed 
from the upper surface of the os calcis and from the lower surface of the 
astragalus. A notch is cut in the postero-inferior aspect of the scaphoid. 



Fig 2335— Drop toot orERATlo* [Lombrtn u<ii). 
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The neck of the astragalus is then divided obliquely as is shown in 
figure 2353. The top of the neck of the astragalus is then fitted into 
the notch in the scaphoid. The foot is now placed so that it is just 
below a right angle to the leg ; this will tilt the astragalus forward so 
that there is a gap between the back of the astragalus and the upper 
surface of the os calcis. This gap is filled in by the piece of bone, which 
formed the head of the astragalus, after the articular cartilage has been 
removed from it. The wound is closed, and plaster-casts are applied in 
a similar way to that employed after Dunn’s operation. 

Astragalo-scaphoid Arthrodesis. This operation is employed in cases 
of spasmodic flat foot, when there is arthritis in the joint between 
astragalus and scaphoid, and for arthritis if the joint is painful. Some- 
times fixation is more readily achieved if the calcan co-cuboid joint is 
arthrodesed at the same time. 

An incision 3 incites long is made along the inner border of the foot 
with the centre over the joint. The tibialis anticus muscle Is retracted. 
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the joint is defined, and the articular cartilage removed font the head 
of the astragalus and back of the scaphoid. The foot is adducted so 
that the surfaces come in contact. If there is a gap when the foot is 
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placed in the required position, the calcaneo-cuboid joint must be fixed 
through a separate incision. 

A small graft of bone, 1 inch long by a £-inch, is cut from the inner 
side of the neck of the astragalus and fixed to the inner side of the 
scaphoid and astragalus to keep them in the required position. 

After closure of the wound the limb is put in plaster until a skiagram 
shows that bony union is firm. This may take three months. 
Operations for hallux valgus are described in Vol. II, page 3348. 
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CHAPTER III 

Tumours of Bone 

A. SIMPLE TUMOURS 

Simple tumours are Osteoma, Chondroma, .and Fibroma. 

OSTEOMA 

A compact osteoma grows on bones developed from membrane ; it 
is a sessile tumour occurring on the skull, and is frequently called an 
ivory exostosis owing to its density being compared to ivory. It is 
usually single and most commonly grows slowly on the frontal and 
parietal bones. It is not attached to overlying structures but is 
adherent to the bone from which it arises. This growth may be found in 
the frontal sinus, in the walls of the external auditory meatus, or in the 
roof of the orbit. An osteoma occurring in one of these situations is 
liable to grow to remarkable dimensions, destroying the surrounding 
tissues and even encroaching on the cranial cavity. Pressure may be 
caused on the frontal lobe of the brain, and the eye may be destroyed 
by a tumour in the frontal sinus or orbit. This growth does not undergo 
malignant change, but after a number of years a portion may become 
separated and fall off owing to strangulation of its own blood supply. 

Treatment. The removal of a compact osteoma is difficult owing to 
its density. Removal is only advocated when symptoms, such as 
deafness— as might be caused by such a growth in the external auditory 
meatus — necessitate operative interference. If the base of the osteoma 
can be located, this should be drilled in a number of places and the 
tumour then be removed with a mallet and chisel. 

The cancellous osteoma ( exostosis ) is common and is met with at 
the ends of long bones. Its formation occurs before the epiphysis has 
joined the diaphysis ; in the first place it consists of cartilage only, so 
that it is often called an ossifying chondroma. Such tumours are most 
commonly found at the lower end of the femur (fig, 2357), the upper end 
of the tibia, and the lower end of the radius. One bone only may he 
affected, but frequently a number of bones are found to have this 
tumour at their growing ends. The exostosis is usually pedunculated 
and remains capped with a layer of cartilage. It ceases to grow when 
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the epiphysis becomes fused with the diaphysis. It is usual to find that 
a bursa has formed between the cartilage cap and the surrounding 
tissues. When situated around the neck of the femur, the tumour tends 
to be of an irregular shape, often having a broad base, and in this situa- 
tion it may grow to a considerable size (see fig. 2358). 

Symptoms. Osteomata themselves are painless, and patients seek 
advice owing to the presence of the swelling, its increase in size, or 
because it gets in the way. The tumour seldom presses on nerves, but 
it may interfere with the movements of the joint or the smooth working 


Fig. 2357 —Pedc-.ce laud iios- 
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SHOWN COVERED WITH A CARTILAGE 
CAT 
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of a muscle passing over it. The bursa may increase in size and be 
painful if the part is knocked. 

Treatment. Parents often ask for these growths to be removed 
from their child without their having caused any symptoms, and the 
removal under this circumstance is quite justifiable ; likewise, removal 
is advocated if any of the symptoms previously described are present. 
If the tumour is not found until adult life and is then causing no incon- 
venience, there is no reason to advise its removal as malignant change 
does not occur. 

Operation. A tourniquet is used if possible. An incision is made in 




4354 POST-GRADUATE SURGERY 

the line of the bone over the tumour, the muscles are separated and the 
growth exposed. Dissection is carried oat until the pedicle is defined. 
The periosteum is divided with a knife around the base of the pedicle 
and pushed aside for a short distance. The pedicle is then divided 
with a chisel so that the contour of the bone is reduced to its normal 
size. The tumour and bursa are then removed, the wound closed, and 
the limb bandaged firmly. As a rule, this operation is simple, and 
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difficulty only arises when the swelling is large and situated in an area 
which is not easy to approach. This is particularly so if there is no 
pedicle and if the growth occurs in a situation such as the upper end of 
the femur. 

Subungual exostosis is a tumour growing from a distal phalanx, 
usually that of the big toe. Although it is possibly an osteoma, chronic 
irritation from the boot may be a factor in its origin. It usually grows 
to the size of a pea and appears between the nail and the nail-bed on 
the inner side of the big toe. Occasionally it is seen in the outer side 
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of the little toe under the nail. Ulceration may occur, and infected 
granulation tissue then forms around the tumour. 

The treatment consists in removal of the nail and exostosis. In 
view of the fact that a normal nail does not always grow after this 
operation on the big toe, it is advocated that the terminal phalanx 
should he excised with the nail-bed. Such an operation is only suitable 
in the absence of infection around the tumour. 

Multiple exostoses ( diaphysial aclasis ) is the name given to a condi- 
tion affecting the ends of a number of long bones. The patient is short 
in stature, and the end of each bone affected is enlarged by knob-like 
projections. The cause of the condition is not known, but it appears 
that the ends of the bones are deformed owing to the modelling process, 
normally carried out by the sheath of periosteum, being in abeyance. 

Treatment is generally not required. 

CHONDROMA 

Although certain characteristics are common to all chondromata. 
they must be considered in three categories : (1) Multiple tumours of 
the long bones of the hand and foot. (2) Single tumour of a long bone. 
(3) Single tumour of the thorax or pelvis. Rarely, a chondroma is found 
in the skull, usually in the region of the ethmoid bone. When occurring 
in the skull, symptoms of a cerebral tumour may be produced. A 
chondroma growing from a vertebra is occasionally seen. 

Chondromata are usually encapsuled by fibrous tissue. The carti- 
laginous mass grows slowly and is generally lobulated. Calcification 
occurs especially in the fibrous septa, and the matrix between the cells 
may undergo mucoid or calcareous degeneration. 

(1) Multiple chondromata of the hand and foot are probably a type 
of dysch on drop jasia. These tumours sire seen on the pAatenges, meta- 
carpal and metatarsal bones in both children and adults. In this 
situation there may be a single tumour or there may be a large number. 
The growth arises from the centre of the shaft, often near the epiphysial 
plate, and expands the bone. Some appear to be centrally placed, while 
others seem to protrude on one side of the bone, usually near the joint. 
The single centrally-placed tumour of a “ short long hone ” is probably 
more akin to the single tumour of the femur or tibia than a manifestation 
of dyscliondroplasia. 

The symptoms produced arc due to displacement of surrounding 
tissues, to disability from the size of the tumour, or to the occurrence of 
a pathological fracture. These growths never become malignant. The)’ 
do not give a well-defined shadow in the skiae— although frenuentlv 



4350 POST-GRADUATE SURGERY 

tie line of demarcation between tbe tumour and bone is well defined 
The destruction of the bone is seen, and such areas as are calcified 
show up clearly. If a portion of the chondroma ossifies, this produces a 
characteristic picture, and this occurs more often in a single tumour of 
one of the small bones of the hand or foot. Hence such a growth may be 
more aide to the cancellous osteoma. 

The differential diagnosis is easy when the tumours are multiple. 
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When only one swelling is present, difficulty in the diagnosis may arise, 
but it should be easy to determine that the swelling is in connection 
vdth tho bone •, thus ganglion and tendon-sheath tumours are excluded. 
Inflammatory conditions of a small bone seldom affect only a portion 
of the shaft. The skiagram usually shows destruction of bone and 
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opaque areas due to calcification. Tumour substance is not visible. A 
giant-cell tumour is rare in these small bones, and presents somewhat 
similar signs and X-ray appearances. In this case expansion of the bone 
is usually evident, whereas in a chondroma the X-ray appearance 
suggests that a piece of the bone has been punched out. Fibrocystic 
disease of a metacarpal has similar characteristics, and a pathological 
fracture may occur in this condition also. The area of the cyst is less 
opaque than in a chondroma. 

Treatment . When the tumour is single it should be removed by 
shelling it out from its capsule and splinting the finger. If it is not 
thoroughly removed it is liable to recur, particularly if it is of soft 
consistency . Operative treatment is equally indicated if a pathological 
fracture has occurred. 

In cases of multiple chondromata, operation is only advised for the 
removal of a growth which is producing symptoms such as pressure 
on a nerve or great deformity. 

(2) The single chondroma of a long bone arises in most cases near 
the cartilage separating the shaft from the epiphysis, but cartilaginous 
tumours are occasionally found in such situations as the lower third 
of the tibia. This type of neoplasm possibly originates from islets of 
cartilage which have failed to ossify in the normal ossification of the 
bone. It is known that these growths occur in those who have had 
rickets as children. They are most frequent in young adults in the lower 
ends of the femur and humerus. The tumour grows slowly, undergoes 
mucoid degeneration and frequently becomes sarcomatous. 

The single chondroma is rare, and it is difficult to determine in some 
cases if it has arisen as a simple tumour and become malignant, or has 
arisen in the first place as a sarcoma and undergone cartilaginous 
degeneration, a condition termed chondrosarcoma. 

Tile symptoms produced are those of pain in the region of the swelling, 
and the signs those of a bony tumour. The skiagram shows destruction 
of bone where the growth has originated ; there is no new bone forma- 
tion as a rule, and the tumour does not ossify. The differential diagnosis 
is from other bony tumours such as giant-celled myeloma and sarcoma. 

Treatment. The patient is advised that it is essential for a correct 
diagnosis to be made before carrying out treatment and that this can 
only be achieved by means of a biopsy. The pathologist’s assistance is 
required to determine whether the tumour is simple or malignant. This 
task is often difficult. Those cases in which there is only cartilaginous or 
sarcomatous tissue are straightforward. However, experience shows 
that if the surgeon has any doubt as to whether the tumour is malignant 
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or not at the time of the biopsy, the pathologist often lias a similar 

doubt on examining the section. 

Some surgeons consider that the tumour becomes malignant if it is 
not already so ; hence they advise radical treatment as soon as the 
diagnosis of a chondroma of a long bone, such as the femur, is made. 
This indicates that such surgeons do not recognise a simple chondroma 
of a large long bone, but consider cartilaginous tumours at the end of such 
a bone to be sarcomatous. This seems drastic in cases in which there 
is no sign of malignancy, but is doubtless erring on the right side when 
there is any doubt as to malignancy. 

Local removal is advocated when cartilaginous tissue only is found. 
Post-operative X-ray therapy is ordered by any surgeon who considers 
that there is doubt about the diagnosis, either at the time of the opera- 
tion or from the pathological examination. If recurrence occurs, the 
condition should be treated as a sarcoma. When a pathological fracture 
has occurred, and in certain situations, local removal may involve 
excision of two or more inches of a long bone, such as the femur or 
humerus. Fixation of the bone by a bone graft is not advocated when 
doubt exists as to the nature of the tumour. Briefly : 

(o) When there is no proof of malignancy at the time of diagnosis, 
local removal is advocated. 

(6) If local removal is impossible, amputation is advised at a con- 
venient place above the growth. Treatment by X-ray therapy may be 
of value in this type of case, should amputation be refused. 

(c) If malignant change is present, the case is treated as a sarcoma. 

(3) Single chondroma of pelvis or thorax. When chondromata occur 
on the ribs or in the pelvis, they may grow to an enormous size. In 
appearance they are lobulatcd and pearly in colour. The larger the 
tumour, the larger are the lobulations. The symptoms produced are 
those of pressure, particularly in the pelvis. The removal of a tumour 
larger than a child’s head has often been carried out, but the possibility 
of its removal depends on the position from which it arises and its 
relationship to large vessels and viscera. These neoplasms may grow 
to large proportions and remain simple, but undoubtedly malignant 
changes may occur. 

FIBROMA 

A fibroma of hone is rare except in the jaw, when it is termed 
fibrous epulis. A fibroma of a long bone arises from the periosteum 
and produces the signs of a nodular swelling fixed to the bone. It is 
unusual for pain to be produced, and the patient seeks treatment on 
account of the lump. There are no changes found on X-ray examina- 
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tion. The tumour should be removed and a microscopic section made 
to ensure that it is not an early fibrosarcoma. No recurrence will occur 
after removal of a simple fibroma of the periosteum. 

B. MYELOMATA 

In this group of tumours are to be considered : 

(1) Benign giant-celled tumour, or the solitary myeloma which is 
often termed osteoclastoma. 

(2) Multiple myelomata. 

(3) Plasmacytoma : (o) single, ( b ) multiple. 

BENIGN GIANT-CELLED TUMOUR 

This is the only tumour of this group that can be said to occur with 
any frequency and it is probable that no more than twenty of these 
cases are diagnosed each year in London. The age incidence is between 
twenty and thirty, the neoplasm seldom occurring before twenty and 
rarely after forty ; females are affected somewhat more commonly 
than males. The ends of the bone are involved, and in the epiphysial 
rather than in the metaphysial area. The commonest positions in 
which the tumour is found are the lower end of the femur and radius 
and the upper end of the tibia, but it may occur in all bones of the body 
at times — the skull, the spine and the sacrum, the clavicle, and the small 
bones of the hand and foot. There is almost invariably a history of 
injury which is followed after some months by pain and later by the 
formation of a swelling. There is a great tendency for the size of the 
tumour to increase. Pathological fracture occurs in 14 per cent of 
benign giant-celled tumours. 

The clinical findings necessarily depend on the size of tile growth. 
If the patient seeks treatment early, note will be taken of the history — 
the sequence of trauma, pain, and the formation of a swelling. The 
physical signs may be limited to enlargement of the end of a bone 
accompanied by slight tenderness. As the swelling increases, enlarged 
veins may be present and it may be possible to determine that the end 
of the hone is expanded more on one side than on the other. The 
swelling may feel firm but not very hard, and egg-shell crackling may 
be palpable owing to the thin plaques of bone present in the capsule. 
A very vascular tumour of some size may pulsate. At other times, the 
first symptom may be a fracture, or the patient will have known that 
a swelling was present but has not sought treatment until fracture 
occurred. 

The X-ray appearance is that of a defect of the end of the bone ; 
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there is expansion, usually excentric with a multicystic appearance. As 
a rule, there are well-formed trabeculae. The cortex of the bone appears 
perforated, and thin plaques of bone may be visible on the surface of 
the tumour. 

Examination of a specimen reveals that the central defect is essen- 
tially at the end of the bone. The tumour having started in the 
medulla extends outwards, and as the compact tissue at the end of 
the bone is thin and the periosteal defence poor, it may push aside the 
soft tissues. There is usually a well-defined edge across the medullary 
cavity down the shaft, and in the opposite direction the spread is 
limited by the articular cartilage. The tumour will not penetrate 
this and will only extend into the joint round the edge of the articular 
cartilage, or when a fracture has occurred into the joint, but neither 
of these occurrences is frequent. The trabecula are well defined, 
and the tumour tissue is Teddish-brown. Often liquid blood and 
maroon-coloured areas are visible. Rarely, the tumour has a more 
cheesy appearance with small areas of haemorrhage in it ; to this rare 
type of tumour the name of ” white myeloma ” is sometimes given. 
The microscopic appearance is well known, the outstanding feature 
being a typical giant cell with its fifteen to a hundred nuclei which 
stain so readily. 

The diagnosis is not often in doubt, probably because the radiological 
appearance is so characteristic. Doubt is likely to arise when the 
tumour appears in an atypical position such as the spine, the pelvis, a 
rib or a small bone. AVlieu there is doubt as to the diagnosis, a biopsy is 
advised. The question of biopsy of bone tumours is discussed, subse- 
quently under Sarcoma. At the time of biopsy, it may be possible to 
make a diagnosis from the macroscopic appearance and to proceed 
with treatment forthwith, or if there is any doubt, the wound is closed 
and a diagnosis made from the histology of the tumour substance. 

Treatment. This should be by surgical measures. The methods 
available are : 

(1 ) Removal of the growth, which is usually termed “ scraping out ” 
the tumour ; 

(2) Excision of the tumour ; 

(3) Amputation. 

Treatment by irradiation is discussed on page 4362. 

The majority of benign giant-celled tumours are treated satis- 
factorily by method (I). A tourniquet is employed so that the 
extent of the growth can be defined and removed by dissection. If 
fracture has not occurred, it will be possible to leave a portion of the 
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compact bone on the side which is least expanded. After removal of 
the tissue substance, many surgeons cauterise the lining with pure 
carbolic acid. The articular cartilage is generally exposed on its deep 
surface, and an endeavour should be made to avoid opening the joint. 
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The cavity left can be filled with bone grafts taken from another bone. 
It is better to use a few grafts the size of a lead pencil rather than to fill 
up tlie cavity with bone chips. Splinting is required after the operation. 

AVhen a pathological fracture has occurred or when the swelling is 
large so that the whole of the end of the bone is expanded, it may seem 
unlikely that it will be possible to remove the tumour, provide stability 
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for the bone and leave a satisfactory joint. Altbongh it is wise to take 
the opt imis tic view of the effect of the first suggested method of treat- 
ment, this may be impossible, particularly at the lower end of the 
femur. Resection of a portion of the bone with some reconstruction 
operation, generally ankylosing the joint, may be of value and save 
amputation. 

When there has been gross destruction of over 3 inehes of the lower 
end of the femur or of the upper end of the tibia, amputation may be 
required. Reconstruction is more likely to be possible in the radius or 
humerus. 

The operator should take infinite pains to remove all the tumour 
substance, as it seems probable that cases of recurrence only occur 
after operation if there has been imperfect removal. 

The insertion of any form of radium into these tumours is not advised. 
It appears that it has either no effect or else tends to increase the 
growth of the tumour. 

X-ray therapy has been employed in recent years both alone and in 
association with surgical treatment. A number of surgeons state that 
the giant-celled tumour is not sensitive to deep X-ray therapy. How- 
ever. there is no doubt that if a surgical measure such as partial removal 
of the tumour has been employed, after-treatment by deep X-ray 
therapy produces a satisfactory result. I have operated on a giant- 
celled tumour of the sacrum, on one in the innominate bone of a boy 
aged nine, and aho on a large growth of the vertebral end of a rib 
involving the bodies of two vertebra. In none of the*s three cases was 
it possible to remove all the tumour substance, and post-operative 
deep X-ray therapy was employed. The serial skiagrams showed the 
sclerosis of new-formed bone as the tumour substance disappeared ; 
there has been no recurrence of the growth of these three tumours. 

The prognosis is good If surgical removal is complete and if, when 
incomplete. X-ray therapy is employed. The formation of metastases 
does not occur. 

MULTIPLE MYELOMATA 

These occur between the ages of forty and seventy ; they are rare 
and very malignant. Each tumour arises from marrow and there are 
multiple lesions. Most commonly the fiat bones are affected first — the 
sternum, ribs, v ertebra, skull and pelvis. Pain is a prominent feature, 
Bence-Jones bodies are present in 65 per cent of cases and the remainder 
of the cases have otherwise similar clinical features. The patients 
usually seek treatment because of a pathological fracture, which occurs 
in 60 per cent of the cases. A large swelling on the sternum or skull may 
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be tbe cause of the patient seeking advice. The X-ray appearance is a 
clear puncked-out area, in the bone. Examination of the growth shows 
bone destruction, and the tumour tissue, which bleeds readily, is 
surrounded by a bony shell. The marrow is replaced by greyish or 
reddish material. The microscopic appearance resembles that of a 
Ewing’s tumour which is discussed under Sarcoma, but the cytology 
is less uniform. Plasma cells and lymphocytes are present in large 
numbers. 

It is characteristic of this condition that spread occurs to other 
bones but seldom to the liver, spleen or lungs. The patients usually 
suffer from bronchitis and emphysema, and the blood count show's a 
secondary anaemia. It is typical for the kidneys to show nephritis with 
degeneration of the tubules and the presence of calcium in the con- 
voluted tubules. The treatment of the condition is unsatisfactory ; 
X-ray therapy is usually employed, and this irradiation produces a 
characteristic effect in that the tumours melt away, but soon reappear. 

PLASMACYTOMA 

This is a rare growth found in the shaft of long bones, particularly 
in the humerus and the femur. As a rule, there are no symptoms of 
the condition until a pathological fracture occurs through the tumour. 
The skiagram will show’ destruction of the bone, generally for two 
inches, with expansion and a clear area. The tumour substance has 
the appearance of blood clot. The microscopic appearance suggests a 
mass of plasma cells. Blood-corpuscles are present in certain areas. 
Lymphocytes may be seen but not to the extent that they are seen in 
myelomata. 

When tire condition is suspected, other skiagrams are taken tv 
exclude multiple myelomata, and the urine is examined to ensure the 
absence of Bence-Jones bodies. A biopsy will show the microscopic 
appearance. The treatment consists in the removal of all the tumour 
tissue and the approximation of the ends of the bones with an intra- 
medullary bone graft. Unfortunately, the bone around the tumour 
seldom has much reaction and, although the tumour may not recur, the 
bone graft may absorb and leave an un-united bone. There is no 
tendency to the formation of metastases in the solitary plasmacytoma. 

Multiple tumours of the plasmacytoma type are probably an entity 
and a form of multiple myelomata. The urine is normal. The diag- 
nosis must rest on the histological examination of a tumour. 
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C. PEJOLART MALI GNANT TU3IOCES 
SAP.COMATA 

(1) Osteogenic sarcoma. 

(2) Ewing's sarcoma. 

(3) Extra-perictteol fibrosarcoma. 

OSTEOGENIC SAECOlLi 

This name is applied to the common primary malignant bone 
tumour. Text-book dassncadons are derived from the presumed area 
of origin or from the predominance c-i one rvpe cf tissue in the growth. 

Osteogenic sarcoma is most common between the ages of ten and 
thirty, ami is rare after the age cf fifty, so that it is essentially an 
affection of youth. The tumour is found most frequently at the lower 
end oi the femur and a; she cpret end cf the tibia ; the upper end of 
the humeius. the 2ium. the upper end of the femur and the shaft of the 
tibia ore less common sites. The metaphyss is the site in the long 
hue which is most ecmmculy attacked. 

There ts a dcumte instcry *.f trauma m many cases : a few of these 
neoplasms oris? in a c».ne ourcu^i wnh a-reftis defivrmoas (Putt's 
cseto* cf tccej. 
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majority of cases whatever treatment is carried out. iletastases in 
the lungs are generally first shown by pleural effusion. The spread is 
by the blood stream, but it is unusual in this type of tumour to find 
metastases in other bones. 

Diagnosis. The problem of diagnosis is more difficult in the early 
stages, and at this time is very important. The history of pain and the 



onset of a tumour with the signs already described will bring under 
consideration a number of lesions. Xo one will neglect to have an 
X-ray photograph. Unfortunately, in the early stages the X-ray 
picture is seldom characteristic. Often it is noticeable that there is 
some change in the bone with a less definite outline of compact tissue 
and medulla, both of which appear fluffy. One often feels that the 
skiagram is bad, but this is constantly seen in the early stages of 
sarcoma. At this time there may be a thin layer of new* bone formation 


43 <U 


POST-GRADUATE SURGERT 


C. PRIMARY MALIGNANT TCMOCBS 
SAECOMATA 

(1) Osteogenic sarcoma. 

(2) Ewing's sarcoma. 

(3) Extra-periosteal fibrosarcoma. 

OSTEOGENIC SAP. COM A 

This name is applied to the common primary malignant bone 
tumour. Text-book classifications are derived from the presumed area 
of origin or from the predominance of one type of tissue in the growth. 

Osteogenic sarcoma is most common between the ages of ten and 
thirty and is rare after the age of fifty, so that it is essentially an 
affection of youth. The tumour is found most frequently at the lower 
end of the femur and at the upper end of the tibia : the upper end of 
the humerus, the ilium, the upper end of the femur and the shaft of the 
tibia are less common sites. The metaphysis is the site in the long 
bone which is most commonly attacked. 

There is a definite history of trauma in many cases ; a few of these 
neoplasms arise in a bone affected with osteitis deformans (Paget’s 
disease of bone). 

Paiti is usually the first symptom. A few patients seek treatment 
because a swelling is present. Sometimes, in the case of sarcoma of 
the femur or tibia, the patient has noticed a swollen knee joint. 

The tumour in the early stages is felt as 3 swelling on one side of 
the bone ; it is usually tender and there may be enlargement of the 
subcutaneous veins. Some of these sarcomata feel hard, but when 
destruction is a prominent feature (osteolytic sarcoma) the swelling 
feels soft and often spongy. If the latter contains a lot of blood it may 
puLate. but the other forms of sarcoma do not show this sign. Effusion 
into the neighbouring joint is common when the tumour is near the 
articular cartilage, but there is no thickening of the joint. When the 
growth is large, its edges are well defined, and owing to the stretching 
or destruction of muscles, function becomes impaired. The patient’s 
general health is affected sooner or later, generally before secondary 
deposits are present. This is shown by anmmia, loss of flesh, and pallor, 
particularly of the face. 

Pathological fracture is uncommon, occurring in probably fewer than 
10 per cent of cases. It is most likely to be seen in the lower quarter of 
the femur and below the neck of the humerus. 

Diisrminaiion is inevitable without treatment, and occurs in the 
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majority of cases whatever treatment is carried out. Jletastases in 
the lungs are generally first shown by pleural effusion. The spread is 
by the blood stream, but it is unusual in this type of tumour to find 
nietastases in other bones. 

Diagnosis. The problem of diagnosis is more difficult in the early 
stages, and at this time is very important. The history of pain and the 
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onset of a tumour with the signs already described will brinf* under 
consideration a number of lesions. No one will neglect to have an 
X-ray photograph. Unfortunately, in the early stages the X-ray 
picture is seldom characteristic. Often it is noticeable that there is 
some change in the bone with a less definite outline of compact tissue 
and medulla, both of which appear fluffy. One often /eels that the 
skiagram is bad, but this is constantly seen in the early stages of 
sarcoma. At this time there may be a thin layer of new bone formation 
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on the surface of the bone, the new bone being parallel to the shaft. 
A Wassermaim reaction should be carried out, and if strongly positive 
it is obviously in favour of the bony change being a gumma. Syphilitic 
osteitis, i.e. a diff use gummatous condition, is not likely to cause 
diffic ulty in diagnosis. A subperiosteal hematoma which has ossified 
or traumatic myositis ossificans may have to be considered. More 
frequently, low-grade osteomyelitis causes difficulty in diagnosis from an 
early sarcoma . In this connection, a leucocyte count may be of assistance. 

At a later sta^e. a spindle-shaped swelling is often present or a large 
swelling on one side of the bone, and a differential diagnosis is one 
of interest rather than of great difficulty. Giant-celled tumour, cyst. 
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and gumma are generally under consideration. The X-ray appearance 
at this time is more characteristic. The outline of the swelling is usually 
visible as a “ soft tissue * swelling. There is a small lip of new bone 
formation under the periosteum at the edges of the tumour, and there 
is destruction of compact tissue and erosion of medulla. Osteogenic 
sarcoma will show spicules of bone at right angles to the long axis of 
the bone ; these are lines of ossification which are present in fewer 
than 20 per cent of cases altogether, and seldom occur in small tumours. 

The certain diagnostic method is biopsy — the removal and patho- 
logical examination of a portion of the tumour. This is carried out by 
the majority of surgeons in this country as a means of conclusive 
diagnosis in order that the utmost may be done in the treatment of the 
condition. The advantage of this method of diagnosis is not purely to 
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satisfy the surgeon’s mind that the patient has a tumour (which even 
at that time may he inoperable) but to ensure that he is not dealing 
with a less malignant condition. When possible, a tourniquet should be 
used and a specimen of reasonable size should be removed, avoiding 
blood-vessels. The capsule of the tumour, for such usually exists, 
should be closed after the portion for examination has been removed. 
The wound should then be closed. The value of frozen section is 
probably negligible and it is advised that the surgeon should carry out 
no operative procedure beyond the biopsy at this time. The pathologist 
should be given the portion of tumour and afforded every opportunity 
to carry out his investigations with efficient fixation and staining. 
Those who are against biopsy state that dissemination occurs owing to 
incision into the tumour ; there does not appear to be any proof of this 
occurrence if it is carried out with due care. Further, it is stated that 
valuable information is not always obtained from the microscopic 
section ; this is most likely to be the case when frozen sections are 
examined or the piece of material presented to the pathologist is either 
minute or consists of oedematous material from around the tumour 
instead of a portion of tumour substance. Biopsy should be an essential 
part of the diagnosis. At times undoubtedly the surgeon will at the 
operation of biopsy find an inflammatory and not a neoplastic condition 
which he will recognise from the macroscopic appearance; this will 
obviously be to the satisfaction of the patient as well as of himself. 

Pathology. This tumour spreads slowly through the compact tissue 
whilst it spreads up and down the medulla. The periosteum appears 
to he stretched, and some time elapses before the tumour substance 
penetrates it and starts to invade the soft parts. Eventually the skin 
may be thinned and ulcerated, the mass fungating and discharging. 
It is characteristic of the osteogenic sarcoma that some new bone is 
formed, and that the growth is of varying consistency (the osteolytic 
soft and the sclerosing firm), whereas the innocent giant-celled 
tumour destroys bone. 

The characteristic histological picture displays the presence of 
spindle cells. These are small or large and there are often polyhedral 
cells. The giant cells which are present are not numerous, and are 
smaller and have fewer nuclei than those of the giant-cclled tumour. 
The intercellular matrix varies in different types of tissue to such an 
extent that these tumours have been known as chondro-, fibro-, osteo- 
and myxo-sarcomata. When there is gross bone destruction, the con- 
dition is well named osteolytic. The treatment of osteogenic sarcoma 
is considered after the description of Ewing's tumour. 
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evtikg's tumour 

This tumour represents 15 per cent of all sarcomata. It is essen- 
tially a condition of the young adult. It has been recorded at the 
age of four and a half, but the majority of cases occur between ten 
and twenty-five and seldom over forty years of age. Males suffer twice 
as frequently as females. A history of trauma is present in one-third 
of the cases. 

It is a t umo ur of the mid-shaft area of bone, the epiphysis never 
being attacked primarily. The bones affected in order of frequency are 
the tibia, femur, humerus, fibula and ilium. Growth occurs rapidly. 

The first symptom is pain, and the severity of this varies. In the 
early stage it is often intermittent, but later persistent and severe. 
Intermittent pyrexia is present in many cases and pain is usually 
severe during the period of fever. A leucocytosis of over 10,000 is often 
found. The tumour is on the shaft of the bone, feels firm and elastic, 
and is tender, particularly during an attack of fever. The interesting 
feature is that periodic decrease in size may occur. Pathological 
fracture is very rare. 

The X-ray appearance in the early stage shows the cortex of the 
bone to be thickened, chiefly owing to the new bone formation parallel 
with the shaft of the bone. Sun-ray spicules may be present as the 
tumour grows. Later, a patchy destruction of bone is usually seen. 

The morbid anatomy is well known. The shaft of the bone is 
expanded by diffuse infiltration. This leads to widening and increased 
density of the compact tissue and to mottling of the marrow. Xew bone 
formation occurs early and is usually parallel to the long of the 
bone, but sometimes presents an ill-defined sun-ray appearance. This 
formation of new bone often appears to precede destruction of the 
normal bony elements and is secondary to infiltration of the bone by 
the tumour. It arises in the subperiosteal plane, or intra-cortically. 
Possibly this has a relationship to lymph channels. Its presence 
certainly accounts for the rarity of pathological fracture. The tumour 
material consists of a soft necrotic mass, not unlike brain tissue in 
appearance. The medullary cavity is diminished, not so much by 
growth as by new bone formation. 

Histologically, the tumour consists of small round and polyhedral 
cells with round or oval nuclei. They are packed closely together and 
often in clumps. Osteoclast giant cells are found around a reas of necro- 
tic bone. The cytoplasm is scanty and nearly stainless. In some tumours 
fibrous trabeculae are seen. There is a variation in vascularity, the 
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blood being in spaces between tumour substance with embryonic 
vessel walls only. 

The metastases occur in the lungs, lymph nodes and bones, par- 
ticularly the skull, spine, scapula and clavicle. Secondary deposits 
may occur two and a half months after the onset of symptoms and 
usually within one year. Sometimes patients do not seek advice until 



swellings are present in more than one bone. It is not known in what 
tissue this tumour originates. Some consider it to be a primary growth 
of bone-marrow cells and not a tumour of a true bony tissue — hence the 
name endothelial myeloma by which it is also known. 

Diagnosis. Skiagrams and Wassermann reaction should be aids to 
the diagnosis. Confusion in the early stages is likely to arise between 
types of osteomyelitis and Ewing’s tumour. In the later stages the 
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clinical picture and X-ray appearance should cause little difficulty, as 

neither resembles other simple or malignant tumours at all closely. 

Enlargement of the shaft of a long bone occurs in osteomyelitis of 
low-grade virulence and in syphilitic osteitis. Differential diagnosis 
from the former is made more difficult by Ewing's tumour causing 
periodic pyrexia and leucocytosis. The pain of chronic osteomyelitis Is 
less severe and, although it may be intermittent, does not tend to 
increase weekly. The X-ray appearance should aid the diagnosis, for 
the new bone and areas of rarefaction are more irregular in the inflam- 
matory condition, and sequestra may be present. In the rare sclerosing 
osteitis which Garre described, the tibia is frequently affected and the 
history is one of long standing. The severe pain which the patient may 
have had at the onset seldom continues, and a chronic “ bone ache ’* 
persists. 

Irradiation may be employed as a means to diagnosis. This is 
referred to under Treatment. If more than one tumour in bone is 
present when the patient first seeks advice, the diagnosis from multiple 
myelomata may cause difficulty. 

PERIOSTEAL FIBROSARCOMA 

This is a tumour of periosteum, which may become large but does 
not cause destruction of bone. Pain is present, but is not of the same 
intensity as in bone-destroying growths. 

The swelling is hard, attached to the bone, well defined, and usually 
surrounds the shaft. The soft tissue shadow of the tumour is visible 
in the skiagram, and as the neoplasm grows there may be a reaction over 
the bone shown by a thin layer of subperiosteal new bone parallel to 
the shaft. 

TREATMENT AXD PROGNOSIS OF SARCOMATA OF BONE 

A biopsy is advised prior to the treatment, for the reasons already 
stated. The chest is examined by X-rays for evidence of metastasis. 
The methods of treatment available arc : 

(1) Local removal of the tumour with or without resection of a 
length of shaft of the bone. 

(2) Amputation. 

Either of these can be combined with : 

(3) Irradiation by high voltage X-ray therapy, or 

(4) Injection of Coley's fluid, sometimes called toxin treatment. 

The irradiation and toxin treatment can be combined. 

(5) Radium treatment. 
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The treatment advised for osteogenic sarcoma is amputation. 
When possible this should be planned so as to remove the whole length of 
the affected bone and the whole length of muscles covering the tumour. 
Thus, a mid-thigh amputation is employed for a tumour of the tibia, 
and a disarticulation at the hip joint for a femoral growth. The lungs 
should be treated by irradiation at regular intervals. In America and 
a few British clinics, Coley’s fluid is employed after amputation. Local 
removal combined with other treatment is not advised, and partial 
removal is likely to cause rapid spread. Treatment of the growth with 
radium generally makes it grow more rapidly, and irradiation is of no 
benefit, especially in the sclerosing type of growth. When cartilage 
forms a large part of the osteogenic sarcoma, irradiation is sometimes 
effective in treatment. When operation is contra-indicated owing to 
local or metastatic conditions, Coley’s fluid is advised. The younger 
the patient, the worse is the prognosis. In the report of the American 
Bone Sarcoma Registry published in 1935, there were 74 patients with 
osteogenic sarcoma alive after 5 years. Of these 39 were treated by 
operation alone and 35 by operation combined with irradiation or 
Coley’s fluid or both. 

In the treatment of Ewing's tumour, it has been found that irradia- 
tion diminishes the size of the growth. It does not effect a permanent 
cure. Probably it is of advantage to irradiate the tumour prior to 
surgical intervention, and this is advised. Amputation is considered to 
provide a better chance of survival than local resection. Surgery with 
irradiation probably produces 10 per cent of survivors for over five 
years, but the average post-operative life after all forms of treatment 
is only sixteen months. Many cases do not seek treatment until 
symptoms have been present for a year. The American Bone Sarcoma 
Registry reported 10 survivors after 5 years out of 12G cases, all of 
whom were treated by surgical measures (7 amputations, 3 excisions 
of the tumour). Of the 7 amputations, 5 received both toxin treatment 
and irradiation. 

The periosteal fibrosarcoma should be treated by surgical measures 
— excision in the early stages and amputation later. The tumour is 
of low-grade malignancy. 

Treatment by Coley’s fluid has been less successful in this country 
than in his own hands. His own statistics are of interest : 

Of 12G sarcomata of long bones 5G survived 5 years — osteogenic 
sarcoma 35, Ewing’s tumour 21 : 

Amputation was employed in 35l Of these 47 received toxin 

Local resection „ „ 21 J treatment. 



Characteristics of Certain Bone Tumours 



Commonest bones affected in order of frequency. 



ORTHOPEDICS 


4469 


time is thus much increased. If two distinct sets of X-ray apparatus 
are available, some time can be saved in the taking of the antero- 
posterior and lateral views. 

Technique. The patient is ansesthetised and placed upon an ortho- 
paedic table fitted with perineal post and traction apparatus for the 
feet. Traction is applied with the feet about 12 inches apart and the 
legs rolled slightly inwards. 

The direction of the neck of the femur is estimated in the following 
manner : 

A point 1 cm. below the middle of Poupart’s ligament is marked on 
the skin by a small piece of lead. This marks the highest point of the 
head of the femur. Another point is marked by lead about 8 cms. below 
the tip of the trochanter. The line joining these two marks indicates 
the direction of the femoral neck. Antero-posterior and lateral 
skiagrams are now taken and the accuracy of reduction and position 
of the neck, relative to the lead marks, is checked. If correct, a small 
incision is made at the base of the trochanter and a Kirschner wire 
drilled into the neck, using the lead marks as a guide. It is best to 
insert three wires in all, the second and third being above and below 
the first, but in the same horizontal plane. The length of wire to be 
inserted must be carefully checked beforehand, by measurement 
from the normal femur in the manner described under the “ open ” 
method. 

Another set of X-ray pictures is taken, and the position of the wires 
observed, in both the antero-posterior and the lateral views. A correctly- 
placed wire should be exactly in the centre of the neck and head, both 
in the vertical and in the horizontal planes. (Should none be in a 
sufficiently good position, the wires must be extracted and re-inserted.) 

The wire in the best position is left in situ and the others are with- 
drawn. 

A Smith -Petersen nail, of the requisite length, is now threaded over 
the guide and hammered home with the hollow punch, care being taken 
not to drive the guide in with it. The guide is withdrawn, traction is 
released, and the neck is gently impacted into the head with the 
impactor. The function of impaction is to close the gap between the 
fragments, and it should not he too vigorously employed. The nail is 
driven home once more and the small incision sutured. 

Finally, a third set of X-ray films is taken to check the position of 
the fracture and nail. Should either prove to be unsatisfactory, the 
nail must be withdrawn with the extractor and the whole operation 
repeated. (Withdrawal of the fully inserted nail is often extremely 
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For these cases, two methods are applicable : 

(l) Plaster -of- Pa ris Spica. 

Suitable cases : 

(а) Sub-capital Fractures : 

(i) Some cases of adduction fractures unsuitable for operation. 

(ii) Abduction fractures. 

(б) Basal Fractures. 

(c) Per-trochanteric fractures t cith no displacement. 

“ irhi/inan’# Abduction Treatment 'for (a) and (6). 

Until the Smith-Petexsen operation became fashionable this was the 
standard method of dealing with fractures in the region of the hip 
joint. It is claimed that bony union is obtained in about G6 per cent 
of cases of all ages. 

The method, though usually considered in relation to cervical 
fractures, is also applicable to basal fractures. 

The principles are simple : (i) Reduction of deformity by manual 
traction, (ii) Locking of the fragments by full abduction and internal 
rotation of the leg. (This is brought about partly by the tension of the 
anterior part of the capsule, and partly by leverage of the femoral 
neck against the upper Up of the acetabulum.) (Hi) Fixation of the leg 
in the position of abduction and internal rotation by means of a plaster 
spica. 

Details. The patient is anasthetLed on an orthopedic table. 
Stockinette is appUed smoothly to cover the whole of the injured leg 
and the body as high as the axilla.*. the skin being previously powdered. 
Each leg is held by an assistant and equal traction is applied, the 
patella* being rolled inwards. The surgeon appUes pressure over the 
region of the trochanter. Both legs are then abducted as fully as 
possible, care being taken that the pelvis is maintained square with the 
body. 

Accuracy of reduction may lie checked by measurements, or by 
X ray examination. 

Sheet wadding is applied, paying special attention to the padding 
of bony prominences, such as the sacrum, trochanter, spinous processes, 
anterior spines, and malleoli. It is better to use felt over these promin- 
ences if the patient is thin. Plaster bandages are used to construct a 
spica. which must extend from the axilla on the non-affect ed side, 
including the pelvis and the whole of the affected limb. The knee is 
flexed to about 30 degree^. 

A well-applied spica should fulfil the following conditions : 
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(i) Affected limb : Full abduction. 

Full extension. 

Slight internal rotation, maintained by flexion 
of the knee. 

Foot at right angles. 

(ii) Sound limb : Free. Full flexion should be permitted. 

A fter-Treatment. 

(1) Skiagrams to check position of fragments. 

(ii) Prevention of sores by nursing patient part-time on back, then on face, 
and then on sides. 

(iii) Raising head of bed to avoid congestion. 

Duration. A period of three months in the spica will be required 
for a cervical fracture, and rather less for a basal fracture. Following 
this, a month in bed, during which time massage and exercises are 
given, and finally a period of ambulatory treatment for a further two 
or three months, during which time a weight-bearing caliper is worn. 

Difficulties of abduction methods. The construction of a plaster spica 
which will stand up to the strain and stress of three months’ nursing 
is no mean undertaking. Some 20-30 bandages (0-8 inches wide) 
are necessary. Sores are apt to develop, in spite of every care. The 
nursing of such a case is heavy, and lifting will require at least four 
helpers. 

When plaster is employed for a sub-capital abduction fracture , a 
short plaster spica with the leg in “ adduction ” is made, walking being 
allowed from an early date. 

(2) Simple Traction. 

The methods of treatment already described arc unsuitable for the 
aged or infirm, Nevertheless, a definite line of treatment should be 
instituted, although the hope of obtaining a firm union by bone is 
remote, and the best that can be hoped for is a fibrous ankylosis. 

The practice of putting the patient to bed with the legs “ between 
sand-bags ” is to be condemned. Fixation of the leg in this way 
merely ensures that whenever the body is moved, movement inevitably 
takes place at the fracture line, causing considerable pain and discom- 
fort. These patients should be “ put up ” on a simple weight extension 
applied either by adhesive strapping, or, better, by a Kirschner \rire 
inserted through the crest of the tibia. Rotation can be controlled in 
this way. Counter-extension is made by raising the foot of the bed. 

The leg is allowed to He on a Thomas splint, bent at the knee, or on 
a Braun frame. The foot must be kept at right angles. A weight of 
10-13 lb. will be sullicient. The weight extension is continued for about 



4474 POST-GRADUATE SURGERY 

three weeks, hut a skiagram shouhl be taken after a few days, to 
cheek the correctness of the weight. Should this be too small, coxa 
vara will persist, or if too large, coxa vaiga may result. The patient 
is then provided with a walking caliper and allowed to get about, at 
first with crutches, and later with the aid of sticks. The caliper will 
piobablv need to he worn permanently. 

Basal Fracture 

This type of fracture is usually impacted, and therefore little 
displacement is the rule. Bony union is to be expected. 

Tico methods of treatment may be adopted : (1) Fixation in a plaster- 
cast, on the lines of the Whitman method already described ; or (2) 
Treatment on a Thomas or Braun splint by moderate traction, even if 
the fracture is impacted. Recumbency for about twelve weeks will be 
required and a wa lking caliper is advisable for six months afterwards. 

Per-trochanteric Fracture 

This type is often accompanied by shortening and coxa vara. The 
leaser trochanter may be separated from the shaft. The mechanism, 
according to statistics of 207 cases (Stebbing), is that the body weight 
is suddenly thrown on to the femur when the leg is in adduction. Direct 
blows on the trochanter are rarely causative. This view is contrary to 
the usual teaching and is not supported by experiments upon the 
cadaver. 

The treatment consists of continuous weight extension for a period 
of 12-14 weeks. Maintenance of internal rotation and abduction are 
of importance and a walking caliper should be used subsequently. 

(Details of weight extension and the prevention of stiffness of the 
knee are considered under Fractures of the Shaft of the Femur. See 
page 44S1.) 

Treatment of Xon-union in Fractures of the Femoral Head 

Given a case of un-united fracture of the neck of the femur, the 
question arises. Should anything be done, and if so, what l 

The answer to the first part of the question can only be found by 
study of the individual case. Age, condition, amount of disability, 
and presence of pain must all be considered. X-ray pictures must be 
taken to determine the degree of deformity and the condition of the 
femoral head. If the bone density of the head is similar to that of the 
shaft, it may be assumed that the head is still living. If the head is 
dense, it is probably avascular and dead. In the presence of an a vascular 



ORTHOPAEDICS 


4475 


or an absorbed “ bead,” operative fixation of the fracture by nailing is 
obviously useless, and consideration may be given to some form of 
reconstructive procedure. 

Successful reduction and fixation of an un-united fracture has been 
seen by the author in a middle-aged man, a year after the original 
injury. 

The following methods of treatment are available : 

(1) Fixation of the Fracture (femoral head alive). 

(a) Skeletal traction in an endeavour to overcome coxa vara. 

If successful, (6) Fixation of fracture by Smith-Petersen nail. 

(i) Open operation in order to freshen bone- ends. 

(ii) By “ blind ” method. 

(c) Fixation by bone graft. 

(2) Osteotomy (Sub-trochanteric). 

(а) Simple — in order to restore the normal relationship between the 
shaft and neck of the bone. 

(б) Bifurcation operation. An oblique osteotomy is made through 
a 5-inch incision over and below the great trochanter. The shaft is 
displaced inwards so that it lies partly under the head and partly under 
the lower border of the acetabulum. This is controlled by direct 
vision. Fixation is effected by a plaster spica for 3-4 months. Bony 
union should occur between the shaft, head and trochanteric region. 

The latter is the method of choice, as in a simple osteotomy the 
fibrous union at the site of fracture persists. 

(3) Reconstruction operation (e.g. Whitman’s). 

(4) Arthrodesis of (he hip joint. (This is difficult and liable to 
failure.) 

Separation of the Upper Epiphysis of the Femur 

Fractures in the region of the femoral neck are uncommon in 
children and adolescents, but when they occur the epiphysial line is 
often involved. Treatment should be on conservative lines either by 
continuous traction or by reduction and fixation in a plaster spica. 

Of different aetiology is the “ so-called ” “ slipped epiphysis ” of 
the upper end of the femur. 

The condition occurs in adolescents between the ages of 10-15, 
i.c. before union of the epiphysis with the neck, which occurs about the 
18-20th year. The patient is often of the fat, heavy type, with under- 
developed genitalia, suggestive of pituitary insufficiency. Enlargement 
of the sella turcica, as seen in a lateral X-ray picture of the skull, has 
been recorded. 
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The history is usually one of slight injury, such as a fall or twist of 
the leg whilst running. The child may get up and continue to walk or 
limp about subsequently. In some cases the condition is not dis- 
covered for some days, until there is pain, or a limp is noticed by the 
parents. On examination, there is adduction and external rotation of 
the affected limb, raising of the trochanter, and shortening of £-mch to 
J-inch. Movements are full except for abduction and internal rotation, 
which may be greatly limited. A skiagram is essential for accurate 
diagnosis. The lower lip of the epiphysis will be seen projecting below 
the lower border of the neck, the deformity being similar to that of an 
(adduction) sub-capital fracture in an adult. A notable feature is the 
absence of any bony spicule broken from the diaphysis, which is 
constantly present in slipped epiphyses in other situations (e.g. lower 
end of radius). 

Should the case be of long standing, the displaced epiphysis will 
have fused with the femoral neck, the result being one form of 
adolescent coxa vara. 

Treatment. This may be considered under three headings : 

(1) Within three or four icceks of the injury. 

(а) Reduction of the deformity under anaesthesia by manual 
traction, followed by abduction and fixation in a plaster spica ; or 

(б) Reduction by continuous traction, exerted over a period of 
three months, until union is firm. The traction is combined with a 
gradual increase in abduction and internal rotation. 

As the epiphysis is firmly engaged with the femoral neck, forcible 
traction may do no more than rotate the epiphysis in the acetabulum. 

The method of reduction by continuous and gradual traction is 
much to be preferred. 

When complete it may be continued until union is firm, or fixation 
may be effected by a plaster spica. 

(2) After four iceelcs reduction will probably be impossible except by 
open operation, and fixation of the epiphysis by means of a bone peg 
or graft. 

Jftcr-Trcalinent. Relief from weight-bearing by means of a caliper should be 
insisted upon for from 3-6 months after the initial period. 

(3) Late cases, where union has occurred. Sub-trochanteric osteo- 
tomy should be performed in order to correct the coxa vara. Some 
shortening will be permanent. Limitation of movement at the hip joint 
is usual. 

Prognosis. In early cases, when reduction and fixation has been 
satisfactory, the femoral head and neck may be expected to shape 
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normally. When reduction has been moderate, good function is to be 
expected for some years, but osteo-arthritis will develop subsequently. 
Open reduction is usually followed by a completely or partially ankylosed 
joint. 

When reduction has been carried out by forcible manipulation and 
in some cases of non-reduction, the head will undergo the changes 
associated with deficient blood supply, and a stiff joint and early fusion 
of the head and neck will occur. 

When reduction is imperfect, the epiphysis will often fuse with the 
shaft during the first year after the accident. 

In unreduced cases , coxa vara will develop, and in later life osteo- 
arthritis is inevitable. 

Early fusion of the epiphysis will result in shortening of the limb. 

Shaft of the Femur 

This group includes : 

(1) Sub-trochanteric fractures. 

(2) Fractures of the shaft proper. 

The majority of cases occur in young adults and children. The 
type of fracture in adults may be either transverse or oblique, a 
common variation being the “ butterfly ” fracture, in which a triangular 
loose fragment becomes detached from the shaft. In children it is nearly 
always a long oblique or spiral fracture. Owing to the thick covering 
of muscles with which the bone is provided, open fracture is rare, but 
when it does occur, the consequences are likely to be serious owing to 
difficulty in maintaining accurate alignment during the longer period 
of union, which may result from : (a) Infection of the large haunatoma 
and lacerated muscles ; (b) osteo-myelitis and necrosis of bone ; 
(c) delay in union, or non-union ; or (d) stiffness of knee aud ankle. 

These fractures arc usually accompanied by considerable shock. 

Fracture of the Upper Third 

The upper fragment is flexed by the ilio-psoas, and abducted and 
externally rotated by the gluteus inedius, obturator iutemus and allied 
muscles. Control of the upper fragment is not possible, except by open 
operation, and it is necessary to remember that alignment must be 
obtained by bringing the lower fragment into a corresponding position. 

Fracture of the Middle ami Lower Thirds 

Here, apart from the common factor of shortening or overlap, the 
adductor group is of importance (especially the adductor magnus). 

\UL in. 2 G • 
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The upper fragment tends to lie on the inner side of the lower fragment 
and often at an angle with it, the angle being open outwards (i.e. valgus). 

Gravity is of considerable importance. Backward angulation of the 
fracture due to this cause is of frequent occurrence, both in the early 
and in the later stages of treatment. 

Diagnosis is usually easy. The severe pain and shock, marked 
swelling, mobility, shortening and external rotation of the foot cannot 
be missed. The only cases likely to present difficulty in diagnosis are 
those of partial fractures in children, with a minim um of deformity, 
and these are rare. 

X-ray examination before reduction of the fracture is desirable, but 
not always necessary, and may be omitted if not readily accessible. It 
should never be omitted after reduction, and in the majority of cases 
a portable apparatus is essential, because the patient and extension 
appliances cannot be moved into the X-ray room. 

Treatment. 

First Aid. Shock should be prevented as far as possible by keeping 
the patient warm. Ambulance attendants and others should be 
instructed that on no account must the patient be moved or lifted until 
a splint, possibly improvised, bas been applied. The temporary splint 
of choice is a Thomas’ provided with a large ring which can be slipped 
over the clothing. Fixed extension is easy to obtain by means of a 
clove-hitcb over the boot, or a skewer thrust between the sole of the 
patient’s foot and that of the boot. Tbe extension is tied finally to the 
end of the splint, the ring making counter-extension on the tuber 
ischii. The use of a Liston splint, so often applied as a first-aid 
measure, is bad. It is “ better than nothing,” but does not allow the 
application of extension which is so essential in the transport of these 
cases. The Thomas splint is easier to apply and far more effective. On 
arrival at hospital, the patient's general condition must be noted and 
treatment of shock, if necessary, should be carried out before the 
first-aid fixation is removed. A blanket bath or other exposure is 
to be avoided, as it is essential to keep tbe patient warm. 

Reduction . Accurate reduction of a fractured femur can only be 
carried out by traction, which may be either : 

(1) Rapid, (a) Manual; (6) Mechanical (screw- traction apparatus). 

(^Continuously applied by means of a iceighi through : (a) Adhesive 
strapping ; (6) Skeletal traction appliances. 

Manual traction is only applicable to children or adults with 
poor muscular development. When the method is to be used, it is 
best to apply the means of fixation of the fracture (i.e. adhesive strop- 
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ping) to the leg before traction is made. It is difficult otherwise to 
maintain traction and apply the strapping at the same time. When the 
traction has overcome all overlap, as checked by an assistant with a 
tape measure, a well-fitting Thomas splint is slipped on and the adhesive 
plaster tied firmly to the end of the splint. This method of fixed 
extension will maintain the degree of reduction already obtained, but 
in the event of incomplete reduction, no improvement in position will 
take place. 

Should reduction be found to be incomplete, either by measurement 
or X-ray examination, some other method must be adopted. 

Fixed extension is more suitable for children over the age of four, in 
whom it is usually easy to obtain complete reduction at the first 
attempt. 

Screw traction should not be used for treatment of fractures of 
the femur, as a general rule. Its chief application is to the tibia, but 
in certain cases which are to be treated in plaster-of-Paris, the use of 
screw traction may be indicated. 

Adhesive strapping : The chief applications for this method are in : 

(i) Children ; (ii) Poorly-developed adults ; and (iii) The later stages 
of treatment after the removal of skeletal traction. 

Its usefulness is limited by : (i) The breaking strain of the material ; 

(ii) Its adhesive power to the skin ; and (iii) The amount of pull that 
may be applied to the skin without the development of sores. 

In general, it may be said that 10 lb. is the limit of weight which 
can be used in conjunction with strapping, and as this weight is 
insufficient to reduce overlap of a fractured femur in a well-developed 
adult, the method of traction by adhesive strapping is a limited one. 

The best type of strapping is clasloband — extension bandage (Smith 
and Nephew). This material is not expansile in the length of the 
strapping, but will stretch in width and therefore fits the limb. 

Skeletal traction. The advantages, method, and sites of application 
have been considered in a previous section (see page 4395). 

The Steimnann pin is recommended. If traction is to be made from 
the lower end of the femur, the pin should be used in preference to the 
wire as it is difficult to control the direction of a wire, owing to “ whip ” 
in tlie portion passing through soft tissue. 

Site for traction (see fig. 2371). 

The upper end of the tibia is usually advised, because it is : 

(i) Accessible ; (ii) Remote from the knee joint ; and (iii) Remote 
from the licematoma surrounding the fracture. 

Common sense must he used in the choice of site, but a pin inserted 
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through, the lower end of the femoral shaft has the following obvious 
advantages : (i) A direct and better control of the lower fragment of 
femur is obtained. More powerful traction is possible, (ii) The traction 
is not applied through the ligaments of the knee joint, so that the risk of 
an unstable knee is avoided, (in) The knee is left free for movement 
from the first. In spite of assertions to the contrary, the knee joint is 
no/ easily moved when the pin is placed in the tibia, (iv) Damage to the 
knee joint is inexcusable. It may be avoided by placing the pin in 
the lower third of the shaft and not immediately above the condyles, 
(v) Damage to the femoral artery is unlikely to occur if ordinary care 
is taken. 

Direct contra-indications are : (i) Fracture in lower third (pin 
through site of haematoma) ; and (ii) Local sepsis or potential sepsis 
(i.e. an open fracture). 

Anesthesia. Deep general anaesthesia is required during the stages 
of insertion of the pin, manual traction, and adjustment of the splint. 
It is of great advantage to apply manual traction even if skeletal 
traction is to be used subsequently, as a large amount of overlap may 
be reduced when the muscles are completely relaxed. In Continental 
clinics, local anaesthesia is the routine method, but it seems better to 
reserve it for special cases in which the administration of a general 
anaesthetic is inadvisable. 

Treatment of Fractures of the Femoral Shaft at different Ages 

(1) Birth injuries to the femur are unusual, but may result from 
traction applied to the groin or leg during a breech delivery. The best 
method of fixation is to flex the thigh acutely on the abdomen and to 
maintain contact by means of a few turns of flannel bandage. Added 
support may be obtained, if required, by a moulded splint of metal or 
plaster, applied to the flexor aspect of the thigh and bandaged into 
position against the abdominal wall. Traction is not required. Fixa- 
tion must be maintained until firm union is found upon clinical examina- 
tion, usually a matter of 3-4 weeks. This method enables the baby to 
be suckled and his excreta to be attended to with little difficulty. 

(2) Children under five years of age. The fracture is almost always 
oblique. The best method of traction is that of Bryant. Adhesive 
strapping is applied to both legs from groin to ankle. The child is 
treated on his back, with the lower limbs flexed to a right angle with the 
trunk. A Balkan beam or other bed frame is fitted to the cot and a 
cord from the injured leg passed over a pulley on the beam ; sufficient 
weight is attached so that the child's buttocks are just clear of the 
mattress. The weight of the child’s body acting through the site of 
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fracture is sufficient to bring about reduction. For the purposes of 
nursing it is convenient to tie tbe other leg loosely to the beam. Pro- 
vided the knee of the sound leg can be flexed slightly, no interference 
with traction will result. The addition of back splints and foot-pieces 
to the fractured limbs helps the stability of the apparatus. 

After four weeks, union will usually be firm enough to dispense with 
traction. The child should be kept in bed for another four weeks 
before weight-bearing is allowed, and it is usually advisable to apply a 
light plaster-cast during this period, for the sake of protection to the 
soft callus. 

(3) Children over jive years of age. These cases are best treated by 
“ fixed extension ” applied by means of adhesive strapping and using a 
Thomas splint of suitable size. The strapping should be applied 
dowu each side of the leg, extending from groin to ankle. No pro- 
vision need be made for knee movements, as full movement will 
always be obtained at this age, provided accurate alignment has been 
secured. All overlap can be overcome by manual traction at the time 
of application of the splint, but should any persist, it is easy to tie a 
cord to tbe end of the splint and to apply a weight of 5 to 10 lb. This 
method of combined fixed extension and weight extension is perfectly 
rational. The “ fixed ” portion prevents any recurrence of overlap and 
the weight is used to overcome any that is not already reduced. Ail 
that is necessary is to take up any “ slack ” in the strapping (i.e. see 
that the ring of the splint is against the tuber ischii) by daily adjust- 
ments. 

An added advantage is that the application of a small weight 
relieves the pressure of the splint ring against the skin of the buttock 
and so prevents chafing. 

Note. With all extension apparatus a daily inspection is required. Spirit 
and powder should be *' worked in ” within the ring and at all pressure points, 
and care taken to see that the bandage shng3 on the splint are at the correct 
tension to prevent angulation. Special attention to the regions of the tuber 
ischii over the tendo Achillia and heel is advisable. 

In from five to six weeks tbe splint may be removed or, alternatively, after 
three weeks, when the union is moderately firm, the leg may be put into a plaster- 
cast, including the pelvis and the foot. 

In nearly every case this simple procedure can be carried out tciihout an 
anaesthetic. The method is convenient as the child, once in plaster, can bo sent 
home. 

Weight-bearing should not be allowed for eight or nine weeks as a minimum. 

(4) Adolescents and adidts. In the majority of these cases, skeletal 
traction should be used as a routine (see fig. 2411). Counter-traction is 
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made bv raising tbe foot of the bed 12 to 18 inches. A muscular patient 
will require a weight of 15 to 20 lb. at the outset, and during the first 
week X-ray checks should be taken on alternate days. The weight can 
be adjusted according to the X-ray findings. Ocer-erteusion must be 
avoided. At the end of a week, all overlap should be overcome and the 
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optimum weight for maintenance of the fracture in good position 
should have been found. 

The most useful splint is the Thomas. It should be provided with a 
hinged knee-piece, as shown in the illustration (fig. 2412). An adhesive 
strapping extension should be applied to the lower leg, and a small 
weight (5 lb.) added in* the manner shown in the illustration. In 
either case, the knee should be slightly flexed so that tlvc leg and foot 
are clear of the extension cord, which is in the line of the femoral shaft. 

Having applied traction, the next step is to adjust the slings so 
that the normal forward bow of the femur is restored. The slings 
should be fastened with large safety-pins ; the “ paper clips ” so ofteu 
used are liable to slip gradually, thus allowing angulation to recur. The 
thigh and leg may be covered with flannel for warmth, and a “ tea 
cosy ” forms a suitable covering for the foot. All coverings must be 
readily removable for daily inspection. 

Finally, provision must be made against fool drop. The best method 
is to attach a cord to the sole of the foot by a strip of adhesive plaster, 
and to pass the cord over a pulley. A small weight (1 lb.) pulls the foot 
up to a right angle and at the same time allows the patient to exercise 
the ankle. 

Counterpoise. If a Thomas splint is used, the splint and leg 
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tplint, end *npport to keep foot at right angle. Foot of bed retard on block*. Divided mutter** i* employed. 

should be slung clear of the bed by means of a system of counterpoise 
weights. Two cords and weights are needed. One passes from the 
splint ring over pulleys to the head of the beef. A bout 5 lb. freight should 
be attached. This is enough to counterbalance the upper end of the 
splint when the patient is lifted for the purposes of nursing. The other 
cord is attached to the lower end of the splint and will need more 
weight (10 lb.) to balance the weight of splint and leg, so that it is kept 
clear of the bed. On no account should the splint be tied directly to 
the bed-rail. 

Knee movements. Lateral movement of the patella is carried out 
from the commencement. 

After four weeks, if union is progressing well, passive luce move- 
ments may be started. A ‘‘string and pulley” arrangement which 
enables the patient to do this himself is valuable. 

Faradic stimulation of the quadriceps is a valuable adjunct until the 
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patient can learn to contract tlie muscle actively. This should be done 
for ten-minute periods, several times a day. The services of a masseur 
axe necessary at this stage. The progress of union and position should 
be checked each fortnight by X-ray examination. 

Removal of pin or tcire. In the majority of cases, it is quite safe to 
leave the pin in situ for 6-8 weeks. If inspection of the site of the pin 
shows clean wounds, there is no reason why the pin should not remain 
in the limb longer. When the skin is removed, skeletal traction should 
be replaced by an adhesive strapping extension. Two sets should be 
applied, one set exerting traction in the line of the femur, the other in 
the line of the tibia— this may be applied when the primary setting is 
done — being fixed to the movable portion of the splint, and thus allowing 
knee movements to be continued. The strapping extension should be 
applied before skeletal traction is removed. Should suppuration appear 
at the site of the pin. it must be removed forthwith. 

Usually at the end of 10-12 weeks traction may be relaxed 
and the splint removed. Some delay in union is common and the 
decision to remove apparatus must be made upon clinical and X-ray 
findings. 

After-Treatment. Faradism and active exercises designed to strengthen the 
muscles and to increase the range of knee-flexion must be continued. A weight- 
bearing caliper must always be provided, and no weight-bearing should be allowed 
for at least another six months. 

Difficulties in treatment. 

(1) The surgeon is often asked to see late ” cases, which have been 
inadequately treated during the “all important first week. Pro- 
longed skeletal traction or open operation may be required to obtain a 
satisfactory result. 

(2) Correction of lateral displacement is sometimes difficult. The use 
of sorbo-rubber pads, attached to a small clamp and screw which can 
be fixed to the bar of the Thomas splint, will usually overcome this 
difficulty. Lateral pressure can he applied by this means at the 
appropriate site. Lateral displacement seldom leads to such disability 
as follows unreduced antero-posterior displacement. 

# ( 3 ) Angulation is easy to correct by pads or by adjustment of the 
slings when there is no overlap. 

(4) In cases of delayed union , the temptation to relax traction must 
be resisted. Traction must be continued until union is firm. 

Delayed union may be brought about by excessive ardour on the 
part of the masseur or patient, or by over-extension. If sufficient rest 
and time be given, union will usually occur. 
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Late Complications. 

(1) Shortening of more than |-inch should be regarded as a bad result. 

(2) Stiff Knee, due to : 

(a) Prolonged fixation; or (6) Excessive callus formation in 
fractures of the lower third of the shaft. The quadriceps become 
adherent to the bone. Excessive callus means union in a bad position, 
and the complication will not occur in a well-ah'gned fracture. 

(3) Angulation. This is due to inefficient treatment or to weight- 
bearing before the callus is consolidated. A badly-fitted caliper will 
allow it to occur. 

(4) Arthritis in knee and hi p may occur as a result of malunion ; 
abnormal and excessive strain is thrown upon these joints. 

Indications for Operations. 

( 1 ) Early. It is difficult to make out a good case for early operation 
in fractures of the femoral shaft, in view of the excellent results obtain- 
able by skeletal traction. The risks of sepsis, delayed union due to in- 
ternal fixation by foreign bodies, and the technical difficulties, are great. 

Provided asej>sis can be assured, however, operative fixation should 
still have a place for those cases in which skeletal traction has failed to 
obtain good alignment after ten days. Exposure of the shaft is made 
through an antero-lateral incision between the vastus externus and 
rectus muscles. Only the crureus need be incised. Plating is the best 
method of fixation, and a stout plate provided with eight screw holes 
should be used. 

(2) Late. Cases of non-union or malunion may require open 
operation. Bone-grafting with or without additional fixation will 
probably be needed. 

Treatment in Plaster-Cast. 

Apart from children, the method has a very limited application 
owing to the impossibility of maintaining traction and to the prolonged 
fixation of joints which is inevitable. The method should be used for 
adults only in those few cases which arc uncontrollable by other means. 
Mental derangement, lunacy, or when prolonged recumbency is 
undesirable, may be cited as examples. The cast must be applied 
while the femur is under traction on an orthopaxlic tabic, and should 
include the pelvis and the whole of the injured leg. 

Supracondylar Fracture 

It is important to realise that the lower fragment will be tilted 
backteards by the pull of the gastrocnemius. The sharp upper end of 
it may damage the popliteal vessels or nerves. Genu rccurvatum will 
result if the deformity is not corrected. 
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Treatment is by skeletal traction, and the knee must be well flexed. 
A Thomas splint is used, bent at the site of the fracture. A pad behind 
the site of fracture may help to push the lower fragment into alignment. 

Fracture of the Condyles 

One condyle may be fractured from the shaft when the knee joint 
is forced into a varus or valgus position. Tear of the opposite lateral 
ligament may occur. 

Both condyles may be fractured in falls upon the foot from a height. 
The upper end of the tibia is driven between the condyles like a wedge. 
The line of fracture is into the knee joint, and much effusion of blood 
into the joint will be present. 

Treatment. (1) Manipulation may be tried. It should co nsis t of 
traction on the leg by an assistant, while the surgeon exerts pressure on 
the condyles with his hands. If successful, the joint is fixed in a plaster- 
cast. extending from buttock to foot. The knee should he straight. 

(2) More often, open operation will be required. A long lateral 
incision is made and the joint emptied of blood. The fragments are 
manipulated into position with bone levers, and fixed by bolts, screws 
or plates Gentle knee movements may be started in 3-4 weeks. 

In either case after G-8 weeks a weight-bearing caliper should be 
worn Separated Epiphysis 

{Reparation of the lower femoral epiphysis is an uncommon injury, 
but may occur before the epiphysis joins the shaft at about the 
twentieth year. The injury is one of hyperextension of the knee’ joint 
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so that the fractured surface of the epiphysis looks backwards (fig. 
2413). 

Treatment , This should be immediate manipulative replacement 
under general anaesthesia. Fixation may be in a plaster-cast with the 
knee flexed 20 degrees or, alternatively, the limb may be placed on a 
Thomas splint with extension. Should manipulation fail, skeletal 
traction must be made from the tibia. Knee movements may be 
started in four weeks, and a caliper should be worn subsequently. 

PATELLA 

The bone is fractured in two ways : 

(1 ) By muscular violence. (Common in middle age.) The fracture 
is always transverse, about the middle of the bone, but may be nearer 
the upper or lower pole. It may be a crack, but commonly there is 
wide separation of the fragments, due to the action of the quadriceps 
muscles. It is important to realise that the line of fracture invariably 
extends sideways into the lateral patellar ligaments, which are part 
a 


Fig 2414 — (a) Illibtratu separation or patella traomexts with in tcrmno or the aconelrosis. 

(1) FIBROUS UNION JOINS Til* MUQMLNTS IN AN UNTREATED CASK. 

of the extensor mechanism of the knee. The aponeurosis covering the 
bone is also torn, and the frayed edges curl in between the bone frag- 
ment (fig. 2414a), thus preventing bony apposition except by open 
operation. Fibrous union is certain to occur if the fragments arc 
separated (fig. 2414b). The result is an unstable knee joint. 

Rupture oj the quadriceps tendon may take place instead of fracture 
of the patella (see also Vol. II, page 34G2). 

(2) By direct violence. This type occurs as a result of a direct blow 
on the patella. The fracture is stellate, and a minimum of displacement 
of tiro fragments is the rule. 

Diagnosis. (1) Transverse type. 

(a) History of having tripped, this being followed by pain. The 
patient attributes the accident to liis subsequent fall, (b) Inability to 
extend the knee joint, (c) Great effusion into the joint, (d) A gap 
may be felt between the fragments ; this may he masked later by 
blood clot and effusion, (e) X-ray examination. 

(2) Stellate type. 

The diagnosis is made upon the history of a direct blow, together 
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with local tenderness and effusion. In the skiagram a bipartite patella 
must not he confused with a stellate fracture. 


Treatment. 

(1) Transverse or stellate types, without displacement. A firm 
pressure-bandage is applied. The joint is immobilised in full extension 
on a posterior splint. It is best to mould a plaster slab to the limb, 
from the buttock to the ankle, but a wooden “ Ham splint ” forms a 
useful first-aid method of fixation. The limb is elevated upon a pillow. 
When swelling and pain have subsided, the patient may walk ; after 
three weeks the splint may be removed daily for active exercises to 
the knee, but no walking should be attempted without it under six 
weeks. 

(2) Transverse type icith separation of fragments. The limb is 
elevated and a pressure-bandage and posterior splint are applied. The 
skin is carefully prepared for operation, which is usually undertaken 
four days after the injur}’. 

The patella is exposed by a horse-shoe incision, convexity upwards ; 
the incision should extend well laterally, so that adequate exposure 
of the lateral patellar ligament is made. The fragments are cleared of 
blood clot and aponeurosis, and excess blood is gently squeezed out of 
the joint. The methods of fixation of the fragments available are : 

(а) A number of catgut stitches are passed through the aponeurosis 
covering the two fragments of bone and are pulled tight to approximate 
the fragments. The tear in the lateral part of the capsule is closed by 
catgut sutures. No suture passes through the bone. 

(б) Each fragment is drilled vertically or horizontally and a 
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“ mattress ” suture of stout catgut or kangaroo tendon is passed 
through the holes. When tightened, the fractured surfaces should be 
in close apposition. 

(c) A stitch is passed deep to the aponeurosis, and made to encircle 
the patella, like a purse-string. 

In each case care must be taken that the articular surfaces are in 
accurate alignment. Careful suture of the layers of aponeurosis on 
either side and in front of the patella is next made, and the skin 
incision is then closed. 

The first type of suture is suitable when the bone fits together easily 
and the aponeurosis is thick and takes the stitch well. The second type 
should be considered as the routine treatment. The stitch round the 
patella can be employed as an adjunct to either of the above methods 
or may be used alone. As a rule, it does not hold the transverse fracture 
well if employed alone. 

(3) Stellate fracture ivith sjiread of the fragments. The operation 
employed is exposure of the patella, clearance of ragged tags of 
aponeurosis and encircling of the patella with a purse-string suture of 
thick catgut. 

After-Treatment. A firm bandage and a posterior splint are applied over the 
dressings and the limb is elevated. The stitches are removed on the tenth day. 
The splint should be worn for six to eight weeks, and walking may be commenced 
after three weeks. Faradism to the quadriceps muscles is possible without re- 
moving the posterior splint. Active knee-joint movements are started in six weeks. 

Complications. 

(1) If silver wire is used as a suture material, sepsis and bone 
atrophy may necessitate its removal. 

(2) Re-fracture is not uncommon. The other patella sometimes 
fractures during the period of convalescence. 

(3) Some arthritis and stiffness of the knee is likely, as most of the 
patients with this fracture are middle-aged. 

TIBIA 

Fractures of the upper end of the tibia extending into the knee joint 
are of : 

(1) The tibial spine. 

(2) The condyles of the tibia. 

The Tibial Spine 

It is important to be aware of the existence of this injury, and to 
lealisc that the diagnosis is not difficult and that a definite line of treat- 
incut should be adopted ijnjnediatcly. 
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It is an “ avulsion fracture,” produced by violent tension on the 
anterior crucial ligament. As the latter is tense in extension, the 
violence is a forced hyperextension of the knee. The portion of bone 
tom up is usually about 4-inch wide, f-inch from before backwards, and 
i_inch thick. It is the area of attachment of the anterior crucial liga- 
ment. This portion of bone is elevated from its bed, so that it lies just 
above the level of the surface of the tibial head. The injury may occur 
in children under ten, but is most frequently seen in men between 
twenty and thirty. The history is that of a severe wrench. There is 
an effusion of blood into the joint, and pain at the line of the joint. 
The knee is locked so that full extension is not obtainable. With little 
displacement it will be locked at 170 degrees, but commonly at 150 
decrees, so that the knee is 30 degrees short of full extension. There is 
abnormal antero-posterior movement so that the tibia can be displaced 
forwards on the femur. The antero-posterior skiagram shows a piece 
of bone in the joint, centrally placed, and this is seen in the lateral 
view also. 

Differential Diagnosis. When there is little displacement, the lesion 
may be mistaken for a displaced semilunar cartilage owing to the 
locking. The skiagram will show the bony lesion. In an anterior 
crucial ligament tear alone, there is no bony block and a normal X-ray 
picture. In injury to articular surface of femur, tibia or patella, a 
fragment may be displaced and cause similar symptoms. The history 
in this type of case may not relate the exact type of violence. Bony 
block occurs, but laxity of antero-posterior movement is not present 
unless lateral ligaments have been tom. The X-ray film will show the 
hollow from which the piece of bone and articular cartilage have been 
detached. 

Treatment. There is some divergence of opinion as to whether every 
case should be operated on to refix the detached piece of bone, or 
whether operation should be limited to those cases with considerable 
(J-inch) upward displacement. 

The non-operative treatment consists in manipulating the knee 
straight under an anaesthetic and fixing it in plaster. For such a manip- 
ulation to be a success it implies that the piece of bone is pressed 
back into its notch and remains there. In view of such an improba- 
bility, it is my opinion that this line of treatment should be limited 
to patients on whom an open operation is contra-indicated, or to those 
who realise that, if the post-manipulative X-ray photograph shows the 
displacement still present, an open operation will be necessary. 

By operative treatment, a perfect reposition and a strong knee are 
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obtainable, wliereas with the best manipulation the piece of bone is 
left slightly elevated so that the anterior crucial ligament is looser than 
normal. Removal of the fragment of bone is to be condemned. 

Procedure. A tourniquet is employed. The knee is flexed 45 
degrees from the extended position. The incision, which is nearly 



(a) Mh»i the fra-nc nt of U.ne drvstcd from the U|>|wr surface uf tl>e tibia. Line of dnll ! roles are indu sted. 
(t) Une of slid inus.on used for exjxwure. 

(f) lateral \iew to show tmor (raiment is delated. 

(if) Lateral Mew after rt|ii‘emeut and fixation of fragment. 

G inches long, commences above on the inner side of the patella, I-inch 
from its lower border, and extends downwards parallel to the inner 
border of the infra-patellar ligament to just below the tubercle of the 
tibia. The capsule and synovial membrane are opened in the same 
line. A retractor is placed on the infra- patellar ligament and, if free 
access to the front of the joint is not likely to be obtained, the tibial 
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tubercle is removed with a chisel, flush with the crest of the tibia, 
awd the ligament and patella are retracted outwards. (This is 
unnecessary in a child.) With a dissector the edges of the fracture 
are defined and the fragment is carefully elevated. Blood clot and 
any loose cancellous tissue is removed from the notch. The fragment 
of bone is fitted into the notch. 

Should the assistant elevate the leg, it will be seen that the fragment 
will leave the notch again. 

AVith a morse drill not larger than A-inch, two drill holes are 
made from the anterior surface of the tibia, deep to the normal position 
of the infra-patellar ligament, obliquely upwards and backwards as 
shown in figure 2416. Catgut No. 2 threaded on a needle is passed 
up one hole, through the attachment of the crucial ligament to the 
fra foment of bone and down through the second drill hole (alternatively 
it can be passed directly through the fragment, but drilling the frag- 
ment may split it). The assistant presses the fragment home with a 
pair of forceps whilst the stitch is tied in front of the tibia. The knee 
should now be extended to see that the fragment does not move. If 
this does occur, it shows that the stitches are too loose. 

The tibial tubercle is fixed into place with stitches or a nail. The 
joint and skin are closed. The limb is put in plaster with an extended 
knee for ten weeks. AYeight-bearing is allowed after a month, but no 
joint movement until the plaster is removed. A window can be cut 
for faradic stimulation. 

The Condyles of the Tibia 

The condyles are fractured by forcible abduction or adduction 
injuries of the knee (fig. 2417). The fracture line, of necessity, runs 
into the knee joint, and considerable effusion of blood will usually be 
found. Tearing of the corresponding semilunar cartilage is a frequent 
complication, particularly when the outer condyle is fractured. It may 
be displaced, so as to lie between the broken fragment and the fractured 
surface of the shaft. 

Displacement. The triangular portion of condyle is displaced 
downwards, causing irregularity of the articular surface of the tibia. 

Should the fracture remain unreduced, two serious complications 
are likely to follow : (a) Gross osteo-arthritis of the knee, with corres- 
ponding diminution in the range of movement ; and (6) Genu varum, 
or valgum, according to the condyle involved. 

Fracture of both condyles is a rare injury, but when it happens the 
tibial shaft is forced between them like a wedge. 

Treatment. Should great effusion be present in the joint, it may be 



ORTHOPAEDICS 


4493 


wise to rest the leg for a few days on a Thomas splint, bent at the 
knee, or on a Braun frame. A firm pressure-bandage should be applied 
to limit the effusion. 

Reduction. 

(1) By manipulation. An anaesthetic is given and the knee strongly 
abducted, for fracture of the internal condyle. The internal lateral 
ligament remains attached to the fragments and pulls it upwards into 



position. Direct pressure on the fragment (by the fingers) may be 
of assistance. The reverse manoeuvre is applied for fractures of the 
external condyle. 

(2) Should manipulation Jail, a Stcinmann pin is driven firmly into 
the fragment, which is then levered into position. 

(3) Incomplete reduction should be treated by open operation. 
The fracture is exposed by a vertical curved incision, blood clot cleared 
away, and the loose fragment fixed by a couple of bone pegs or a wood 
screw. Removal of the corresponding semilunar cartilage may be 
necessary. 
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Needless to say, exceptional care must be taken that the skin of the 
operation area is intact, free from blisters, and carefully prepared by a 
three-day preparation. During the operation the knee joint is opened 
and the consequences of sepsis made correspondingly serious. 

(4) Fracture of both condyles necessitates : 

(а) Traction in the screw-traction apparatus from a pin through 
the os calcis. 

(б) Lateral compression to force the displaced fragments into 
position, by the hands or by the compression clamp. 

After-Treatment. The fracture having been reduced, the knee is fixed in a 
plaster-cast extending from the buttock to the toes. The joint should be in full 
extension but not over-extended, and care must be taken to avoid genu varum or 
valgum. Antero-posterior and lateral X-ray pictures are then taken as a check 
of accurate reduction. 

A walking-iron may be applied and the patient allowed to get about after a 
week. The plaster should remain on for ten weeks. 

Should it be decided to treat the case by mas sage and mobilisation, the cast 
should be bivab ed after four weeks. Great care must be exercised, as the deformity 
is liable to recur, especially if weight-bearing is allowed too early without adequate 
support. 

If traction fails to reduce the displacement, open operation is 
advisable. The fragments are aligned correctly and held in place by a 
metal screw and bolt. Tlii3 is passed transversely about J-inch distal 
to the joint. The advantage of the bolt is that, as it is screwed tight, 
the fragments are compressed. It is advisable to remove the bolt 
about eight weeks after the operation. 

Shaft of the Tibia 

The common site for fracture is in the middle third. Two types 
occur frequently: (1) The transverse fracture, due to direct violence 
and often associated with a skin wound ; a large proportion of these 
result from motor-cycle accidents in young adults. (2) The oblique 
fracture, due to indirect violence or torsion. If a skin wound exists in 
tins type, it is due to the sharp bony point of the lower fragment being 
forced outwards and not to the causative violence. 

In children, the fracture is almost invariably of the spiral type, 
with little or no displacement. Fracture of the fibula is commonly 
associated. In the transverse type of fracture, the fibula is usually 
broken at or about the same level as the tibia. In the oblique type, 
the break in the fibula is 2 or 3 inches higher than the tibial fracture, 
but fracture of the neck of the fibula is often associated with fracture 
below the middle of the tibia. 
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Deformity. In adults, this is often considerable. *’ 

(1) Transverse fracture, (o) Fibula intact: little or no shortening ; 
lateral displacement or angulation. (6) Fibula fractured : shortening 
and lateral displacement with angulation. 

(2) Oblique fractures, (a) Fibula intact : angulation or lateral 
displacement. (b) Fibula fractured : shortening, in addition. 

(3) Spiral fractures in children (fibula often intact ) : deformity 
usually limited to slight shortening and lateral displacement,. 1 

Complications. 

(1) Open fracture is by far the commonest complication in adults. 
If the skin wound be a mere puncture, as it frequently is, many of these 
cases can be treated as if they were closed fractures, and run the normal 
course of a closed fracture. Should sepsis supervene, however, local osteo- 
myelitis with sequestra formation will greatly delay the time of union. 

(2) Comminution is frequently found in the transverse type due to 
direct violence. A triangular portion of bone may be detached or a 
number of smaller fragments may be present. Some may undergo 
necrosis, if torn from the attached muscle and periosteum. 

(3) Malunion is seen more commonly than it should be. This may 
be attributed to faulty reduction, or to inefficient fixation for a suffi- 
ciently long period. Removal of the plaster-cast for “ massage ” before 
union is firm is another frequent cause. 

The most serious cases of malunion are those with angular deformity. 
Slight shortening is of less importance. Sometimes a large, unsightly 
mass of callus forms around one of the detached fragments. Its 
presence is of no consequence except from the cosmetic point of view. 

(4) Non-union results from : (a) Sepsis ; (6) Over-traction with 
interposition of soft parts ; (c) Insufficient splintage ; and ( d ) Mal- 
position. 

Treatment. 

(1) Children. Should displacement he present, correction under an 
anaesthetic by manual manipulation is usually all that is required. It 
is rare that the need for continuous traction arises. Fixation is by a 
well-fitting plaster-cast, extending from mid- thigh to the tip of the toes. 
The knee should be flexed 15 degrees, with the foot at right angles. 
Accuracy of reduction should be checked by antcro-posterior and 
lateral X-ray films taken through the cast. 

In small children it is well to protect the heel of the plaster with a 
pad of felt or to apply a wooden “ sole ” to the cast, otherwise the 
plaster will be found soft and cracked after a few hours of play by the 
child. 
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In older children a walking-iron may be fixed as soon as the cast is 
hard. In oblique fractures, however, the child should not bear weight 
on the leg for a month, as the risk of over-riding of the fracture inside 
the cast is great. 

All splinting may be removed in from 6 to 8 weeks. 

Xde, It should be an invariable rule that all cases of recent fracture treated 
in plaster-of-Paris should be inspected within twelve hours of application of the 
cast. Better still if they can be admitted to hospital for twenty-four hours. 
Neglect of this precaution may result in pressure sores, swollen limbs, ischsemia 
or gangrene, apart from intense pain to the patient. 

At the slightest suggestion of swelling or blueness of the extremities, the cast 
must be split open and the limb elevated. It is important to remember that 
wadding or bandage beneath the plaster should also be cut. 

{2) Adults. Three methods are available : 

(а) Manipulative reduction followed by plaster-cast. 

(б) Reduction by means of the screw-traction apparatus of Bohler 
or AVatson Jones, followed by plaster-cast. 

(c) Continuous skeletal traction on a Braun frame for two or 
three weeks. Later, a plaster-cast. 

(а) If the case is seen early, before much swelling has appeared, 
it is occasionally possible to “ hitch ” the fracture under an anaesthetic, 
and to fix it immediately in plaster. It is only possible to “ hitch ” 
transverse fractures in this way aud the method is of limited application. 

(б) Screw traction is particularly useful in oblique fractures. The 
essential points in the method are : 

(i) The shortening is overcome by mechanical traction, and lateral 
displacement is corrected by pressure with the hands at the site of the 
fracture. 

(ii) The knee is flexed to a right angle in order to relax the calf 
muscles. This is an essential step. Counter-tractiou is made by the 
bar of the apparatus against the lower part of the thigh, just above 
the popliteal space. 

(iii) When reduction is satisfactory, a plaster-cast is applied and 
allowed to “set” before the traction is released (see Vol. II, fms. 
1949 and 1950). 

Method. The patient is anaesthetised, and the heel prepared and 
painted with iodine. A Steinmaun pin is inserted through the os calcis, 
and a stirrup applied. An assistant makes manual traction from the 
stirrup, while the leg is lifted on to the traction apparatus. The bar 
for the knee must be well padded with felt or sorbo rubber, and should 
be adjusted to such a height that the knee, when resting upon it, is 
flexed nearly to a right angle. The stirrup is attached to°the hook of 
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the traction screw. It is convenient to have a spring balance between 
stirrup and hook, so that the actual traction may be read o£E in pounds, 
but this is not essential. The screw is gradually tightened, and a careful 
check is kept upon the measurement of each tibia (from the upper end 
to the internal malleolus. Both legs should he in the same position 
while the measurement is taken.) If the fracture can be “ screened ” 
in the theatre, so much the better. 

When all shortening has been overcome, the site of the fracture is 
massaged in order to remove any cedema, and the subcutaneous surface 
of the bone is palpated. Any lateral displacement is corrected by 
pressure with the two hands from either side. 

The leg, if hairy, is smeared with vaseline to prevent adhesion of the 
plaster. 

A plaster slab is made, 0 inches wide and of sufficient length to 
extend from the knee to the toes, as measured along the back of the 
leg. It is applied directly to the skin, without padding, and bandaged 
along the calf with smooth turns of flannel bandage. That portion 
for the foot is now moulded round the heel and cuts are made at the 
corners to make it lie smoothly. The foot portion should be held by 
an assistant until hard. The corners may be made quite strong by 
splitting the layers of plaster and dovetailing them together alternately. 

When correctly applied, there should be a strip of skin uncovered 
by plaster, about 2 inches wide down the front of the leg. A thin 
layer of wadding is now laid over this gap in the plaster. Finally, two 
or three plaster bandages are applied in the ordinary way so that the 
whole leg from knee to foot is encased. When the plaster is set, 
traction is released and the apparatus removed. The knee is now 
protected by wadding and the cast continued up to the middle of the 
thigh. The pin is removed through a small hole in the cast. 

The position of the fracture is checked by means of X-rays. When 
this method is used, the patient may walk in a few days with a walking- 
iron fixed in the plaster. 

Modifications. 

(i) It is sometimes recommended that a complete plaster-cast be 
applied without the preliminary slab and wadding. If this is done, it 
is essential to split the cast immediately along the anterior surface 
throughout its whole length, as considerable swelling of the limb may 
occur after screw traction is released. 

{») Instead of carrying the cast above the knee, a firm hold on the 
upper fragment may be obtained by inserting a second pin through the 
upper end of the tibia. In this case both pins are left in situ and 
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incorporated in the plaster. As an alternative to the pin through the 
os calcis, one may be placed through the lower end of the tibia. 

(c) Continuous traction. This should be used : 

(i) Where screw traction has failed. (In this case the plaster slab 
is not applied, but the fractured limb is immediately transferred to a 
Braun frame and continuous traction applied.) 

(ii) As an alternative to screw traction. 

(hi) Where the fracture is complicated by a large wound or by 
sepsis. 

(iv) In late cases, in which deformity has not been corrected at 
the outset. 

Method. The patient is anaesthetised, a pin is inserted through the 
os calcis, and a stirrup then applied. 

The limb is laid upon a Braun frame and a weight of 10-15 lb. 
attached to the stirrup. After a few days a set of X-ray films is taken 
and anj' necessary adjustment made. Special care is taken that the 
limb is not over-extended and, when shortening has been overcome, 
the weight is reduced. Usually in from 3-d weeks the callus is suffi- 
ciently firm to allow the application of a plaster-cast. This should be 
applied in the manner already described, but the layer of wadding may 
be replaced by one turn of flannel bandage. The slab should be applied 
before traction is released, the slings on the Braun frame being 
removed for the purpose. When hard, the limb is lifted clear of the 
frame, stirrup and pin are removed, -and the plaster-cast is completed. 
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Should a wound be present, “ an inspection window ” may be cut in 
tlie plaster. 

After-Treatment. The majority of these fractures should be treated by the 
“ ambulatory method ” and a walking-iron fitted as soon as the cast is hard 
(fig. 2418). Patients can walk quite satisfactorily after a little practice, even when 
the knee has been included in the plaster. The use of crutches should be dis- 
couraged, but one or two stout walking-sticks are necessary as a precaution against 
falls. 

With elderly or feeble patients it is difficult or impossible to carry out 
ambulatory treatment, and the wiser course is to “ bivalve ” the cast as soon as 
union is firm and to treat by massage, movements, and assisted exercises. 

The time necessary for complete union varies enormously. Closed fractures 
in healthy young adults should be firm in three to four months, but manual 
labourers rarely return to work under six months. 

Lower Third of the Shaft of the Tibia 

A common fracture, due to indirect violence, is at the junction of 
the middle and lower thirds of the tibia. This oblique fracture — termed 
flute en bee — is associated with a fracture of the neck of the fibula. 

Displacement usually occurs and consists of angulation, rotation, 
and overlap with little lateral displacement. 

Reduction by manipulation is not satisfactory. With skill, skeletal 
traction with a posterior slab may produce complete reduction in perfect 
position. It is often difficult to control the tendency of the lower 
fragment and foot to rotate. 

This fracture is one in which a perfect end-result can be achieved 
by an open reduction, carried out preferably a few days after the 
injury. The approach is easy, and the bones can be replaced accurately 
and fixed by a six-screw Lane’s plate, placed on the surface of the tibia 
facing the fibula. If the plate is placed on the subcutaneous surface, 
it will have to be removed later. The use of a plate is preferable to that 
of a band, more accurate and firmer than wire, and a simpler procedure 
than a bone graft. The limb is put into a light plaster. This is changed 
when the stitches are removed, in order to get a more tightly-fitting 
plaster over less wool. Weight-bearing is not allowed for eight weeks. 
Splinting is usually advisable for twelve weeks from the date of opera- 
tion. As a rule, callus formation is neither rapid nor extensive after 
this operation. 

In children, a partial fracture of the tibial shaft, about 2 inches 
above the ankle joint, is often seen, the fibula being fractured at the 
same level. 

Deformity consists of considerable angulation in the antero- 
posterior plane. Manual correction under an amesthetic is usually easy. 
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(1) Greenstick fracture. If some for m of fixation is not employed, a 
lump of callus due to the subperiosteal hsmatoma vrill form which, is 
sufficient to worry the parents. A pad of felt should be placed over the 
site of the fracture and fixed by strapping. The arm is put in a sling 
and kept within the child’s clothing for three weeks. 

(2) Fractures of the shaft. The weight of the arm assisted by the 
pull of muscles attached to the outer fragment will cause the outer 
fragment to be displaced downwards, inwards and forwards. The 
inner fragment seldom moves. 

Treatment. When displacement exists and the fracture is seen 
within forty-eight hours, reduction should be carried out. An anaesthetic 
is not required. The patient is seated in a chair and the forearm is 
supported by an assistant. The shoulders are grasped and drawn out- 
wards, backwards and upwards. Pressure over the fragment is seldom 
helpful. 

Fixation is required for a month. A pad of felt is fixed in place over 
the fracture with elastoplast. The method recommended is the 
“ handkerchief method ” or some modification of it. The simplest 
arrangement is the loose application of a triangular bandage round each 
shoulder. A pad of wool or felt should protect the axill®. The ends of 
these bandages are tied firmly at the back between the scapula*, so as 
to pull the shoulders back, and the arm is supported in a sling. A 
broad bandage holding the arm to the thorax should be worn at night. 
The objection to tins method is that the bandages tend to get loose 
and the knots at the hack are uncomfortable. 

An equally efficient and comfortable modification consists in the 
use of two 6-inch flannel or domette bandages. A loop is made round 
each shoulder with the end of the bandage. The end is fixed to the 
length of bandage by two safety-pins over the scapula. The long end 
of each bandage is then grasped and pulled so that the shoulders are 
drawn backwards. The ends are crossed in the centre of the back and 
carried round the chest to be tied in front. The arm is supported in a 
sling. 

There are ample reasons for the avoidance of Sayre's method which 
is common!}' employed and is described in detail in most surgical 
text-books. The firm fixation obtained or the interest in its application 
may be reasons for its frequent use, although the discomfort of it is 
considerable. In consequence of the band round the arm, veins are 
obstructed and swelling and oedema occur. The extensive covering 
of the limb with adhesive plaster frequently causes a dermatitis and 
hair follicle infection. There is an unnecessary fixation of the elbow, 
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wrist and hand, which is painful, and massage and joint movement 
cannot be carried out without removing half the fixation. 

Two other methods of treatment should be known, as the practi- 
tioner mav have to treat either type of ease. If the patient is anxious 
to avoid the possibility of any visible deformity and is prepared to remain 
in bed, the deformity should be reduced, even under anaesthesia if 
necessary, and she should lie in bed on her back. A fiat sand-bag is 
placed vertically between the scapulae for three weeks. The arm on the 
affected side is abducted to a right angle from the body and fixed by a 
roller towel and sand-bags. A low pillow is used and a divided mattress 
for use of the bed-pan. 

A rather reverse line of treatment is adopted in the case of those 
who are anxious to continue active use of their arm in spite of the 
fractured collar-bone. It is suitable for jockeys, but those using their 
arms above their shoulder level should not be treated on these lines. 
A felt pad and strapping are applied over the site of the fracture, and 
a sling is worn. Radiant heat and massage are employed to cause 
absorption of the hematoma. The shoulder muscles are kept in good 
condition by faradism. Union will occur, but deformity is usual. A 
second fracture calls for greater fixation, as non-union mav result. 

The fixation by bandages round the shoulder, attached to wooden 
or metal splints applied to the back, keeps the shoulders back but is 
not comfortable or necessary. 

Complications. Injury to the brachial plexus or to the subclavian 
vein is extremely rare. A case of non-union is periodically reported, and 
operative treatment may be required under such conditions. 

Prognosis. Full functional result is obtained almost invariably. 
Although the outline of the bone may not be anatomically perfect and 
its length may be shorter than normal, the use is normal. Operative 
treatment is sometimes required for the complications mentioned, or 
for removal of a spike of bone protruding and uncomfortable owing to 
the braces rubbing the skin overlying it. 

(3) InlerUgamentous fracture is uncommon. If displacement is 
present, it is reduced by placing one hand over the shoulder aud inner 
part of the clavicle up against the neck, whilst the other hand grasps the 
elbow and pushes up both this and the shoulder. 

When there is no displacement, the arm is placed in a sling for 
three weeks. At the end of that time exercises above the shoulder can 
be carried out. 

If there has been displacement, or the shoulder is dropped and 
uncomfortable, a pad of sticky felt, 1x3 inches wide, is placed over the 
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site of the injury. A calico bandage, 4 inches wide, is passed round the 
padded elbow and carried vertically upwards and tied over the felt so 
as to force the elbow up. The free ends of the bandage are passed over 
the chest, one in front and one behind, so as to tie off in front of the 
axilla on the sound side. Adjustments may be required during the 
three weeks this is worn, and a sling alone will be required for a 
subsequent week. 

SCAPULA 

The types of fracture are : 

(1) The body is broken by direct violence, sucli as a crush. 

(2) The acromion process is injured by a fall on the back of the 
shoulder. 

(3) The neck of the scapula and glenoid fossa are fractured by a 
heavy fall on the shoulder and arm. 

(1) Fracture of the body. Comminution is often present, and dis- 
placement is prevented by the supporting muscles. There are signs of 
local injury and often dyspnoea. Other injuries frequently necessitate 
the patient being in bed. When this is the case, the arm should be 
placed in a sling, and heat and massage employed. The patient should 
be placed in a sitting posture, and if well enough to be up, relief will be 
obtained by encircling two-thirds of the chest with broad elastoplast 
and supporting the arm in a sling. 

(2) The acromion process is rarely injured. The outer fragment 
may be tilted downwards, and the diagnosis of dislocation of the 
acromio-clavicular joint be made until the skiagram is seen. The 
treatment is similar to that of interligamcntous fracture of the 
clavicle. 

(3) The neck of the scapula may be fractured : 

{«) Through the neck, including the coracoid process in the smaller 
fragment, or 

(6) Into the glenoid fossa. 

(a) This is rare. The signs are : the shoulder is flattened, there is 
pain on shoulder movement, the acromion and outer end of the clavicle 
are in normal relationship, and there is tenderness at the apex of the 
axilla. The X-ray film shows the body of the scapula to have been dis- 
placed towards the axilla. In a heavy woman with a large shoulder, the 
arm should be put in a sling, and radiant heat and massage be employed 
immediately. Active movements with assistance should be com- 
menced in ten days. In a young patient with normal physique, an 
attempt at reduction may be employed. This consists in fixation of the 
axillary border of the scapula with one hand, and forcible pushing up of 
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the shoulder with the other hand. Fixation is on the same lines as that 

for interligamentous fracture of the clavicle. 

(6) Fracture of the glenoid is usually seen as a complication of sub- 
coracoid dislocation of the shoulder. The diagnosis in an uncomplicated 
case is unlikely to be made from clinical examination alone, as the signs 
and symptoms are those of a fracture into the joint. However, when a 
dislocated shoulder re-dislocates quickly after reduction, and crepitus 
is palpable, the glenoid is likely to have been fractured. 

The arm should be placed in abduction, 90 degrees from the trunk. 
This can be done by plaster, which will necessitate an anaesthetic, or by 
a metal abduction splint. An X-ray picture should be taken to ensure 
that the head is not dislocated during the splinting. Movement of the 
lingers, wrist and elbow is encouraged. After three weeks, the arm is 
placed in a sling and physical treatment employed. 

Prognosis after scapular injuries. After fractures of the acromion 
and body of the scapula, hard work should be possible with full function 
in eight to ten weeks. After fracture of the neck of the scapula most 
patients obtain full movement even when anatomical alignment is not 
perfect. Limitation of rotatory movement and full extension may occur, 
and although most occupations can be followed in three months^heavy 
work will not be undertaken until later. 

Fracture through the glenoid is a more serious accident, and full 
movement, particularly above the shoulder, is unlikely to be obtained. 

NECK OF THE HUMERUS 

Types. (1) With no displacement. 

(2) Adduction fracture. 

(3) Abduction fracture. 

Stereoscopic X-ray pictures are often necessary for an exact 
diagnosis, as a lateral view is seldom obtainable. 

Type 1 (see fig. 2374 — No. 1). There is a crack across the surgical 
neck of the humerus, and the great tuberosity is usually comminuted 
but not separated from the shaft. The fracture occurs only in adults, 
and is produced by trauma applied to the outer side of the shoulder. 

The treatment consists in : (a) Placing in the axilla a pad of wool 
G inches square and 2 to 3 inches thick (depending on the size of the 
patient). The axilla is washed with spirit, dried and powdered. The 
wool pad is covered with gauze to prevent the wool flaking off. 
(6) Binding the ai m to the side with a 6-inch bandage, (c) Placing the 
aim in a sling. 

If swelling and pain are considerable, beat and massage can be 
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employed immediately. Bruising may extend downwards to the 
elbow. After three days pain is slight, and the pad and bandage can be 
left off and the arm kept in a sling. Active exercises, especially 
abduction and external rotation, should he commenced and practised 
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frequently for ten minutes at a time. The forearm, hand and -fingers 

should be used as much as possible, 

A full range of movement should be obtained in two to four months. 
Difficulties only arise owing to prolonged immobilisation. If the arm 
is immobilised for a number of weeks, adhesions occur in the capsule 
between the humerus and lower part of the glenoid so that abduction 
and external rotation are limited and painful. Pain usually persists 
over the front of the joint. Such a condition is seldom relieved 
bv physio-therapeutic measures alone, and manipulation under an 
anaesthetic is required to regain movement. 

Type 2 {see fig. 2374 — Xo. 2). There is an oblique fracture extending 
through the loner part of the great tuberosity downwards and inwards. 
The tuberosity is not separated, and there is often impaction of the inner 
part of the fracture. The injury is caused by a fall on the outstretched 
hand, the limb being carried inwards (adducted) at the moment of 
the impact. The fracture is most common in elderly patients and often 
in heavy women. If the fracture is impacted, the treatment is identical 
with that of Type 1. If it is not impacted, pain is usually greater, and 
the movement between the fragments can be felt by the patient and 
examiner whenever the elbow is moved. The fragments will soon 
adhere together, and release from the chest bandage and commence- 
ment of active exercises should not be delayed longer than one week. 
The sling should be left off as soon as possible and certainly not be used 
all day after a month. Some limitation of abduction and external 
rotation is frequent in elderly patients but is not considered a severe 
disability by them. An amesthetic, manipulation, or prolonged fixation 
is undesirable. 

Type 3 (see fig. 2374 — Xo. 3). There is a transverse or slightly 
oblique fracture (upwards and inwards) through the top of the humeral 
shaft, and the great tuberosity is separated from the head. There may 
be a slight displacement of the shaft inwards, with outward and back- 
ward rotation of the bead, with or without impaction ; or, the upper 
end of the shaft may lie in front and to the inner side of the head. 

The fracture results from a fall on the outstretched hand when the 
arm is straight and away from the body. The treatment and prognosis 
cause greater anxiety than in the case of Types 1 or 2. When the 
fracture is across the shaft, the treatment is easier than when there is a 
spike on the inner part of the shaft. 

If there is little displacement and impaction, no manipulation is 
advised. Otherwise, an anesthetic is given and the displacement 
corrected. Traction is applied to the arm in an adducted position (i.e. 
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arm across the chest) and pressure is applied to the top of the shaft by 
a hand in the axilla. This is directed to replace the fragment or impact it 
into the head. A pad is placed in the axilla, and the limb is fixed to the 
side for three weeks. Radiant heat and massage can be employed to 
relieve pain, without removing the bandage. After three weeks a sling 
is used and active movements are encouraged. Faradism to the 
muscles round the shoulder may be helpful. 

When there is little displacement of the fracture, good function is 
obtained after the manipulation. If no reduction is attempted, or failure 
to correct the deformity results from the manipulation, there is invariably 
limitation of abduction, external rotation, and extension. An elderly 
patient is more likely to complain of pain in the shoulder than of per- 
manent limitation of movement. Therefore, the question may arise as to 
whether further attempts at reduction and fixation should be employed. 
In the middle-aged patient this is advised. An abduction splint — such 
as holds the elbow away from the side— should be avoided, as further 
abduction of the shaft on the head of the humerus may occur and the 
end-result be one of considerable limitation of abduction. 

Improvement in alignment is sometimes obtained by putting the 
patient to bed, with an extension on the arm. A splint similar to a 
Thomas thigh splint is employed. This should not be kept on for 
more than three weeks. The elbow should be moved daily after ten 
days, the extension being released for this purpose, unless a double 
fitting is added to the splint. I have not seen difficulty in the arm 
coming to the side after this method of treatment, but a stiffness of 
the elbow is inevitable in an adult if it is fixed for a number of weeks. 
Operative treatment is not required ; removal of the head of the 
humerus is followed by great weakness of all movements at and above 
the level of the shoulder, so that a patient cannot take a book from a 
shelf above the level of the head. Jones’ ami splint with extension 
bands over the metal bars beyond the elbow is not comfortable when 
used for the treatment of this fracture. 

After union or malunion, the X-ray appearance is no criterion of 
the function of the shoulder. 

Fracture of the neck of the humerus in children (see fig. 2374 — Xo. 4). 

This is caused by a fall on the outstretched hand when the arm is in 
front of the body, or rarely by a fall on to the shoulder. 

It is almost invariably of the adduction type. Tiie fracture line is 
extraordinarily constant ; the head of the humerus, the cartilaginous 
plate, and a wedge-shaped piece of the outer part of the mctaphy»i s 
form the upper fragment. If there is displacement there may l>e (a) 
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impaction on the inner side with crushing, or (6) displacement of the 

shaft forwards in an adducted position. 

IVhen there is no displacement, the treatment is straightforward 
—a pad in the axill a, and fixation of the arm to the side for three weeks, 
and then in a sling for three weeks. Early movement may cause dis- 
placement and is of no advantage as a child or adolescent will readily 
regain movement. 

When there is displacement, an anaesthetic should be given and the 
deformity corrected by traction on the ann, which should be held at 
an angle of 45 degrees from the side of the body. Pressure on the outer 
side of the head of the humerus will help in the correction. Sometimes 
reduction can be accomplished by traction with the arm across the chest. 
A pad is then placed in the axilla and the case treated as if there were 
no displacement. A skiagram of the shoulder should be taken to 
ascertain whether the position is satisfactory. If this method of correc- 
tion fails, a decision must be made whether to leave the deformity or to 
correct it by open operation. The latter consists in exposing the 
fracture on the outer side, placing the fragments in position, and fixing 
the arm to the side. Internal fixation by a plate, screw, etc., is seldom 
required, as it is usually possible to produce and maintain a perfect or 
nearly perfect position without its help. However, if the shaft is left 
in front and to the inner side of the epiphysis, it will unite, but the 
humerus will be short in adult life owing to the union with overlap and 
premature disappearance of the epiphysial plate. There is likely to be 
a shelf at the top of the shaft for two years or more, with slight altera- 
tion in the appearance of the shoulder, but full function. I have seen 
a subluxation of the stemo-elavicular joint follow a malunion of the 
upper end of the humerus in a girl of thirteen, possibly owing to her zeaL 
to regain full movemeut quickly. 

This fracture with displacement should not be treated in abduc- 
tion on an abduction splint. In a few cases the shaft, before it is 
“ gummed ” on to the epiphysis, will sink downwards so that the 
fracture becomes an abduction fracture, and the elbow is held away 
from the side when the arm is removed from the apparatus. 

Fracture of the Great Tuberosity (uncomplicated). 

This may consist: (1) of a comminution of the whole tuberosity 
with little or no displacement, or of a separation of the whole tuberosity 
(sec fig. 2374— No. 5). either of which is caused by a direct blow or fall ; 
or (2) of a slight or complete avulsion of the portion of the tuberosity, 
into which the supraspinatus muscle is inserted (see fig. 2374— No. 6). 
This is due to traction injury. 
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In either type, when there is no displacement, the arm is placed in a 
sling, which is worn continually for two weeks. After that time, the 
patient is encouraged to do without it as much as possible. Heat and 
massage are employed from the date of injury, the elbow and wrist 
being used throughout. Active exercises can be commenced in three 
days, when the immediate pain has disappeared. Adhesions are 
particularly liable to form if the shoulder is immobilised, and active 
movements will be painful and restricted if the shoulder is moved by a 
masseuse. 

Although this appears to be a trivial fracture, pain and stiffness often 
last for some weeks, and full movement with freedom from discomfort 
may not occur for two and a half to four months. 

When there is displacement, it is necessary to bring the bony frag- 
ment in contact with the humerus, for the deltoid cannot abduct the 
arm more than 45 degrees from the body, unless the supraspinatus is 
active as a fixation muscle for the head of the humerus. 

Treatment therefore consists in placing the arm in an abduction 
frame, in a position of 90 degrees abduction and external rotation, so 
that the hand is above the head. This position must be maintained 
for eight weeks, during which time the fingers, wrist and elbow must be 
exercised. At the end of that time, the arm is gradually brought to 
the side and is kept in a sling for two weeks. If the apparatus 
permits, faradie stimulation of the deltoid can be employed during the 
weeks of immobilisation in the splint. 

This small fracture leads to disability — viz. weakness of abduction 
and all overhead movements, unless the fragments arc approximated. 
In view of the discomfort of the apparatus it is reasonable to advise 
the patient that by operative means the length of time the arm is out 
of action can be shortened. Such a procedure is definitely advisable if 
the fragment has been allowed to remain displaced for ten days. The 
operation consists in exposure of the fragment and its fixation in the 
normal position by means of a small bone peg or screw driven through 
it into the head of the humerus. Firm fixation is thus possible and, after 
ten days, treatment will be carried out as if there was a fracture with no 
displacement. 

FRACTURE-DISLOCATION OF THE SHOULDER 
Type 1 . There is a fracture, usually oblique, at the upper end of the 
humerus with dislocation of the head of the humerus out of the glenoid 
fossa. When the fracture is impacted, the great tuberosity is usually 
broken off, and the head displaced laterally into the top of the broken 
shaft. (See fig. 2374 — Xo. 7.) In the unimpacted type, the head tears 
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the capsule and comes to lie in the subcoracoid area. This serious 
injury results from a fall on the outstretched hand when the arm is 
abducted. The treatment is difficult. 

The impacted fracture. Manipulative reduction is usually possible, 
owing to the firm fixation of the bones. If it is successful, the head 
remains on the outer side of the top of the shaft. Disimpaction of the 
shaft from the head generally results in aseptic necrosis of the head, and 
is not advisable. In elderly patients, in those whose general health 
contra-indicates operation, and in left arms, the patient is prepared to 
accept disability ; in such cases it is advisable to put the arm in a sling 
and employ physio-therapeutic methods without delay. The end-result 
will provide the patient with not more than 50 per cent of normal move- 
ments. Movements below the shoulder level are not likely to be painful. 
Complete aukylosis of the joint does not occur if early movement is 
employed. In younger and fitter patients, open operation is advisable. 
The joint is exposed by means of an anterior incision through the 
deltoid muscle. The head is disimpacted and the parts inspected vrith„a 
view to fitting them together. There is comminution of the cortex of 
the upper end of the shaft, so that exact reposition is difficult. The 
choice rests between impacting the head on to the shaft in correct 
alignment and fixing the great tuberosity lower down than its normal 
situation, or fixing the head into the shaft by an intramedullary peg or 
graft. Satisfactory results may follow either of these procedures if 
carried out soon after the injury, but a successful end-result is some- 
times marred by aseptic necrosis of the head, due to gross injury to the 
blood supply to the head. Such a complication usually leads to com- 
plete. or nearly complete, ankylosis, or painful arthritis may follow. 

The unimpactal fracture (see fig. 2374 — Xo. 8). Manipulation 
under anesthesia is indicated. The head of the bone is located and one 
hand placed on it. With the other hand, traction is applied to the arm 
drawn across the chest. It is gradually carried outwards whilst firm 
pressure is made on the head. If that fails, the arm is carried further 
outwards and upwards so that traction is applied with the anu above 
the level of the shoulder. Successful reduction is more likely to follow 
if it is carried out soon after the injury. The arm is fixed to the chest 
for three days and is then placed in a sling ; exercises, heat and 
massage are employed. 

Failure of reduction necessitates open reposition of the head by an 
operation on the lines already indicated. 

Type 2. The great tuberosity may be fractured, or the supra- 
spinatus avulsed as a complication of subcoracoid dislocation of the 
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humerus. (See fig. 2374 — Xo. 9.) Such a complication occurs in one- 
third of all shoulder dislocations. When the tuberosity is fractured from 
the shaft, it is usually found that after reduction of the dislocation there 
is little displacement. A large pad is placed in the axilla, and the arm is 
fixed to the side for ten days. Radiant heat and massage are employed 
on the shoulder, active exercises are encouraged, and the arm is placed 
in a sling. Full movement is seldom obtained in elderly patients and 
the period of disability is often as long as six months. 

Complications of Shoulder Injuries. 

Stiffness and ankylosis of the joint occur in consequence of some of 
the injuries described even after the most efficient treatment. They are 
more likely to form in elderly patients and when there has been an 
effusion of blood in the joint for some period. The means of prevention 
are early treatment of dislocation and fracture, accurate replacement of 
bone, early active movements and the avoidance of passive movements. 

Nerve injury complicates dislocation frequently but fracture seldom. 
Fracture-dislocation causes a somewhat greater number than either 
lesion. The circumflex nerve paralysis or paresis is as frequent as all 
the other nerve injuries combined. Posterior cord lesions affecting the 
triceps and wrist and finger extensors, as well as the deltoid, are next in 
frequency. The diagnosis is usually made two to three weeks after the 
initial injury, probably because the muscle weakness is considered to 
be the result of bruising only. Permanent paralysis is very rare. 

Circumflex paralysis (affecting the deltoid muscle) usually recovers 
in three to four months. Treatment consists in relaxation of the affected 
muscle by splinting, and in electrical stimulation. In deltoid paralysis, 
an abduction splint should be employed. If this is contra-indicated 
by the bone or joint injury, the latter must receive the primary 
consideration for two weeks. 

SHAFT OF THE HUMERUS 

Fracture of the shaft usually results from direct violence. It is not 
common in children, except through a cyst in the upper third of the 
shaft. In adults it is seen in the upper third and across the middle of 
the shaft. In the latter situation, it is usually a transverse fracture 
with a notch in one fragment and a spike on the other. In the upper 
and lower thirds a long oblique fracture generally occurs, and quite fre- 
quently there is one fragment broken off , which is often 3 inches in 
length. Doubt about diagnosis docs not occur and the exact injury 
is seen in the skiagram. The muscles of the forearm and hand should 
be tested in order to appreciate at the outset if there is any nerve 
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involvement, such as musculo-spiral paralysis. The general principles 
of treatment are those applicable to a fracture of the shaft of any long 
bone, viz. : 

(1) Early and accurate setting under an anaesthetic. 

(2) Firm fixation. 

(3) Early movement of those parts not fixed in the splinting in 
this case, of the wrist and fingers. 

Three facts are outstanding : first, the request that the fracture 
may he treated without confinement to bed ; secondly, the difficulty 
of employing a comfortable method of fixation ; and. thirdly, the 
periodic occurrence of non-union of transverse fractures of the middle 
of the shaft of the humerus, with formation of a pseudarthrosis. 

There is seldom any reason for treating a fractured humeral shaft 
in bed, provided the general condition is good, but elderly patients are 
often better in bed for a few days. The other points are considered 
appropriately below. 

The routine treatment consists in an anesthetic for the setting. A 
Jones splint is employed, elastobaud or strapping extension is placed 
on the inner and outer surfaces of the arm, and oblique narrow strapping 
fixed over this (fig. 2375). The axilla is powdered and the splint 
applied. The ends of the extension bands are tied round the notches, 
a strip of metal is placed to keep the vertical bars equidistant, and the 
forearm is rested in a trough of flannel bandage. The arm is adjusted 
until it is thought to be straight. One or two short wood, metal or 
plaster splints are placed round the arm and a flannel band is passed 
round the inner vertical bar and pinned to the outer bar. 

A skiagram is then taken to check the position, and readjustment 
made if necessary, care being taken that the fragments are not separated. 
This apparatus is not very comfortable, particularly in bed. The great- 
est comfort is obtainable by the patient sleeping with a back-rest, the 
splint being placed outside the pillow and back-rest. The forearm 
should not be drawn across the chest or abdomen ; this is not only 
uncomfortable, but rotates the lower fragment. Swelling of the elbow 
usually occurs. The axilla must be cleansed with spirit aud powdered. 
Adjustment of the extensions is not often required. In the case of a 
transverse fracture, this splint should be worn until there is radio- 
logical evidence of good callus formation. In oblique fractures the 
fragments adhere together quickly, and non-union never occurs. It is 
usually safe after three weeks to remove the spliut, and to make a 
posterior plaster trough for the forearm and arm and a short anterior 
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splint. These can be fixed round the arm with webbing and buckles and 
removed for physical treatment. Short splints round the arm itself are 
required during the last few weeks of fixation, which is often necessary 
for as long as eight weeks in transverse fractures. 

Complications. A fracture through a cyst of the upper third of the 
humerus is seen in cliildren. As a rule, the fracture is the first evidence 
of the cyst. Although such a cyst diminishes in size after the hemo- 
rrhage into it from the fracture, it seldom disappears altogether, so 
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that it is advisable to expose the cyst, remove the contents, and splint 
the arm to ensure a cure. 

Fracture of the loiccr third of the humerus is complicated by injury 
to the musculo-spiral nerve in a number of cases. Usually the fracture 
is oblique and there is a spike on the top of the lower fragment (fig. 
2370). When the paralysis is incomplete, it is reasonable to splint the 
arm and to employ electrical treatment for the muscles. If the injury 
has been a bruising of the nerve, quick recover}' may ensue. If there 
is no recovery or increased paralysis in three weeks, the case should 
be treated on the same lines as a complete paralysis recognised at 
the time, namely, by operative treatment. 
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The incision should be sufficient to expose the nerve above and below' 
the site of the supposed lesion, together with the whole length of the 
fracture. It is usually convenient to make the incision along the 
anterior border of the brachio-radialis, and to extend it upwards and 
curvin'* slightly round the back of the arm at the level of the musculo- 
spiral groove. The nerve should be exposed above and below the 
supposed lesion and traced up and down gradually until the lesion is 
found. The nerve is protected whilst attention is being paid to the 
bone. This should be accurately aligned and the fragments fixed 
together by the method to which the surgeon is most accustomed — 
plating, pegging, or such-like. A piece of triceps is then sutured over 
the fracture. The nerve is sutured or treated as appears necessary (sec 
Yol. II, page 3471) and placed in the new bed protecting it from the 
bone. Flexion of the elbow is advisable to prevent tension of the nerve. 
A light plaster trough is applied. After-treatment for the fracture and 
nerve is on the lines indicated in YoL II, page 34S0. Injury to the 
brachial vessels or to the median or ulnar nerve is rare in association 
with simple fractures of the shaft of the humerus. 

LOWER EXD OF THE H niEn rs 

Injuries of this region are common and, although a great variety 
exists, a definite grouping of types is possible : 

(1) Supracondylar fracture. 

(2) Fractures of the internal epicondyle. 

(3) Fractures of the external condyle. 

(4) Complicated fractures. 
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The fir&t three groups occur almost eutirely in children, usually 
under the age of twelve. Falls on the elbow or on the hand which cause 
these injuries iu childreu frequently result in fractures of the head or 
neck of the radius in adults. Examination of an elbow before swelling 
has occurred shows the position of the bon)' points — olecranon and 
epicondyles which is information of clinical importance, but they are 
quickly concealed by swelling. Radiography provides exact information. 
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as lateral and antero-posterior views are easy to take and to inter- 
pret if one has an accurate knowledge of the normal shape and ossifica- 
tion of the lower end of the humerus (fig. 2377). Such information is 
obtained, not only from a knowledge of anatomy but from studying 
skiagrams of the part at different ages. The average ages of ossification 
of the epiphyses are indicated in the diagram. The dates are liable to 
variation and those quoted are rather later than is common in this 
country. 

(1) Supracondylar Fracture (fig. 2378, a and b) 

The line of fracture is obliquely upwards and backwards from the 
epiphysial line, so that a portion of the shaft is on the distal fragment. 



t'lj 2378. — blMQUXS or iCriKU5DTUt IKACTTRE Or UrXZBl S WITH BACKWARD DlgrLACEBEST At D TILT. 

A. Biros* REDicTiot. U Anu rrblctio' 


If there is displacement . it is upward and backward, often with 
lateral or medial displacement. Anterior displacement is rare, and 
rotation may occur in any case. 

Treatment, (a) When there is no displacement, the arm is fixed in 
as full flexion as is compatible with safety to the vessels, by one of the 
methods described later. 

(b) When there is displacement, an anaesthetic is given. The elbow is 
extended and the forearm supinated ; if the fracture docs not feel loose, 
the deformity is increased, and firm traction is applied to the forearm, 
whilst the elbow is gradually flexed. During this procedure the other 
hand makes pressure on the front of the lower end of the humeral shaft. 
The extent of flexion should be such that there is no interference with 
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tlie flow of blood through the brachial artery, which can be detected 
by feeling the radial pulse, or with the venous return through the veins 
in front of the elbow. 

Fixation is made by elastoplast round the wrist and the upper end 
of the forearm and by placing the arm in a sling which prevents the 
angle between forearm and arm being altered. 

°Tlie radial pulse is again felt, in order to make sure that the circula- 
tion is satisfactory. 

The elbow is inspected next day and, all being satisfactory, the 
method of fixation is not changed for three to four weeks (the longer 
period for the older child). The elbow is then placed in a sling for a 
week and the child is told to touch the shoulder frequently so as to keep 
up the flexion. Extension will come back by usage. Exercises are not 
necessary, and the carrying of weights may be harmful. Massage and 
passive movements must not be employed. 

Alternative methods of fixation are numerous. The “ collar and 
cuff ’’ fixation of the wrist to the neck is popular, but has the dis- 
advantage that the child’s forearm usually becomes pronated immedi- 
ately after the setting and varus deformity may result. 

By perfect setting and fixation and rest, a perfect result is anticipated. 

Foricard displacement is reduced by traction and pressure on the 
fragment in the antecubital fossa. Methods of fixation and after- 
treatment are similar to those employed for the common fracture. 

Difficulties and Complications. 

(а) Excessive sicdling of the elboic and blistering of the skin of the 
antecubital fossa occur in a proportion of cases. They are most fre- 
quent when the ana is left untreated for a few days, when unnecessary 
force has been employed in setting the fracture, and when several 
attempts have been made at reduction. This complication is particu- 
larly common when the setting is faulty. The treatment is by avoid- 
ance of the causes. When swelling has formed, care must be taken 
that the flexion is not so acute as to interfere with the circulation. 
The blisters should be treated by sterile puncture, and by the apphca- 
tion of powder and a strip of boracic lint which should be left in the 
fold of the elbow until the part is dry and the swelling subsiding. 

(б) Imperfect reduction may be : (i) persistence of some backward 
displacement, or (ii) lateral displacement. 

(i) When the fragments are hitched and there is no backward 
tilting, it is often advisable to leave the fracture in this position, 
although there is not a perfect anatomical position. When the frag- 
ments have joined, there is somewhat of a beak at the lower end of the 
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shaft at the site of the fracture. This will absorb after a number of 
years. 

(ii) If lateral or mesial displacement is not corrected, alteration in 
the carrying angle will occur. Failure to correct mesial displacement 
will produce cubitus varus — gunstock deformity — whereas persistence 
of lateral displacement causes an increase in the carrying angle. 
Persistence of these deformities may necessitate osteotomy of the lower 
end of the humerus a few years later. 

(c) Nerve injuries. The median nerve is sometimes injured by 
pressure of the lower end of the shaft upon the posterior aspect of the 
nerve. This may occur when the backward displacement is great, or 
when too forcible hyperextension is employed in reduction. The sen- 
sory loss usually affects the distal two-thirds of the first and second 
fingers, while the motor paralysis involves the thenar eminence and the 
median lumbrical muscles. Recovery occurs, as a rule, in three months, 
but may be delayed for a year. Very rarely are the musculo-spiral and 
ulnar nerves affected in supracondylar fracture. 

(d) VolhnamCs ischcnnic contracture. This rare complication is not 
likely to occur if early and accurate reduction is carried out. The early 
symptoms may commence a few hours after interference with the 
circulation, and consist of pain and numbness of the fingers and hand. 
The fingers are discoloured early and lose voluntary movement. The 
treatment is considered on page 4384. 

(e) Myositis ossifleans is discussed on page 4381. Although it may 
commence soon after forcible manipulation or massage, symptoms do 
not arise for three weeks. The essential treatment is rest by placing 
the arm in plaster-of-Paris. Early operation should not be performed. 
Small areas of bone will absorb, but weeks or months of rest may be 
necessary. If bone absorption is incomplete and a series of skiagran\s 
taken at monthly intervals shows that the new bone is remaining un- 
changed, it is advisable to remove the plaque of bone causing obstruction. 

(2) Fractures of the Internal Epicondyle 
These arc essentially fractures of childhood, occurring about the age 
of twelve. The epiphysis alone is usually separated, but a small flake 
of diaphysis may be adherent. The fracture results from a forcible 
abduction of the forearm on the arm, anditmay complica tea dislocation 
of the elbow joint. 

Type 1. A small chip may be torn off, or the epicondyle may be 
fragmented, without displacement. The treatment consists in flexion 
of the elbow for three weeks, followed by active exercises. 
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the flow of blood through the brachial artery, which can be detected 
by feeling the radial pulse, or with the venous return through the veins 
in front of the elbow. 

Fixation is made by elastoplnst round the wrist and the upper end 
of the forearm and by placing the arm in a sling which prevents the 
antfle between forearm and arm being altered. 

The radial pulse is again felt, in order to make sure that the circula- 
tion is satisfactory. 

The elbow is inspected next day and, all being satisfactory, the 
method of fixation is not changed for three to four weeks (the longer 
period for the older child). The elbow is then placed in a sling for a 
week and the child is told to touch the shoulder frequently so as to keep 
up the flexion. Extension will come back by usage. Exercises are not 
necessary, and the carrying of weights may be harmful. Massage and 
passive movements must not be employed. 

Alternative methods of fixation are numerous. The “ collar and 
cuff fixation of the wrist to the neck is popular, but has the dis- 
advantage that the child’s forearm usually becomes pronated immedi- 
ately after the setting and varus deformity may result. 

By perfect setting and fixation and rest, a perfect result is anticipated. 

Forward displacement is reduced by traction and pressure on the 
fragment in the antecubital fossa. Methods of fixation and after- 
treatment are similar to those employed for the common fracture. 

Difficulties and Complications. 

(а) Excessive swelling of the elbow and blistering of the skin of the 
antecubital fossa occur in a proportion of cases. They are most fre- 
quent when the arm is left untreated for a few days, when unnecessary 
force has been employed in setting the fracture, and when several 
attempts have been made at reduction. This complication is paiticu- 
larly common when the setting is faulty. The treatment is by avoid- 
ance of the causes. When swelling has formed, care must be taken 
that the flexion is not so acute as to interfere with the circulation. 
The blisters should be treated by sterile puncture, and by the applica- 
tion of powder and a strip of boracic lint which should be left in the 
fold of the elbow until the part is dry and the swelling subsiding. 

(б) Imperfect reduction may be : (i) persistence of some backward 
displacement, or (ii) lateral displacement. 

(i) When the fragments are hitched and there is no backward 
tilting, it is often advisable to leave the fracture in this position, 
although there is not a perfect anatomical position. When the frag- 
ments have joined, there is somewhat of a beak at the lower end of the 
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(3) Fractures of the External Condyle 

These fractures are uncommon, representing less tbaii I per cent 
of all fractures. They are more common in children than in adults, and 
result from indirect trauma. In children, the mechanism of fracture 
is adduction of the forearm with the elbow incompletely extended, 
the strain producing an avulsion of the fragment from the humerus. 

Type 1. In adults , the piece of bone broken off consists of the 
capitcllum, part of the trochlea, and a piece of non-articular bone 
above and behind the articular area. There may be no displacement 
or forward displacement with rotation of the fragment. The exact 
diagnosis is of importance, as the fracture extends into the joint and a 
small displacement disturbs the normal joint mechanism. If there is no 
displacement, the elbow is put at rest at a right angle in a posterior 
plaster trough. Displacement is an indication for open operation. 
The joint is opened on the outer side so as to expose the lower end of 
the supracondylar ridge, the fractured piece of bone and the head of the 
radius. Blood clot is cleared away and the fragment rotated into place. 
In most cases fixation is not required, but if the fragment does not 
remain in place, it must be fixed by catgut passed through a drill hole 
made in the diaphysis, or a bone peg (one-eighth of an inch in diameter) 
may bo driven transversely through the fragment to fix it to the 
trochlea. The elbow is put at rest for three weeks, after which active 
exercises are commenced. 

Type 2. In children, tiie fractured piece consists of the capitellar 
epiphysis (the capitcllum and half the trochlea) and a thin flake of 
diaphysis, oil the back of the lower end of the humerus (see fig. 2380). 
AVhcn there is no displacement, the elbow is flexed and the case 
treated like a supracondylar fracture with no displacement. When 
there is displacement, manipulative reduction is seldom successful and 
open operation is necessary or else non-union of the fragment and 
cubitus valgus will result. The extent of exposure has been indicated. 
The fragment will be found to be rotated and lying often in the soft 
parts, owing to a tear of the muscular aponeurosis overlying the condyle. 
The lateral ligament is not torn and acts as a hinge on which the 
fragment rotates. The fragment is rotated into position and some 
form of fixation is necessary to prevent its lateral displacement; a 
catgut stitch usually suflices and a peg or nail should be avoided, as 
such a foreign body is likely to interfere with epiphysial development. 
Active movements are commenced after three weeks’ fixation. Normal 
elbows are obtained after efficient reposition. 
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At the onset it must be realised that full elbow movement is seldom 
obtained, but 90 degrees of movement is usually possible if early 
operative treatment is undertaken. Osteo-arthritis does not occur to 
such an extent as after a comparable fracture into the knee joint. 
The operative procedure should aim at : 

(a) Reposition of all large fragments. 

(b) Fixation by extra-articular means, whenever possible. 

(c) Removal of small fragments. 

(d) Enlargement rather than diminution of the joint space by the 
operative procedure. 

The best incisions are placed laterally, and the surgeon should have the 
care of nerves and vessels in mind. 

These principles are carried out in T and Y fractures by seeing 
that no small fragment is impeding an accurate placing together of the 
articular cartilage at the lower end of the humerus. The fixation is 
carried out by screws, wires or a plate, placed extra-articularly. The 
mechanical method employed must depend on the surgeon’s experience 
with such means of fixation. 

A comminuted fracture of the capitellum, the head of the radius, and the 
olecranon uilh posterior dislocation may be seen after heavy falls. This is 
best treated by open reduction of the dislocation, fixation of the ole- 
cranon, and removal of the fragments of bone from the outer side of 
the joint. A large and clean gap should be made between the top of the 
radius and the lower end of the humerus. Such a procedure may leave an 
arm with over ICO degrees of painless movement. After operation of 
this type, the arm should be placed in a plaster trough for a month, 
shoulder and finger movements being encouraged from the outset. 
Then heat and active exercises can be started, the patient wearing a 
more tightly-fitting trough which can be removed daily for treatment. 
After six to eight weeks, a sling is substituted. Passive movements 
and massage are prone to produce ossification in ligaments and muscles 
round the joint and should be avoided. 

FRACTURES OF THE RADIUS AND ULNA WITHIN THE ELBOW’ JOINT 

Such injuries are usually caused by falls on to the elbow, but a fall 
on to the outstretched hand may produce an injury to the head or 
neck of the radius. 

These fractures are classified together to remind the practitioner that 
the fracture is within the confines of the joint and that therefore the 
prognosis is liable to be more serious than after fractures of the shaft. 
From the point of view of diagnosis the common features are pain, 
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Complications. If the fragment is not rotated and fixed into its 
normal position, the lower end of the humerus will develop into an 
abnormal shape. The inner side will grow and the outer side be 
stunted, whilst the capitelbr epiphysis will grow into a somewhat 
cubical-shaped mass separated from the humerus. Cubitus valgus 
will be present, and the arm will be weak. Later in life, ulnar neuritis 
or paralysis will develop owing to the tension of the nerve as it passes 
round the internal epieondyle of an arm with cubitus valgus. 


A 
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Type 3. External epicondylar fractures are isolated and uncommon. 
There is pain and tenderness. Union will occur if the muscles are 
relaxed. 

(4) Complicated Fractures of the Lotcer End of the Humerus 
This group includes T and Y fractures, which may occur with or 
without dislocation. Comminution of the bones of the elbow joint 
occurs sometimes, commonly with fracture of the olecranon. Usually 
there is gross deformity and it is impossible to assemble the fragments 
by manipulation. Recently attempts have been made to obtain 
alignment by skeletal traction applied through a wire in the olecranon- 




ORTHOPAEDICS 


4425 


At the onset it must be realised that full elbow movement is seldom 
obtained, but 90 degrees of movement is usually possible if early 
operative treatment is undertaken. Osteo-arthritis does not occur to 
such an extent as after a comparable fracture into the knee joint. 
The operative procedure should aim at : 

(а) Reposition of all large fragments. 

(б) Fixation by extra-articular means, whenever possible. 

(c) Removal of small fragments. 

(d) Enlargement rather than diminution of the joint space by the 
operative procedure. 

The best incisions are placed laterally, and the surgeon should have the 
care of nerves and vessels in mind. 

These principles are carried out in T and Y fractures by seeing 
that no small fragment is impeding an accurate placing together of the 
articular cartilage at the lower end of the humerus. The fixation is 
carried out by screws, wires or a plate, placed extra-articularly. The 
mechanical method employed must depend on the surgeon’s experience 
with such means of fixation. 

A comminuted fracture of the capitcllum, the head of the radius , and the 
olecranon uith posterior dislocation may be seen after heavy falls. This is 
best treated by open reduction of the dislocation, fixation of the ole- 
cranon, and removal of the fragments of bone from the outer side of 
the joint. A large and clean gap should be made between the top of the 
radius and the lower end of the humerus. Such a procedure may leave an 
arm with over 100 degrees of painless movement. After operation of 
this type, the arm should be placed in a plaster trough for a month, 
shoulder and finger movements being encouraged from the outset. 
Then heat and active exercises can be started, the patient wearing a 
more tightly-fitting trough which can be removed daily for treatment. 
After six to eight weeks, a sling is substituted. Passive movements 
anil massage are prone to produce ossification in ligaments and muscles 
round the joint and should be avoided. 

FRACTURES OF THE RADIUS AXI> ULX A WITH IX THE ELBOW JOIXT 

Such injuries are usually caused by falls on to the elbow, but a fall 
on to the outstretched hand may produce an injury to the head or 
neck of the radius. 

These fractures arc classified together to remind the practitioner that 
the fracture is within the confines of the joint and that therefore the 
prognosis is liable to be more serious than after fractures of the shaft. 
From the point of view of diagnosis the common features are pain, 
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swelling of the joint, and limitation of movement with local tender- 
ness; whereas extravasation of blood is usually extensive after a 
fractured olecranon, it may be absent after a fractured head of the 
radius. Bleeding into the joint is common to all these injuries. 

The group consists of : 

(1) Fractures of the radius— (a) head : (6) neck. 

(2) Fractures of the ulna— (a) olecranon ; (6) coronoid process. 

(1) Fractures of the Radius. These occur nearly four times as fre- 
quently as injuries to the outer side of the lower end of the humerus. 
Of 3000 consecutive ambulatory fractures, the head of the radius was 



fractured in 124, and the neck in 37. whereas the capitellum and 
external epicondyle were fractured in 45. The average age of the 
“ head " injury was 22 and that of the neck 14. 

(a) Fractures of the Head of the Radius are of three types : 

(') A vertical fissure, descriptively termed a “ chisel fracture " 
(fig. 2381A). 

(ii) A fracture with one loose fragment (fig. 2381 b). 

(iii) Comminution of the head, including the mushroom fracture, 
(i) and (ii). The diagnosis of either of these injuries will remain 

in doubt until a skiagram is taken. When little or no displacement 
occurs, treatment consists in full supination and flexion. This is possible 
if the patient is seen shortly after the injury, but if the joint is allowed 
to swell before treatment is commenced, it will only be possible to flex 
the elbow to a right angle or so. By use of a collar and cuff or special 
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sling, tlie extent of flexion will be increased by daily adjustment. 
This position is retained for four weeks, and then for one week the elbow 
is in a sling at a right angle. After that, flexion and extension exercises 
are commenced. Good function is present in eight weeks, but full 
function is often not obtained for four months. 

(ii) When one loose fragment is displaced, this should be removed 
by open operation. The ideal time for this is within one week of the 
injury. It is carried out through ail incision on the outer side of the 
joint. At operation, further Assuring of the head is sometimes seen. 
This may involve articular cartilage only, and when no displacement 
is present other than of one fragment the operation should be limited 
to removal of the fragment. 

(iii) The comminuted fracture is a more serious injury than the two 
already described. The several fragments are separated so that the 
total circumference of the head is increased and rotary movement 
greatly limited. The treatment consists in removal of the head and part 
of the neck of the radius. The best results are obtained by primarily 
putting the ann at rest at a right angle in a sling for six weeks. Then 
operation is carried out. This has two advantages : that ossification of 
the capsule will occur neither before the operation nor following it. 
Formation of small spicules of bone and thickening of ligaments are 
the usual causes of limited movement after early removal of the radial 
head. The disadvantage is that there is a six-weeks’ delay for the 
patient, but the end-result is worth the delay. After the delayed 
operation, a full range of movement is sometimes obtained, but the 
usual end-result is permanent limitation of 20 degrees of extension with 
a full range of other movements. 

The operation of removal of the head of the radius is carried out 
through an incision in the line of the forearm from the external 
cpicondyle downwards. .Vs the lower end of the incision should not be 
as distal as the point where the posterior interosseous nerve winds 
round the radius, it is often advisable to extend the incision upwards. 

The aponeurosis of the extensor muscles is split in the line of its 
fibres and retracted. The capsule is picked up at the level of the capi- 
tcllum and incised in the line of the incision down to the neck of the 
radius. The head of the radius is now exposed. Blood clot is removed 
if present. If the head is loose, this is removed and the upper end of the 
shaft trimmed. If the head is joined to the shaft, a half-inch chisel is 
used to cut through the neck about a quarter of an inch distal to 
the head. The stump is trimmed with bone forceps. The synovial 
membrane and aponeurosis are closed in separate layers. After closure 
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of the skin, the arm is placed for three weeks in a light plaster trough 
extending from the axilla to the wrist. After that interval active 
movements are instituted. 

(6) Fractures of the Keck are usually transverse and just below the 
head, but a wedge-shaped piece of bone is frequently detached from 
the shaft with the “ head fragment.” 

In the case of children (for this injury occurs between the ages of 
six to twelve) the line of fracture is distal to the cartilaginous plate 
through the top of the shaft. In one-third of these cases there is 
displacement. 

Treatment. With little or no displacement, the condition is treated 
as if there were a fissured fracture of the head of the radius. 

Displacement may consist of : (i) a tilt ; (ii) rotation of the head 
and neck on the shaft (see fig. 2381c) ; (iii) the head being alongside the 
shaft, or removed away from it, even to the inner side of the forearm ; 
or (iv) comminution and displacement. 

Operative treatment is indicated in : 

(i) and (ii). In these cases, it is necessary to make the decision as 
to whether a better elbow will be obtained by leaving the bone to join 
with the deformity or by operation. This is a difficult decision to make. 
At the time of the examination soon after the injury, the range of 
movement is limited not only by the mechanical obstruction due to 
the displacement, but also by spasm of muscle and effusion into the 
joint. Hence the X-ray appearance is the principal help in the decision. 
In patients over fifty years of age, the case will be treated by immobili- 
sation in as full flexion as possible for three weeks. In younger patients, 
a small degree of tilt or rotation will be treated similarly, but a tilt to 
the ulna, a 30 degree tilt in any direction, or a rotation through more 
than 45 degrees (often shown by the wedge-shaped piece of bone on 
the neck) are indications for operative treatment, as a manipulation 
will not correct these deformities. The operation will consist of an 
exposure of the head of the radius and of the line of fracture. The dis- 
placement is corrected, and frequently a slight impaction will hold 
the fragment firm. Complete rest for three weeks is advisable before 
active movements are commenced. 

(iii). Manipulative reduction of a displaced head is seldom successful. 
It is more likely to be possible a few hours after the injury than later. 
I have seen two repositions in children hut none in an adult. Hence it 
can he given a trial, with the realisation that it may fail. If there is 
failure, operation should be carried out within one week of the injury. 
The outer side of the joint is exposed, as has been described for removal 
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of the head of the radius. It is essential to use a tourniquet, and a 
pneumatic one is the safest. 

The head is located, and care taken not to tear any periosteum or 
capsule which may be adherent to the neck or fragment. The upper 
end of the shaft is cleared of clot, but not trimmed. The head is 
replaced. It is usually possible to tell by spicules of bone around the 
edge of the head and neck how the head should fit on. If the head can 
be slightly impacted into the neck, this is carried out. Additional help 
in fixation may be possible by passing catgut through any soft tissue 
adherent, or by two drill holes distal to the articular cartilage through 
which a stitch can be passed. The forearm should be pronated and 
supinated to ensure that the head is not displaced by these movements. 
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After closure, splinting is employed for two to three weeks, after 
which active exercises are started. 

In the case of children, fixation is more difficult. It is carried out 
by driving a bone peg through the articular surface of the head and up 
the shaft, so that at the end of the operation the peg is entirely extra- 
articular {fig. 2382). There is a minimum of damage to articular 
cartilage. In children, owing to the temporary separation of the head 
from its blood supply, the X-ray picture will show changes in the 
epiphysis subsequent to replacement. After a number of months, 
re-consolidation of the epiphysis will occur and usually the bone peg 
is absorbed. 

Removal of the head of the radius should be avoided in a child, 
as it may be followed by cubitus valgus of an extreme degree and com- 
plicated by limited wrist movement, radial deviation of the hand, and 
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prominence of the head of the ulna. The operation in an adult is 

discussed later. 

(iv) "When the head is comminuted and displaced, removal of all 
the fragments and trimming of the upper end of the shaft is indicated. 
Mv own preference is to put the arm at rest and to remove the mass 
of hone some weeks after the injury. 

(2) Fractures of the Vina, (o) The olecranon process may be frac- 
tured transversely or there may be a stellate or comminuted fracture. 
It is caused by a fall or blow on the point of the elbow. When there 
is no separation, there is tenderness and bruising with pain on flexion 
and extension. In the case of separation, the diagnosis is made easy 
by the gap which can be felt between the two fragments. 

Treatment. When there is no separation and in elderly patients, a 
light plaster trough is bandaged to the back of the ami and forearm, the 
elbow being placed at a right angle During setting, pressure is applied 
to compress the olecranon down on to the shaft as far as possible. 
This is not removed for three weeks. It is then taken off for exercises, 
but worn for six weeks altogether. This position is employed because 
the arm is very uncomfortable when left for three weeks with the elbow 
straight and because there is swelling of the hand. If the splinting is 
applied early, no separation occurs in the cases with no traumatic 
separation, and in elderly patients with separation this can be largely 
overcome. A stellate fracture is treated in a s imila r manner. When 
there is a transverse fracture with separation in a patient otherwise 
fit, open operation is advisable during the first week after injury. 

The incision should be planned so that the scar is ou the posterior 
part of the arm and the outer surface of the forearm. Half-a-horseshoe- 
sliaped incision is suitable, the top of the incision being 1 inch above the 
olecranon. The fracture is exposed and blood clot removed. The 
aponeurosis, which is turned in over the fractured surface, should he 
elevated so that the bony fragments can be brought into accurate 
apposition. It is important to realise that accuracy of the line of 
articular cartilage is the chief requirement and that this will only be 
obtained if the posterior border of the bone is corrected absolutely. 

Fixation is necessary. This can be carried out by : 

(i) Suture of the aponeurosis and triceps round the fracture 
line ; 

(ii) Drilling holes and passing catgut or other absorbable material 
through them : 

(iii) Passing wire tlirough drill holes ; 

(iv) Drilling the lower fragment to take thick catgut, and fixing it 
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througlrthe triceps or round a notch cut in the surface of the 
upper fragment ; 

(v) Drilling a hole through the olecranon from above, and driving a 
2-inch screw through this and down the shaft of the ulna. 
This has the advantage that it tends to press the olecranon 
down on to the shaft firmly and there is no doubt about 
accurate and firm fixation. Hence, this is the method of 
choice. 

The limb is put at rest at a right angle in a plaster trough for six 
weeks. Movement can be started after five to six weeks. 

(6) The coronoid process is rarely broken, and then usually as a 
complication of a posterior dislocation of the elbow joint. Easy 
reduction or easy re-dislocation is suggestive of the injury. The frag- 
ment can rarely be felt. 

Treatment consists in reduction of the dislocation, placing the elbow 
in full flexion and treating the case as a supracondylar fracture. 

Prognosis after Elbow Joint Injuries 

When there has been a fracture with no displacement, or a perfect 
reposition after a displacement, in a patient under forty, normal 
function should be obtained with rest in the correct position and active 
exercises. Too forcible manipulation, tight bandaging, or the employ- 
ment of massage may be followed by disastrous complications which 
are avoidable. 

The prognosis is less good when precise reposition is not obtained. 
In children, cubitus valgus or varus may result, together with limitation 
of movement. These children have good function without full move- 
ment. Ostco-arthritis will develop in middle life. 

When an open operation is employed, accurate reposition may 
produce a normal elbow, especially if the operation is performed during 
the neck following the injury. Although osteo-artliritis may never 
develop, any joint is liable to this condition later in life if it has been 
opened. In a few cases osteo-artliritis may arise a few years after the 
operation, even though it has been carried out under ideal conditions 
and with due care and deftness. When open operation has been per- 
formed and the bones not accurately aligned, ostco-arthritis usually 
occurs early. 

Employment of internal fixation near the articular cartilage is 
followed by a greater limitation of movement ami earlier arthritis than 
when a nail or screw is placed at a greater distance from the joint 
surface. 
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Following removal of the head of the radius in an adult, the patient 
often complains of a weakness of the hand. Extension is usually 
limited by 20 degrees, but other movements are full. I have seen full 
range of movement now and again and in some cases limitation of 
supination. 

If it is conceivable that by means of rest and physical treatment an 
elderly patient with a fracture into the elbow joint will get 90 degrees 
of flexion and extension and most of the supination range, this should 
be employed in preference to any operative interference. 

nxi 

Shaft. This occurs more commonly in children than in adults, 
and is due to a fall on the forearm. There is braising and tenderness 
at the site of the fracture. 

Treatment. (1) TTi’/Aoirf displacement. The hand, forearm, and 
lower half of the arm should be put into plaster with the forearm 
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supinated (fig. 23S3). Six weeks’ immobilisation is required. In the 
case of fracture in the lower third, a skiagram should be taken at the 
end of this time as delay in union is common in adults. 

(*2) With displacement. Although displacement is unco mm on with- 
ont fracture of the radius, when present it can be reduced to some 
extent by traction and manipulation, but there is a tendency to for- 
ward tilting of the upper fragment. Immobilisation in plaster is 
indicated, as in undisplaced fracture. 

(3) Fracture of the shaft of the uh,a with dislocation of the head of lie 
rad, us. This combined lesion occurs in children usuallv about the age 
of six and rarely m adults. It is due to a severe fell on the elbow. 
There is an oblique fracture of the shaft of the ulna, above the middle 



ORTHOPAEDICS 


4433 


and usually at the junction of the middle and upper thirds. The line 
of fracture is downwards and forwards, and the upper fragment is 
flexed so that, in the lateral skiagram, it lies half to three-quarters of an 
inch in front of the lower fragment. The head of the radius is dislocated 
forwards ; it can be felt above the capitellum and no longer articulates 
with the lesser sigmoid fossa of the ulna. This dislocation is frequently 
not recognised at the time of the injury. It should be regarded as a 
serious injury. 

Treatment. An anaesthetic is given. Traction is employed oil the 
forearm whilst the arm is fixed. The fracture of the ulna is made 
loose and pressure applied to the front of the upper end of the radius. 
Reduction of the dislocation should be palpable. If the head stays in 
place, the elbow is flexed and a skiagram taken to see if the head of the 
radius is in its correct position. If so, the arm is fixed in this position 
and the injury is treated on the same lines as a reduced supracondylar 
fracture. 

The reduction and fixation may be simple if carried out within 
forty-eight hours of the injury. On the other hand, recurrence of the 
dislocation may occur readily so that the head will not stay in its correct 
position. If the ulna cannot be pulled out to its normal length, reduc- 
tion will not be possible. This is sometimes the case shortly after the 
injury, and invariably so if union of the ulna occurs before reduction 
of the dislocation, as the radius is proportionately too long for the ulna, 
and there is also overlap and flexion of the upper fragment. 

When reduction of the dislocation is not possible, open operation is 
advisable. This consists in exposure of the site of the fracture of the 
ulna. This is freed and made loose, an osteotomy being carried out if 
necessary. An attempt is then made to reduce the head of the radius 
without exposing it. If this succeeds, the ulna must be fixed by a plate 
or peg to ensure that it is straight and of its full length. If the head of 
the radius is not reducible after exposure of the ulna, an incision is 
made over it and tight capsular structures are divided before reduction. 
The ulna is then fixed as described. The elbow should be put up at a 
right angle in plaster after the operation. 

RADIUS 

Shaft. Fractures of the shaft with an intact ulna are not common. 
Greens tick fracture is seen in children. In adults, the middle and lower 
portions of the radius are those most commonly injured. In fracture 
of the middle of the shaft just below the insertion of pronator radii 
teres, if there is no displacement, the forearm and lower half of the arm 
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Following removal of the head of the radius in an adult, the patient 
often complains of a weakness of the hand. Extension is usually 
limited by 20 degrees, but other movements are full. I have seen foil 
range of movement now and again and in some cases limitation of 
supination. 

If it is conceivable that by means of rest and physical treatment an 
elderly patient with a fracture into the elbow joint will get 90 degrees 
of flexion and extension and most of the supination range, this should 
be employed in preference to any operative interference. 

rtSA 

Shaft. This occurs more commonly in children than in adults, 
and is due to a fall on the forearm. There is bruising and tenderness 
at the site of the fracture. 

Treatment. (1) H'iMotrf displacement. The hand, forearm, and 
lower half of the arm should be put into plaster with the forearm 
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stipulated {fig. 23S3). Six weeks’ immobilisation is required. In the 
case of fracture in the lower third, a skiagram should be taken at the 
end of this time as delay in union is common in adults. 

{2) IFitfi displacement. Although displacement is uncommon with- 
out fracture of the radius, when present it can be reduced to some 
extent by traction and manipulation, but there is a tendency to for- 
ward tilting of the upper fragment. Immobilisation in plaster is 
indicated, as in undisplaced fracture. 

(3) Fracture of the shaft of the ulna icith dislocation of the head of the 
radius. This combined lesion occurs in children usually about the age 
of six and rarely in adults. It is due to a severe fall on the elbow. 
There is an oblique fracture of the shaft of the ulna, above the middle 
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and usually at the junction of the middle and upper thirds. The line 
of fracture is downwards and forwards, and the upper fragment is 
flexed so that, in the lateral skiagram, it lies half to three-quarters of an 
inch in front of the lower fragment. The head of the radius is dislocated 
forwards ; it can be felt above the capitellum and no longer articulates 
with the lesser sigmoid fossa of the ulna. Tins dislocation is frequently 
not recognised at the time of the injury. It should be regarded as a 
serious injury. 

Treatment. An anaesthetic is given. Traction is employed on the 
forearm whilst the arm is fixed. The fracture of the ulna is made 
loose and pressure applied to the front of the upper end of the radius. 
Reduction of the dislocation should be palpable. If the head stays in 
place, the elbow is flexed and a skiagram taken to see if the head of the 
radius is ill its correct position. If so, the arm is fixed in this position 
and the injury is treated on the same lines as a reduced supracondylar 
fracture. 

The reduction and fixation may be simple if carried out within 
forty-eight hours of the injury. On the other hand, recurrence of the 
dislocation may occur readily so that the head will not stay in its correct 
position. If the ulna cannot be pulled out to its normal length, reduc- 
tion will not be possible. This is sometimes the case shortly after the 
injury, and invariably so if union of the ulna occurs before reduction 
of the dislocation, as the radius is proportionately too long for the ulna, 
and there is also overlap and flexion of the upper fragment. 

R'hcn reduction of the dislocation is not possible, open operation is 
advisable. This consists in exposure of the site of the fracture of the 
ulna. This is freed and made loose, an osteotomy being carried out if 
necessary. An attempt is then made to reduce the head of the radius 
without exposing it. If this succeeds, the ulna must be fixed by a plate 
or peg to ensure that it is straight and of its full length. If the head of 
the radius is not reducible after exposure of the ulna, an incision is 
made over it and tight capsular structures are divided before reduction. 
The ulna is then fixed as described. The elbow should be put up at a 
right angle in plaster after the operation. 

RADIUS 

Shaft. Fractures of the shaft with an intact ulna are not common. 
Grcenstick fracture is seen in children. In adults, the middle and lower 
portions of the radius arc those most commonly injured. In fracture 
of the middle of the shaft just below the insertion of pronator radii 
teres, if there is no displacement, the forearm and lower half of the arm 
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are put iu plaster with the forearm supinated. The bone may take eight 
weeks to join. When there is displacement, it is necessary to correct 
this to make certain that the full range of pronation and supination is 
obtained. A manipulation does not always succeed. Under anes- 
thesia, forcible long-axis traction is employed with the elbow in a 
position of extension, fixation in plaster is employed with the elbow 
bent to a right angle, for fixation in extension leads to swelling of the 
hand, is uncomfortable, and seldom holds the fragments better than in 
the position recommended. Failure of this method necessitates open 
reduction. The fractured area is exposed, and after clearing inter- 
vening structures the fragments are brought into normal alignment. 
If the operation is carried out a few days after the injury, no internal 
fixation is necessary as a rule. Late open reposition must be followed 
by internal fixation with a plate or intra-medullary fixation. After 
the operation, a plaster is employed. Eight or ten weeks may be 
required for union. 

Fracture of the shaft iu the region of the pronator quadratus 
results from the same causes as the Colles’ fracture, particularly 
from a backfire. It is treated in a similar manner. Rarely is reposition 
impossible, except when there is an injury to the ulna above the head or 
epiphysis. In these rare eases, an open reposition of both fragments 
may be required. 

Radius and Ulna 

Fracture of the shafts of both radius and ulna is a common injury 
in children and not infrequent in young adults from heavy falls on the 
forearm, and in machinery and motor accidents. 

Green stick fracture, (a) Without displacement. A plaster splint is 
applied from the middle of the arm, and over the forearm to the palm of 
the hand, with a turn round the cleft between the thumb and first finger 
(see fig. 2383). It is left on for four weeks iu children under six and for 
six weeks after that age. (6) 11 ith angulation. An anaesthetic is given, 
and tlie bones arc cracked through and then placed straight. A plaster 
is applied as above. During the setting of the plaster a groove is 
moulded in the long axis of the limb between the two bones. If the 
bones are not cracked through, the angulation will tend to recur. 

Transverse or oblique fracture uilh no displacement is treated in 
plaster as described. hen there is displacement, there is usually 
pronation of the lower radial fragment, in addition to overlap of one or 
both bones. An anesthetic is given, and strong long-axis traction is 
employed with the forearm supinated, assisted by digital manipulation. 
This succeeds more often in patients of adolescent age than in adults. 
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If the bones appear to have hitched, a plaster is applied as for the other 
forearm fractures. Lateral and antero-posterior X-ray pictures are 
taken to see if the position is satisfactory. 

The setting of these fractures is often very difficult. If the traction 
has obviously not hitched the bones, an attempt can be made by bend- 
ing the forearm at the site of the fracture and then attempting to lift 
the lower fragments on to the upper ends of the bone. This may be 
dangerous, and is only likely to be successful within forty-eight hours 
of the injury. Failure by manipulation necessitates open operation. 
"When the line of fracture is transverse or approximately so, reposition 
without fixation will suffice, as an interlock will generally occur , 
sufficient to be held by plaster fixation. 

When the fracture line is oblique, internal fixation is necessary 
in the radius, such as a plate or intra-medullary fixation, hut it is 
unnecessary to fix the ulna even if it has to be exposed. In the case 
of fracture of the upper third of the radius, internal fixation is usually 
advisable. 

In all fractures of the shafts of the radius and ulna, except 
greenstick fractures, a skiagram should be taken when the plaster is 
removed. A number are not united in six weeks, and re-fracture 
following a trivial injury is prone to occur, particularly in children 
about ten years old. 

The fingers can be moved freely with the plaster in situ. Elbow 
movements quickly return when the plaster is removed, and pronation 
and supination are freed by exercise and use. 

Cross union will not occur if the bones arc properly aligned and the 
forearm placed in supination. The grooving of the plaster during its 
setting is an additional prevention of this. 

FRACTURES ABOUT THE LOWER END OF THE RADIUS 
COLLES ’ FRACTURE 

This is a fracture of the lower end of the radius, I-inch above the 
wrist joiut. The anterior surface of the radius is broken at a lower 
level than the posterior surface. The fracture is most commonly seen 
in women over forty years of age, and is frequently comminuted in 
elderly persons. 

Additional fractures arc often associated : (1) Ulnar styloid process, 
torn oft by pull of internal lateral ligament. The process seldom unites 
by bony union; (2) T-shaped or Y-sliaped crack running into Hie 
wrist joint. 

Deformity. This is due almost entirely to the causative violence, 



4436 


POST-GRADUATE SURGERY 

which is invariably applied to the thenar eminence by a fall on the 
outstretched hand. As a result, the lower small fragment is driven 
backwards and impacted on the radial or external side. 

Diagnosis. Special attention should be directed to the site of local 
tenderness over the lower end of the radius, to pain on gripping, and to 
the relation of the ulnar and radial styloid processes to one another. 
When there is displacement the classical “ dinner-fork ’* deformity is 
obvious. Many ** sprained “ wrists are in reality Codes’ fractures 
with impaction and no displacement. 

X-ray examination. In viewing the films of a Codes’ fracture certain 
points should be taken into consideration, with a view to prognosis and 
treatment : 

(1) Antero- posterior vieic : (a) The degree of radial tilting and radial 
impaction ; (6) The presence of fracture of the ulnar styloid process ; 
( c ) Whether the fracture line runs into the radio-ulnar joint, 
or is above it; and (d) Whether the fracture is comminuted and 
involves the wrist joint. 

(2) Lateral vieic : (a) Backward displacement of the lower frag- 
ment ; (6) Backward tilt of the lower fragment. As a result the joint 
surface ceases to be at right angles with the shaft of the bone. The 
backward tilt is of special importance for, if not corrected, instability 
of the wrist joint and weakness of grip wid result. 

Treatment. Except in extreme senility, every recent case of Codes’ 
fracture should be treated actively and an attempt made to reduce 
deformity and fix the fragments. 

Aims. Although perfect anatomical alignment is desirable and 
usuady obtainable, certain cases of severe comminution prevent this 
perfection. It is essential to correct bacfocard till and radial deviation. 
If some degree of backward displacement of the lower fragment per- 
sists, a reasonable functional result will foUow, provided the tilt has 
been corrected. 

Technique of Reduction. Codes’ fracture may be corrected with 
deliberation and care under nitrous-oxide anesthesia. This probably 
forms the ideal anesthetic for the fracture, as it gives a sufficiently 
long period of relaxation, is a much more rapid method than local 
anesthesia, and avoids the risk of sepsis. Local anesthesia gives 
good results when used in organised fracture clinics, but for general 
casualty work XjO has obvious advantages. 

The fracture is disimpacted by increasing the deformity in the 
following manner : The surgeon stands facing the patient and grasps 
the injured wrist between his thenar eminences. The fingers of the 



ORTHOPAEDICS 


4437 


“ palmar ” hand grip the ulnar border of the patient’s hand. Pressure 
by the “ palmar ” hand increases the deformity and a slight wriggle 
will complete the disimpaction. The position of the surgeon’s hands 
is now reversed. The “ dorsal ” hand presses on the lower fragment, 
while counter-pressure is made by the “ palmar ” hand on the lower 
third of the forearm. The lower fragment is thus carried palmarwards 
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and into ulnar deviation. In difficult cases the lower fragment may be 
pushed forwards over a wedge. Usually, however, the reduction is 
comparatively easy aiul can be carried out in three distinct steps: 
(1) Increase of deformity followed by disimpaction ; (2) Correction of 
backward displacement and backward tilt ; and (3) Ulnar deviation. 

Failure to obtain complete disimpaction is a frequent cause of 
faulty setting. 

In “ late ” cases, an attempt should be made to correct deformity up to 
10 days. After this time, correction by open operation may be necessary. 

% OL. III. — 2 F 
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xixvuun. 

(1) By Carr’s splint. The splint is padded with felt. A thick felt 
pad is attached to the splint by strapping, so that it lies beneath the 
wrist joint. It should be f-incli thick, its function being to produce 
slight palmar-flexion of the wrist. The bar of the splint should be well 
“ borne ** in the web of the thumb, and the hand well deviated to the 
ulnar side. The splint is fixed by two strips of 1 ^-inch strapping, one 
applied in the upper third of the forearm, and the other across the dorsal 
aspect of the wrist joint below the fracture. It is well to pass the strap- 
ping over small felt pads, or blistering of the skin may be caused. 
Finally, a firm calico bandage is applied. This should commence from 
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without inwards across the dorsum of the forearm ; when the wrist 
is reached, a loop of bandage is taken round the bar of the splint and 
returned across the dorsum in the opposite direction. The bandage is 
then finished off in the usual manner. The loop serves to maintain 
the hand in ulnar deviation. 

(2) Fixation by plaster. Instead of Carr's splint, fixation may be made 
by an unpadded dorsal plaster slab. The slab should cover the whole of 
the dorsal aspect of the forearm and extend to the knuckles (fig. 2385). 
The wrist is held in ulnar deviation and slight palmar-flexion while the 
cast is hardening. A turn of plaster bandage or a loop of wire should 
pass across the palm. It should be narrow so that free movement of the 
fingers and thumb can take place. The slab is retained by a covering of 
flannel bandage, over which is applied one layer of wet plaster bandage. 
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A fter-Treatment. 

General. The patient is told to move the shoulder, fingers and thumb from 
the first, and should be encouraged to make as much use of them as possible to 
grasp light objects or in attempts to play the piano. This will be much easier 
when the plaster-cast is used. 

An arm sling may be necessary to make the patient comfortable for a few 
days, but it should be discarded as early as possible. Neglect of this leads to 
inadequate finger movements and to stiffness of the shoulder joint, which is a 
common and unrecognised complication of Colies’ fracture. 

Special. (1) If a Carr splint is used, it should remain undisturbed for ten 
days. Massage is then started. The bandage and strapping are removed, but 
the limb remains on the splint. Gentle massage and assisted finger movements 
are employed. Attention should also be given to the elbow and shoulder. 

At the end of three weeks the splint may usually be discarded ; if all local 
tenderness has disappeared, movements of the wrist joint may then be commenced. 

(2) The plaster-cast should remain undisturbed for four or five weeks. Active 
use of the limb is encouraged, and when confidence is gained more household 
duties can be performed. 

Subsequent treatment consists in the wearing of a firm wrist bandage, and 
in physio-therapy if free movement does not return quickly. 

Common Mistakes. 

(1) Fracture not completely reduced before splint is applied (fig. 
2386) ; (2) Neglect to make an X-ray examination after reduction ; 
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(3) Removal of splint too early, when callus is still soft ; (4) Violent 
massage and movements which cause deformity to recur; and 
(5) Badly-applied splint or plaster resulting in : (a) Blistering of the 
skin and oedema; and (6) Limitation of finger and thumb movements. 

Common Complicciio)\$. 

(1) ilalunion (see fig. 2387). 

(2) Tenosynovitis of extensor tendons. 

(3) Arthritis of wrist and radio-ulnar joints. 

(4) Stiff elbow and shoulder. 

A rare complication is rupture of the extensor pollicis longus tendon, 
which may occur at any time between a week and many years after the 
injury. (See also VoL II, page 3457.) 

The rupture is more frequently found when early active movements 
of the thumb have been instituted, which lends support to the view 
that the teudon is traumatised against a slump bony spicule. 

BACKFIRE FRACTURE 

The cause is a backfire while swinging the engine of a motor vehicle, 
hence the fracture is seen almost exclusively in young male adults. 

It may happen in two ways : 

(1) The starting-handle is grasped between the fingers and thumb. 
The sudden jerk is transferred to the region of the lower end of the radius. 

Three types of fracture may result : 

(а) Colies' fracture 

(б) Oblique fracture into the wrist joint from the base of the styloid 
process. 

(c) Fracture of radius 1 to 3 inches above the wrist joint. 

(2) The starting-handle is grasped with the fingers only. The jerk 
forces the handle out of the grasp of the fingers and the handle flies 
round, striking the dorsal aspect of the forearm in the lower third. 
The site of fracture will be at this level. 

smith's fracture 

A reversed Colics' fracture. The displacement of the lower fragment 
is forwards instead of backwards. 

SEPARATED LOWER RADIAL EPIPHYSIS 

A common injury among adolescent males. The cause is a fall on to 
the outstretched hand, and the condition corresponds until a Colics’ 
fracture in later life. It is sometimes bilateral. 

The lesion is a fracture-dislocation of the epiphysis, the fracture 
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consisting of a small triangular fragment broken from the dorsal 
aspect of the radius and remaining attached to the epiphysis. 

Deformity is similar to that of a Colles’ fracture (fig. 2388). 

Treatment. The small fragment of radial shaft makes the reduction 
of the separated epiphysis difficult. 

Should manipulation fail, forcible correction over a wedge will 
nearly always succeed, provided this is attempted early. Fixation is by 
a plaster-cast. If any backward tilt persists after attempted reduction, 
the wrist should be put into full palmar-flexion and ulnar deviation. 



Open operation is inadvisable because of the danger of damaging 
the epiphysial line and thus interfering with bone growth, but in old- 
standing unreduced cases an osteotomy may be required. 


CARPAL BOXES 
SCAPHOID 

This is a common injury which is frequently misdiagnosed as a 
“sprain” of the wrist (see fig. 2389). Every “sprain” should be sub- 
jected to X-ray examination. The bone fractures in its narrow central 
portion, and the use of a lens may be necessary to see the fracture line 
in the skiagram. Some weeks after the injury the fracture line becomes 
wide and obvious owing to separation of the fragments, absorption of 
bone, and decalcification. Fixation must be maintained for a long 
time, as otherwise the ncwly-forincd blood-vessels will be torn across 
by movement and non-union will result. 

Diagnosis. History of a full on the hand or of a sudden jerk, pain, 
swelling, and tenderness on pressure in the “anatomical snuff-box” 
and over the tuberosity of the scaphoid, at the base of the thenar 
eminence ; there is, in addition, limited dorsiflexion of the wrist. 
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Treatment. 

(1 ) Recent cases . The wrist is fixed in full dorsiflexion by means of 
a plaster-cast. The cast should be removed at the end of six weeks and 
X-ray pictures then taken. If bony onion is not complete, the cast is 
reapplied for a further four weeks. 

(2) Late cases. If the injury has remained untreated for some weeks, 
the scaphoid will appear decalcified. This irregular decalcification is 
referred to as “ cavitation.” One of the fragments may appear denser 
than the other, as a result of diminished blood supply. 

A plaster-cast is applied as before, but a much longer period of 



immobilisation will be required — as long as eight months may be 
necessary. Active use of the ami, fingers and thumb must be encouraged 
during the period of immobility. 

(3) In very late untreated cases, the fracture surfaces may appear 
sclerosed, as in other bones in which non-union is present. It Is useless 
to expect this type to unite by immobilisation, unless the fragments 
are first drilled by Beck s method to provide channels through which 
fclccd-veasels may grow. 

(4) The operation oj removal of the scaphoid or of a fragment is 
sometimes advocated. The result of this procedure is poor, arthritis 
and weak grip being frequent sequelae. 


SOULCXAB BOXE 

Dislocation of the semilunar bone is found occasionally, as a result 
of falls ami bloira upon the outstretched hand. The mechanism by 
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which the dislocation is produced may be described in three 
stages : 

(1) Dorsal dislocation of the hand, upon the semilunar and radius. 

(2) Upward displacement of the hand, so that the head of the os 
magnum lies behind the semilunar. The weak posterior liga- 
ment between the radius and semilunar gives way and the bone 
starts to rotate forward as it is pressed upon by the os magnum. 



(3) The semilunar rotates through 90 degrees, so that its concave 
surface looks forward and the head of the os magnum artic- 
ulates with the radius. On occasions, the semilunar may rotate 
further on the anterior ligament, so that it rests on the anterior 
surface of the lower end of the radius, the concavity of the bone 
facing the elbow. 

Diagnosis. History of injury, limited movement in the wrist 
(especially flexion), and effusion. In recent cases the bone may be felt 
on the front of the wrist as an indistinct swelling. Tingling in the distri- 
bution of the median nerve may be present. 

X-ray examination. The lateral view is the more important, and 
shows the bone lying in front of the os magnum, with its crescentic 
margin looking forward (fig. 2390). 

Complications. 

( 1 ) The scaphoid may be fractured in addition. If this is so, the inner 
fragment will be found dislocated forward with the semilunar. 
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(2) One of the “ horns ” of the semilunar may be fractured, usually 
the posterior. 

(3) The injury is liable to be misdiagnosed in the absence of X-ray 
pictures. Old-standing dislocations are difficult to reduce and 
may necessitate open operation. 

Treatment. 

(1) Recent cases. Reduction is effected by manual traction, under 
anaesthesia, on the fingers and thumb. Counter-traction is made on 
the forearm by an assistant, or the method of fixing the flexed elbow 
to a wall hook by means of a webbing sling, as advocated by Bolder, may 
be used. The traction is kept up steadily for at least ten minutes, but 
this alone does not reduce the dislocation ; pressure upon the dorsal 
aspect of the wrist will cause the os magnum to snap back into place, 
provided the dislocation is in Stage (1). 

A skiagram is taken, confirming that reduction is complete. If the 
method fails, a second attempt should be made. In any case, the widen- 
ing of the gap between radius and os magnum will render the subsequent 
operation easy. 

(2) Open operation is only indicated where traction has failed. The 
interval between radius and os magnum is exposed by a straight 
incision on the dorsal aspect, on the side of the radial tubercle. The 
tendons are retracted and the head of the os magnum levered back into 
position. Approach from the front of the wrist is referred to later. 

Fixation. This is by dorsal plaster slab for three weeks. If the 
scaphoid is fractured, fixation must be for eight weeks. X-ray examina- 
tion at the end of this period should confirm bony uniou, otherwise the 
period of fixation must be extended. Subsequent massage is unnecessary. 

Removal of the semilunar leads to a weak wrist and grip aiid should 
be avoided. 

^ote. Kienbocli's disease is an affection of the semilunar bone causing 
necioo's of unknown pathology. It is not related to dislocations, but may result 
from compression fracture ou this bone. 

OTHER CARPAL BOXES 

These are treated by the application of a plaster-cast, with the 
wrist in dorsiflexion. Fixation for three to six weeks is required. 
Active use of the arm and fingers should be encouraged. 

METACARFALS 

Ikmirlft fracture. The so-called boxer’s fracture is a fracture- 
dislocation of the base of the first metacarral. The shaft is displaced in 



ORTHOPAEDICS 


4445 


a radio-dorsal direction, while a small triangular fragment remains in 
its normal relation to the trapezium on the ulnar palmar side. As the 
joint between the metacarpal and trapezium is of special importance 
in movements of the thumb, accurate reduction is essential. A com- 
parable injury occurs before the epiphysis at the base of the first 
metacarpal has fused. The proximal fragment consists of the epiphysis 
and a wedge-shaped piece of bone. 

Treatment. The patient is anaesthetised. The surgeon grasps the 
wrist with one hand and exerts powerful traction upon the thumb 
with the other. The prominent base of the metacarpal is then pushed 
back into position and the thumb fully abducted. 

Fixation. A complete plaster-cast is applied to the forearm and 
extends to the knuckles. It continues as a “ sleeve ” to the tip of the 
thumb. It is advisable to place a small piece of felt over the base of the 
metacarpal. While the plaster is setting, the thumb is held in full 
abduction, and the plaster is moulded firmly over the site of fracture, 
which is protected from undue pressure by the felt. 

The cast should be kept in position for three weeks. Should 
manipulative reduction fail, resort must be had to skeletal traction, as 
described subsequently. 

Fractures of 2nd to 5th Metacarjxils. 

The fracture may be of the base, neck, or shaft. The former are 
commonly transverse, while the latter is an obYiquc fracture. Fracture 
of the neck of the 5th metacarpal bone is common. Tiie shafts of several 
metacarpal bones are not infrequently fractured by the same injury. 
Deformity, if present, consists of overlap, with antcro-posterior or 
lateral displacement. 

Diagnosis. Local tenderness, inequality of the knuckles when the 
hand is clenched, and pain on finger movement. A useful sign is elicited 
by pulling on the fingers, or by pressure on the knuckles. If these 
cause pain, a fracture is almost certainly present. Skiagrams, of 
course, are essential. 

Treatment. 

(1) Fracture icithout displacement. Fixation by a padded malleable 
iron splint, applied on the dorsal or palmar aspect of the metacarpal 
and corresponding finger, is all that is necessary. Four weeks will be 
required for union. 

(2) Fiactures uith displacement, (’ontinuous traction must be 
applied until the fracture is uuited. 

Method. An anaesthetic is given. The forearm is encased in a u elf- 
fitting plaster-cast, extending from below the elbow to the knuckles. 
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While the plaster is setting, an assistant makes traction on the fingers 
and the displacement is corrected as much as possible by manipulation. 
That portion of plaster over the site of fracture is well moulded. 
A piece of malleable iron or stout iron wire is fastened to the plaster- 
cast by a few turns of plaster bandage in such a way that it projects 
beyond the finger. The end of the wire is bent into a hook. The 
traction apparatus on the finger is now connected to the wire hook 
by a piece of tape or elastic. The line of traction should cause the finger 
to be semi-flexed. Continuous traction may be kept up in this way 
for an indefinite period. Daily inspection is necessary to maintain the 
correct degree of traction. Four weeks’ traction will usually suffice. 
This method is particularly valuable in the treatment of open fractures. 
Extension is made from the corresponding finger in one of the following 
ways : 

(a) By adhesive strapping. A piece of 1-inch strapping, twice the 
length of the finger, is folded at the centre over a piece of string. The 
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two “ limbs ” thus made are attached to the lateral aspects of the finger 
and bound firmly by 1-inch oblique strips. Considerable traction may 
be exerted in this way. 

(6) By a spring wire clip, inserted into the pulp of the finger 
(fig. 2391). 

(c) By transfixion of the nail and terminal phalanx with a short- 
length of Kirschner wire. The wire is then bent into a loop and twisted 
together. 

DISLOCATION OF THE PHALANGES 

Simple traction is sufficient to overcome the majority of these 
dislocations. 

Dislocation of the metacarpo-phalangeal joint of the thumb may 
be difficult to reduce, owing to the interlocking of the flexor tendons 
or joint capsule with the head of the metacarpal. Should manipulation 
fail an incision is made over the flexor aspect and the tendons drawn 
aside. Reduction is then easy. 
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FRACTURES OF THE PHALANGES 

Proximal . The proximal fragment becomes flexed and the distal 
fragment hyperextended by the action of the lumbricales and inter- 
ossei muscles. 

Treatment. The deformity can often be corrected by manipulation, 
and the finger immobilised in a position of flexion on a malleable iron 
splint applied to the palmar aspect. Failing this, one of the methods 
of traction advised for fractures of the metacarpal bones should be 
employed. The malleable iron splint should be incorporated in the 
plaster-cast or malleable wire be placed on the dorsum, and con- 
tinuous traction made while the finger rests upon it (see fig. 2391). Four 
weeks will suffice. Active exercise of the sound fingers must commence 
at once. 

Fractures of the middle and terminal phalanges. Displacement 
should be reduced and the finger immobilised on a malleable iron 
splint for three weeks. 

Transverse fracture of the terminal phalanx often remains untreated, 
and fibrous union or non-union ra^ay result, with no disability. 

Fractures with joint involvement. These occur as a result of blows 
upon the tip of the extended finger. Treatment is on general lines. 
Dislocations are reduced by manipulation, but occasionally open 
operation is required owing to displaced bone fragments. Limited 
movement frequently follows fractures into an interphalangeal joint. 

Avulsion of a bone fragment at the insertion of the extensor tendon 
is sometimes seen. The result is a “ mallet finger.” Treatment is by 
fixation on a malleable iron splint or by plaster for six weeks. When 
fixed, the finger should be flexed at the middle joint and extended at 
the terminal joint. This position brings about relaxat ion of the extensor 
tendon (see also Vol. II, page 3448). 

Multiple fractures of metacarpal bones and phalanges are best treated 
by extension on all the fingers. A plaster-cast is applied round the 
forearm. A hoop of wire with two 0-inch arms is made. The hoop 
extends round the ends of the fingers and 2 inches beyond. The arms 
are fixed in the plaster-cast. The extensions arc attached to the hoop. 
The extensions can be by strapping, or by pin extension inserted 
through the terminal phalanges or through the pulp of the fingers. 

RIBS 

Fractures result from direct violence or compression. It is common 
to see one or two ribs broken in the middle, or a large number just in 
front of the angles, when there are other severe injuries. In the 
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elderly, fracture of one or two ribs is relatively common, whereas in 
children, it is rare, except in severe road accidents in association 
with other injuries. 

Signs and Symplons. There is severe pain over the fracture which 
is increased by deep breathing and coughing. Crepitus may he felt and 
local tenderness. Displacement is seldom present. Pain is produced 
at the site of the fracture by compression of the chest wall. 

Complications result from injury to thoracic viscera, particularly to 
the pleura and lungs in the upper ribs, and to the liver and kidneys 
below. The signs of surgical emphysema will be evident, and those of 
visceral injur}* are usually more prominent than those of fracture. 
Compound fractures are readily diagnosed by inspection of the wound, 
and often extend to the pleura. 

Treatment. When no complication exists and the patient is fit, 
confinement to bed is not necessary. After forced expiration, the chest 
is strapped for two-thirds of its circumference, so that two ribs above 
and below the injured ones are covered. This should be retained for 
three weeks. 

Prognosis. Xo permanent injury results from an uncomplicated 
case. Pain is often very persistent, particularly in a heavily-built man. 
Ordinary light occupation can he followed soon after the injury in 
most cases, but a man employed on heavy labour should be kept of! 
work for three months. Prolonged fixation appears to assist this type 
of case. 

Pneumonia may follow in the aged, and this complication at any 
age is likely to be more serious than the fracture itself. 

STERNUM 

Fracture is rare and is due to a severe crush. Sometimes it occurs 
at tie same time as a flexion-fracture of the dorsal spine. There is 
usually haemorrhage into the anterior mediastinum. Examination 
shows a bruise and tenderness over the site of the injury. Displace- 
ment is palpable, particularly when the manubrium is displaced back- 
wards in relation to the body of the sternum. Thoracic viscera may be 
injured. Treatment consists in putting the patient to bed for a month 
with a back-rest. Local treatment is net necessary. Xo manual work 
should le allowed for two months. 

SPINE 

The majority of the 5 *? fractures are caused by indirect violence, 
such as falling from a height on to the buttocks, or by a heavy weight 
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falling on to the back while the patient is stooping. Fractures pro- 
duced in this manner are almost always of the compression type. 
Direct violence and muscular actions also play a part, the former 
being responsible for fractures of spinous processes, transverse pro- 
cesses, and the rare condition of fracture of a lamina. It has been 
pointed out (S. T. Irwin, Jan. 4th, 1936) that fracture of the 

transverse processes, so common in the lumbar region, is probably 
caused by the pull of the quadratics luinborum muscle rather than by 
direct violence. 

A convenient classification of spinal fractures is the following : 

(а) Compression fractures of a vertebral body, 40 per cent. 

(б) Fracture of spinous process, transverse process or lamina. 

(c) Fracture-dislocation in the cervical region. 

(d) Fractures of special vertebra? (atlas and axis). 

(c) Fracture of the coccyx. 

Site. Coinpiession fractures occur most frequently in the dorsi- 
lunibar region of the column (10th dorsal to 2nd lumbar). Fracture of 
transverse processes in the lumbar region, and fracture-dislocation in 
the cervical (commonly 5-6th cervical). Fractures in the upper dorsal 
region are rare, owing to the support given by the ribs. 

Diagnosis. This is usually straightforward if it is remembered that 
every suspected case of spinal injury must be examined by X-rays, both 
in the antero-posterior and lateral planes. Occasionally a stereoscopic 
view may be of service in the cervical region. Considerable deformity 
may occur, but spontaneous reduction may take place whilst the patient 
is being transported to hospital, and unless the skiagrams are carefully 
examined the fracture may be missed. Such cases probably explain 
the slow collapse which may be discovered in a vertebral body some 
months after what appeared to be a trivial injury. Tins condition 
has been described under the name of KummcVs disease (spondylitis 
traumatica). 

(a1) Compression Fractures 

This type is the result of acute flexion of the spinal column. The 
mid-dorsal region is occasionally involved. Only 30 per cent of cases 
are complicated by severe coni or nerve injury. The natural tendency 
of this part of the column is to flex when under stress, and one vertebral 
body becomes “ nipped ” between the bodies of the vertebra? above 
ami below (see iig. 235)2). Owing to the spongy structure of a vertebral 
body the thin cortex of hone is easily broken through and the anterior 
portion of the hone is pu.died forward, thus putting the anterior com- 
mon ligament under tension. Damage to the intervening intervertebral 
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<liscs may also occur and has been well described by Schmorl and 
Beadle (fig. 2393). 

In cases where the spinal cord is injured, there may be 
compression followed by cedema, haemorrhage into the cord, or 
complete transection (fig. 2392). Paraplegia will result in each case, 
but it is impossible to tell in the early stages how much recovery 
will take place. 

Prognosis. This will depend upon : (a) Early diagnosis ; { b ) signs 
of cord injury ; and (c) the efficiency of the treatment. 

In the absence of cord injury, the prognosis is excellent provided 
that disimpaction and immobilisation for a sufficiently long period are 
carried out. Should the deformity remain unreduced, persistent pain 
and disability arc to be expected. 

Treatment. The deformity is reduced by the method advocated by 
Robert Jones and developed by Watson Jones ( Journ . Bone and Joint 
Surg., 1934, XVI, 3(Mo). 

The principle is simple in that it consists of hyperextension of the 
spine. This is brought about by the patient’s own weight and no 
extra force is required. The apparatus consists of two tables, one 
rather higher than the other. The patient lies prone, with his arms and 
shoulders resting upon the higher table and his legs upon the lower. 
The portion of his body between the clavicles and the groins is suspended 
in mid-air and “ sags ” down, thus producing sufficient hyperextension 
to complete reduction of the fracture. A preliminary injection of 
morphia J gr. is given, but no anaesthetic is required and only slight 
pain and discomfort are experienced. It is convenient to provide a 
canvas sling round the upper part of the chest which is connected to a 
pulley on the wall behind, and thus relieves the arms of a considerable 
portion of the body weight. 

In this position a Zig/uZy-paddcd plaster jacket is applied over a vest 
or bathing suit. A small felt pad should be placed in the lumbar 
region and the plaster well moulded round the pelvis. The jacket 
extends from the clavicles to the groins (sec fig. 2394). A window is 
cut over the lumbar felt pad, but the felt is not disturbed. 

The patient is returned to bed, but may sit up immediately and is 
allowed to walk in a week. 

After-Treatment consists in encouraging n normal mode of life and in graduated 
exercises to the limbs, pelvis, and abdominal and spinal muscles. The jacket 
should b« worn for a period of from three months in mild cases to six months 
for a severe comminuted fracture. The condition of consolidation of the fracture 
must be checked by skiagrams taken through the plaster before removal of the 
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jacket. Following upon removal of the jacket the patient continues Ilia exercises 

and commences flexion of the spine. 

Reduction of Special Spinal Fractures. 

(I) Dorsal region. The spine is fixed just below the site of fracture 
by means of a sling tied to the table legs. Hyperextension by the 
shoulder sling then exerts great force at the site where it is required. 



Xote. (a) A rare type of comminuted fracture is caused by hyperextension. 
It can be recognised m a lateral skiagram by the fact that the posterior part of the 
vertebral body remains intact while the anterior half separates into an upper and 
lower fragment In this type of fracture liyperextension is obviously contra- 
indicated 

(6) Some authors advocate that fractures occurring in the portion, of the 
column where the convexity is backward (i.e. the upper-dorsal region) should 
be treated by reduction followed by recumbency in a plaster bed, owing to the 
tendency for the deformity to recur. 

(2) Cervical region. The patient lies supine, with his head and 
shoulders projecting beyond the table. Hyperextension is effected by 
allowing the head to drop back. The plaster-cast is made to include 
the head, neck and upper trunk. 

(3) Late cases of crush fracture, with persistent j>ain. In these cases, 
the question of fixation of the damaged vertebrae by a short Albee 
bone graft should be considered. 

(4) Fractures complicated by paraplegia (fig. 2393). Immediate 
relief of pressure by hyperextension is indicated. Laminectomy is 
useless in the majority of cases, whether performed early or late. 
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The prognosis in fractures in the lower dorsal and lumbar regions 
is good, that in the upper dorsal region is poor. 

First- Aid treatment (when diagnosed by a doctor). Arising out of 
these methods of treatment, it is obvious that when a patient is trans- 
ported from the scene of accident lie should lie in the prone position. 


Fig. 2395 — OsLl^rc FZJCTISS- DISLOCA- 
TION IWOIAIMl TWO UITItEI AND THE 
I'TLH- VFKTFBKAL DISC T »* 5MN42. COUD 

HAS SID DAHAOKD 
(J I use urn, Ktsj'l CtiUgt tfotpital ) 


Iii many instances, carried in this way, the fracture is found to be re- 
duced on arrival at hospital, although the presence of paraplegia may 
indicate that a serious deformity was at one time present. 

(B) Fractures of Spinous and Transverse Processes and of the Lamina 

(1) Spinous processes. There are fractures by direct violence, muscular 
action, or liypcrcxteusltm. The superficial processes of tire lower 
cervical and upper dorsal region are prone to injury. Immobilisation 
for a few days, followed by physical treatment, is all that is necessary. 

(2) Transverse processes. Those of the lumbar vertebrae arc most 
often affected. Traction by the quadratus lumborum is often respon- 
sible, but direct violence accounts for a number of cases. Care should be 
taken not to mistake an un-united epiphysis for a fracture. This may 
be of medico-legal importance. -Is the majority of cases occur in 
labouring men. the period of disability is longer than might be expected 
ami some pain may persist for as long as three months. 

Treatment. It is advisable for the patient to rest in bed for fourteen 
days. The injured part may be firmly strapped over a piece of felt. 
Subsequently, physical treatment should be employed. The fragment 
should never be removed. 
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(3) Lamina. Pressure on the spinal cord may be present through 
bone being driven inwards by direct violence, or the fracture may be 
confined to a fissure. If any displacement is present, or if the cord 
is pressed upon, treatment should be by open operation, in order 
to remove depressed portions of bone or blood clot. 

(C) Fracture-Dislocations in the Cervical Region 

(1) Above the Alh Segment. 

(a) Simple dislocations are usual, although an articular facet may 
be fractured. The cord is uninjured. If one articulation is dislocated, 
there will be rotation of the upper vertebra; upon the lower. If both 



are dislocated, the upper vertebrae will be displaced forwards. Pain, 
stiffness of the neck, and accurate skiagrams will make the diagnosis 
clear (fig. 2396). The nerve-roots may be injured. 

Treatment is by immediate manipulative reduction, if necessary 
under an anaesthetic. The manoeuvres consist of extension, side 
flexion, and rotation, and reduction is often effected with a click. The 
neck is immobilised in a plaster collar for six weeks. 

[b) F radure-dislocation in this region results in sudden death from 
respiratory failure due to severe cord injury. 

(2) Below the 4/A Segment — Cord Injured . 

Sudden death may occur, or if the phrenic nerves escape the 
patient may live. The prognosis is poor and the complications of 
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bed-sores, retention of urine and ascending pyelonephritis are 
inevitable. 

(а) Injury at level of 5th segment : Complete paralysis of arms. 

(б) Injury at level of 5th and 6th segment : Anns held in abduction, 
with elbows flexed and forearms supinated — “ Kamerad ” position. 

(c) Injury below 6th segment : Partial paralysis of hand. The arms 
can be moved. 

The level of the fracture may be localised by neurological 
examination (see page 5515). 

Treatment. Should evidence of cord injury be present, without 
bony displacement, the spine is fixed by a plaster-cast, including the 
head, but no other treatment is instituted (Cotton). 

If displacement is present, reduction should be attempted by 
manipulation, and the spine subsequently immobilised. 

The prognosis in such cases is usually hopeless, the patient dying 
months or years later. 

Cord Uninjured. 

Reduction is effected by manipulation, or, should this fail, by gradual 
extension. This is applied by a leather “ halter ” which grasps the chin 
and occiput and to which a weight extension may be attached. Sub- 
sequently, immobilisation in a plaster collar for three months is advis- 
able. The collar rests on the shoulder, to which it should be moulded, 
and fits accurately round the chin, lower jaw and occiput. For more 
secure fixation the plaster may be extended posteriorly to a band 
encircling the head. 

(D) Fractures of Special Vertebra 

(1) Atlas. The force applied to the vertex of the skull tends to 
drive the occipital condyles into the condyles of the atlas. These face 
inwards and so the bone tends to be “ spread ” laterally. The posterior 
arch, being the weaker, is broken. Forty-five per cent of cases arc non- 
fatal. The odontoid process of the axis may be fractured in cases 
where hyperextension of the neck has occurred. 

Diagnosis depends upon the history, and upon inability to nod or to 
rotate or support the head without pain. Anaesthesia or neuralgia may 
be found in the distribution of the great occipital nerve. Examina- 
tion should include inspection of the spinous process for undue 
prominence, ami of the pharynx for projection of the lateral mass. 

Treatment. In the presence of deformity, manipulation or extension 
may be attempted. Sudden death may result from displacement of 
the odontoid process against the cord ; should this be fractured, 
careful X-ray examination must be made before attempting any 
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manipulation. Immobilisation, as for high cervical fractures, is 
advised. 

(2) Axis. The common site is the base of the odontoid process. It 
is caused by acute hyperextension of the neck, or by pressure upon the 
head when the spine is held rigid. Union by bone is rare. 

Treatment follows the general principles already outlined. 

(E) Fracture of the Coccyx 

A common accident, due to falls while descending the stairs, the 
coccj^x being struck against a projection. (Coccygeal neuralgia is 
common among women after falls on the buttocks, but is not necessarily 
associated with a fracture.) 

Diagnosis. Rectal examination should always be made ; the coccyx 
can be grasped between the finger and thumb, and pain on movement, 
or deformity, be observed. Forward displacement may interfere with 
child-birth. 

Treatment. This consists of: Reduction of any deformity by a 
finger in the rectum ; rest in bed for fourteen days ; and excision of 
the fragment or of the whole coccyx may sometimes be necessary. 

PELVIS 

There may be fractures of the true or false pelvis (i.e. above or 
below the pelvic brim), or of the sacrum, coccyx or acetabulum. The 


y <9 2397. — Iixcstbahno nres 

or IKACTCRE Of tu* ru.>i» 
A. Fracture of iliac rrest 
BBB. Oblique fracture. 

CC. rracture confined to putu* 
and iscbiuni 


cause is usually violence applied dncctly, cither as a result of load 
accidents, falls from a height, or crush injuries. According to statistics 
(published up 1929) of ICO cases, 44 per cent involved the whole pelvic 
gudle, 24 per cent the pubis, a d 18 per cent the ilium. 
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Types. 

(1) Fractures of the ilium consist of linear or stellate cracks, causing 
separation of a portion of the iliac crest (fig. 2397, a). Crepitus is 
obtainable, and a large lirematoma may be present in the iliac fossa. 
Visceral complications are rare. 

Avulsion of the anterior superior or inferior iliac spine may occur 
as a result of muscular traction. 

(2) Fractures of the pubis ; both rami were accompanied by visceral 
complications in about 20 per cent of cases. 

(3) Fractures of the whole pelvic girdle. Two types are common : 

(а) An oblique fracture running through the ilium and sacral 
foramina on one side, with a fracture of the pubis and ischium on the 
opposite side (see fig. 2397, b-b~b). 

(б) The fractures of ilium, sacrum and pubis may be limited to one 
side only. 

Complications. Either type may he associated with injury to 
viscera, and, in the series quoted, rather more than 10 per cent sustained 
this complication. In every case in which injury to viscera occurred, 
of whatever type, the accident was due to being run over in the street. 

[а) The membranous urethra may be torn. Signs of this should be 
sought in every case in which the pubic bones are involved. Pain, 
retention of urine, and perineal hfeinatoma are typical symptoms. 
Blood may be “ milked ” from the urethra. If doubt exists, a soft 
rubber catheter should he passed and a specimen of urine obtained. 
Great care must he taken to avoid infection, and the catheterisation is 
best done in the operating theatre, rather than in the casualty depart- 
ment. On no account should the patient he told to “ see if he can pass 
water,” as in the presence of a tear extravasation of urine will result. 

(б) Rupture of the bladder. Intra- or extra-peritoneal rupture may 
occur, especially if the bladder is full at the time of injury. 

Suggestive signs of intra-peritoneal rupture are severe shock and 
abdominal dullness and rigidity, together with the non-passage of 
urine in spite of fluids being taken by the mouth. A small quantity of 
blood-stained urine may be obtained by catheter (see also Vol. II, 
page 2887). 

(c) Injuries to the rectum are rare, and no case occurred in the senes 
of 100 quoted. Complete investigations of a case of pelvic injury 
should, however, include a rectal examination. When the sacrum or 
coccyx is injured, it may be possible to palpate or replace a fracture by 
this moans. 

(d) Injury to the ]*h ic veins may result in thrombosis. Occasionally 
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pulmonary embo lism has occurred, and in other cases the thrombosis 
has extended to the femoral vein, the resulting oedema of the teg proving 
a serious disability. 

(e) The sacral nerves emerge through foramina considerably larger 
than the diameter of the nerve trunks. Hence, pressure from dis- 
placed fractures or by callus is rare, but sciatic pain as a sequela of 
pelvic injury must be borne in m i n d. 

Treat meat of Uncomplicated Cases. 

The treatment of shock should be the first consideration. 

In the majority of cases, displacement is negligible and all that is 
necessary is to support the pelvis with a firm binder. The patient 
should be nursed on a divided mattress, and kept in bed for a minimum 
of six weeks. Instead of a binder, a well-moulded pair of ** plaster 
knickers” may be applied, including the pelvis and both thighs as 
far as the knee. A plaster bed can be used, extending from the middle 
of the back to the knees. 

If one side of the pelvis is displaced upon the other, the movement 
is usually in an upward direction, owing to the pull of the abdominal 
and psoas muscles. Should this happen, an attempt may be made to 
overcome the deformity by continuous traction upon the leg, after 
the manner of Hoke’s traction for dislocation of the sacro-iliac joint. 
The patient may be allowed up in his plaster after six weeks, and may 
attempt to walk with the help of crutches. A period of three months 
will probably be necessary before the plaster and crutches can be 
discarded completely. 

When fractures of the pelvis are complicated by injury to the ure- 
thra, bladder, rectum or other viscera, primary treatment is directed 
to the visceral complication. A prompt diagnosis of the complication 
is essential for a satisfactory recovery, and neglect of the fracture of 
the pelvis until the visceral lesion is dealt with seldom affects the 
prognosis of the fracture. 

The prognosis after simple fracture is satisfactory but progress is 
slow. There is commonly complaint of a feeling of insecurity about 
the pelvis, particularly when walking. 

Treatment of urethral and bladder injury is described in Yol. II, 
pages 3066 and 2888. 

Acetabulum. 

(1) Fracture of the rim. 

(2) Fracture of the floor (central dislocation of the hip joint). 

(1) Fracture of the rim of the acetabulum is usually associated with 
dislocation of the hip joint. The postero-superior portion of the rim is 
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separated upwards. It is recognisable by the fact that reduction of the 
dislocation is easy, but its retention is difficult. There should be no 
mistake about the diagnosis from the X-ray pictures. 

Treatment consists of reduction of the dislocation under an anaes- 
thetic and of fixation of the thigh in a position of full abduction. 

In a young patient a plaster spica should be employed, extending 
from above the waist down to and including the foot on the affected 
side. Such an appliance is not suitable for an elderly or heavily-built 
patient, who should be placed on a divided mattress, and strapping 
extension applied to the limb and to an extension pulley. Some degree 
of tilting of the pelvis can he prevented by the use of a flannel bandage 
applied as a pelvic band round the sound groin and tied above to the 
opposite corner of the bed. 

In young patients, if the fractured portion includes a considerable 
area of the roof of the acetabulum, the fractured portion of bone 
should be fixed in place by an open operation. 

(2) A direct blow applied to the region of the great trochanter may 
drive the head of the femur into or through the floor of the acetabulum 
so that the acetabulum becomes comminuted. 

Treatment. When the floor is fractured without inward displace- 
ment of the head of the femur, the patient should be put to bed and a 
weight extension applied to the limb for six weeks. Subsequently, a 
weight-bearing caliper should be worn for another six weeks. Ineffi- 
cient treatment will be followed by painful ankylosis of the hip. Even 
after the best treatment, a painful hip with limitation of movement will 
sometimes occur. In the more severe cases, arthrodesis may be required. 

Wien the femoral head is driven through the floor of the acetabulum, 
an attempt must be made to disengage it under a general anaesthetic. 
Fixation is then required in a position of 20 degrees flexion, with slight 
external rotation and abduction so that, should ankylosis occur, the 
ultimate function of the limb will be the best possible. 

Failure to reduce the head by manipulative traction should be 
followed by the insertion of a screw into the great trochanter and 
the application of traction. An open reduction involves an intra-pelvic 
operation and leaves a condition of the hip which is painful and will 
be followed by secondary arthritis. These fractures arc serious 
injuries ; considerable limitation of movement is to he expected ; 
pain is a frequent sequela and arthritis occurs later. 

Note. In viewing skiagrams of elderly patients, the floor of the acetabulum 
may appear to have sunk into the pelvis, the femoral head appearing deeply placed. 
The condition may be bilateral and is one of" protrusio acctabuli,” not necessarily 
associated with a past injury. 
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FEMCB 

Upper End of Femur 

This region includes the head, neck and trochanters. Various 
classifications are in use, but the simplest would appear to be that 
based upon the anatomical site of the fracture. Hence we may speak 
of capital : sub-capital ; cervical : basal : inter- or per-troclianteric : 
and sul>- trochanteric fractures. 

The older classification into intra- and extra-capsular fractures has 
no particular advantage, and leads to much confusion as to the exact 
type of the fracture. Strictly speaking, intra-capsular fractures should 
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include all those occurring above the anterior intertrochanteric line, 
while extra-capsular should refer to fractures of the intertrochanteric 
variety. 

For purposes of treatment it is sufficient to recognise three varieties .* 

(1) Sub-oojntal frccture (fig. 239S). This is the commonest variety 
of cervical fracture. 

(2) Basal fracture of the neck (fig. 2399). 

(3) Inter- or per-trochanteric fracture (fig. 2400). 

(The sub-trochanteric fracture is really a fracture of the upper end 
of the shaft, and will be considered under the appropriate section, while 
fracture of the head itself is a rarity.) 

The recognition of these three types is of the utmost importance, 
both from the point of view of treatment and of prognosis. Good 
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skiagrams are essential and, if possible, a lateral as well as an antero- 
posterior view should be taken. 

Method of taking X-ray pictures of the Neck of the Femur 

(а) Ordinary antero-posterioruew. (i) With leg rolled in; (ii) With leg rolled out. 

( б ) Lateral view, (i) With legs widely abducted, the film is held parallel with 
the neck, the edge of the casette being pressed firmly into the soft parts below the 
costal margins. The X-ray tube is situated in the region of the foot of the sound 
leg. (11) The patient is placed in the lithotomy position. The film is held as before, 
and the tube is located near the perineum of the patient. 

The taking of lateral skiagrams in this region will necessitate the use of shock- 
proof apparatus, and some form of ansesthesia will be necessary to place the limb 
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in the desired position. The use of special curved casrttes greatly facilitates the 
taking of these skiagrams. 

Too much stress cannot be laid upon the importance of the taking of good 
skiagrams in every case of injury or pain in the region of the hip, especially in 
elderly patients. Only too often is the diagnosis of “ strained liip ” or “ bruised 
hip ” made, and it is not perhaps until two or three weeks later that the patient 
seeks other advice and a fracture is found. 

'L’lie type of fracture most likely to be “ missed ” on clinical examina- 
tion is the impacted fracture , in which there is little or no shortening 
and no outward rotation of the leg, and on which the patient has 
possibly walked for some days after the accident. 
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The possibility of a pathological fracture, due to malignant disease, 
must always be borne in mind; when secondary carcinomatous 
deposits axe the cause, they are usually situated in the sub-trochanteric 
region rather than in the neck. 

General considerations. It should be realised that of the three types 
mentioned, basal fracture of the neck and intertrochanteric fracture 
usually unite readily by bone. 

Basal fractures are often impacted into the region of the trochanters 
without much deformity or shortening, whereas in the intertrochan- 
teric variety considerable separation of the fragments, with shortening 
and coxa vara, is the rule. The treatment of these types is discussed 

in a later section. _ . , _ 

Traiis-cerncal r raaurcs 

According to recent literature these constitute only one-third of the 
fractures of the upper end of the femur, the other two-thirds being 
fractures in the region of the trochanters. 

They may be sub-divided into two types : 

(1) Abduction (Valgus). The angulation of the neck is open 
upwards and forwards. The fracture is usually impacted. Bony union 


F'f- or mnni or ns or ran. 

530,08 coi» Til, m» tvunor or ir uin. 


occurs readily if the fracture is immobilised in a short plaster spica for 
three months, the patient being allowed to walk after six weeks. The 
fracture should never be disimpacted. 

(2) Adduction (Varus). (Fig. 2401.) The angulation of the neck is 
open backwards and inwards. The head is rotated backwards and the 
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leg rolled out, so that the fractured surfaces of the neck look forward. 
Separation of the fragments is the rule, and non-union will occur unless 
adequate steps are taken to immobilise both the upper and lower 
fragments in relation to one another. 

Reasons for non-union in abduction fractures of the neck of the femur : 

(1) The fragments are separated. 

(2) The blood supply to the “ capital fragment ” runs up the neck 
from vessels supplied by the capsule of the joint. When fracture 
occurs, both capsule and blood-vessels are tom. In sub-capital 
fractures the head may become completely avascular. 

(3) Even if adequate reduction is obtained by manipulation, 
movement between the fragments will repeatedly destroy newly-formed 
vessels, and non-union will result. Torsional or rotatory movements of 
the head are impossible to control by any form of external splintage. 

(4) The usual reasons given for non-union — such as senility, poor 
blood supply to the neck as a whole, and the presence of synovial fluid 
— do not appear to carry weight in the light of recent research. 
Inadequate treatment, i.e. incomplete immobilisation, has been the 
reason for past failures in this field. 

In order to obtain osseous union in this type of fracture the following 
criteria must be aimed at : 

(1) Good alignment and apposition of the head and ucck, obtained 
by manipulative reduction. 

(2) Complete fixation of the fragments, relative to one another. 
This can only be accomplished by operative means. 

(3) Relief from weight-bearing for a sufficient time for bony union 
to take place. Opinions as to the length of this period vary. (Bolder 
advises rest in bed for 3-4 weeks, followed by walking in a plaster-cast, 
which is removed in 12 weeks.) When in doubt it is better to err 
on the side of caution and to check the progress of union by X-ray 
photographs. In many cases it may be wise to provide the patient with 
a weight-bearing caliper for several months, even after union appears 
to be firm on X-ray examination. 

Age Incidence and Choice of Treatment. 

Whatever form of treatment is adopted, the age of the patient will 
have an important bearing upon the results. In a survey of 31 i cases 
by Stebbing in 1927, the average ago both for cervical and trochanteric 
fractures was 69 years. These cases were treated by exte;ision or 
abduction in plaster. In a more recent series of 100 cases by Watson 
Jones (1930) the average age, excluding the trochanteric region, was 
found to be 38-3 years. 



4464 POST-GRADUATE SURGERY 

In deciding what form of treatment to adopt, age, type of fracture, 
and general condition of the patient must be considered. If the patient 
with an abducted fracture is unsuitable for operative treatment, then 
immobilisation in plaster-of-Paris or by some other method may be 
suitable. 

Treatment of Trans-cervical Fractures. 

Adduction type. The diagnosis having been made, both by clinical 
and X-ray observations, the method of choice is undoubtedly that of 
operative fixation of the fracture by the Smith-Petersen nail. The 
virtue of the nail lies in the fact that it is provided with three flanges 
which firmly engage the femoral head and make rotatory movements 
impossible. Wires, screws, and bone pegs or grafts are all open to the 
objection that, being rounded, they cannot grip the femoral head. 
Bone grafts have the additional disadvantage of liability to absorption 
or fracture before bony union is complete. The best type of nail has 
a central canal, so that it may be threaded over a guide wire previously 
inserted. 

When to operate is an important ]x>int. There is no extreme urgency, 
and probably the best plan is to put the patient to bed, with a weight 
extension on the leg, for about a week, and then to perforin the 
operation. During this time, initial swelling will have subsided, and 
there will be ample opportunity for a detailed investigation of the 
general health. It should be emphatically stated that, if operative 
treatment be decided upon, the operation should not be undertaken 
lightly, and then only by one versed in the technique. It is beset with 
difficulties and not a few dangers. 

Tuo methods of insertion of the nail are in use : 

(1) By open operation ; or 

(2) By “ blind ” insertion. 

(1) Open Operation. 

(a) The fracture is first reduced by traction ; the femoral neck is 
then exposed and the accuracy of reduction checked. The guide is 
inserted under direct vision, and its position subsequently checked by 
X-ray examination. The nail is then inserted. 

[b) The femoral neck is exposed and the fracture reduced by traction 
under direct vision. Guide wire and nail are inserted by direct vision 
without the help of X-ray photographs. 

(2) “ Blind ” Insertion. 

In this method, the fracture is reduced by traction and the guide 
inserted through a small incision below the great trochanter. The 
accuracy of insertion is checked by skiagrams before insertion of the nail. 
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Accurate insertion is facilitated by the use of : (a) Mechanical 
appliances (Hey Groves, Eric Lloyd, and others); and (6) Bony points 
of the skeleton (Johansson), 

Of the two methods, there can be no doubt that insertion of the 
guide wire by open reduction, with free exposure of the site of the 
fracture, is the method of choice. This is carried out as follows : 

(а) The fracture is visualised, and the accuracy of reduction is 
checked. 

(б) The guide wire is inserted under direct vision. 

(c) Elaborate instruments for controlling the insertion of the guide 
wire are unnecessary. 

(d) Few arithmetical and no geometrical calculations are required. 

(e) It is possible to obtain accurate placing of the guide wire (and 
of the nail) without the use of X-ray examination in the operating 
theatre, although a skiagram check is an added advantage. If skia- 
grams are dispensed with during the operation, operating time may be 
reduced from the necessary 14-2 hours to within 1 hour. On the other 
hand, it must be admitted that the operation is one of considerable 
magnitude, involving extensive dissection, and is open to the usual 
operative risks. 

Shock, however, does not appear to be greatly increased when the 
“ open '* method is used, and the time saved more than compensates 
for the added exposure and loss of blood. 

Both methods will now be described in some detail : 

(I) Insertion by Open Operation (Modified Snuth-Petcrscn). 

(a) Anaesthetic. The blood-pressure should be taken, and if not 
abnormally low a spinal anaesthetic (percaine) should be given. Con- 
ditions will be more satisfactory for patient and operator if sufficient 
gas and oxygen to produce unconsciousness be administered. Should 
spinal anaesthesia be contra-indicated, gas-oxygen-etlier is probably 
the best substitute. 

(b) Ojfcratiny table. Some form provided with a perineal pot 
against which traction can be made is desirable. Screw-traction 
appliances to the feet arc a great advantage, but not essential, as in their 
absence the foot can be controlled and traction applied by an assistant. 

(c) Choice of nail. Before operating, it is necessary to have an 
X-ray picturo of the norma/ hip of the patient, together with a Smith- 
Beterscn nail, of known length, or a steel measure, on tlic same film. 
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It is then easy to decide what length of nail will be required, and errors 
due to distortion are avoided. 

(d) Incisions: (i) Smith-Petersen (see fig. 2344 n) ; or (ii) Lateral 
approach (fig. 2403). 

Occasionally the large flap turned down in the Sniith-Petersen 
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incision may slough. A lateral approach is advocated to avoid this 
danger (Watson Jones). 

If the Smith-Petersen approach is employed, the rectus femoris and 
tensor fascia? femoris are retracted outwards, and the capsule of the 
joint is divided in a longitudinal direction. 

If the lateral approach is used, the tensor fascia? femoris is pulled 
forwards and the gluteus medius partially detached from its insertion 
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into the great trochanter and retracted backwards. The capsule is 
incised along the intertrochanteric line as well as longitudinally, and the 
triangular opening thus made gives a good view of the neck. 
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Care should be taken of the exposed muscles by repeated applica- 
tions of hot cloths. 

(c) The leg is now rolled out, thus exposing the fractured surfaces. 

A guide wire is inserted in the centre of the femoral shaft, I— | inch 
below the base of the great trochanter, and drilled into the bone with 
an ordinary Kirschner wire drill. (If a rigid pin is used as guide an 
“ awl ” handle may be employed.) The guide is made to appear in the 
centre of the fractured surface of the neck. 


(/) Reduction is now obtained by traction on the leg in the direct 
line of the body. No abduction should be used at this stage, but slight 
flexion and internal rotation may help in accurate reduction. Accuracy 
of reduction is controlled by direct vision, when complete abduction 
will “ lock ” the fragments together. 

The guide wire is then driven into the proximal fragment for 
the required distance. (The length of guide necessary may be 


measured from the X-ray picture of the normal hip, 
taking into account the distortion which is always 
present in X-ray films.) It is important that the 
articular cartilage of the head should not be pierced. 
At this stage many operators prefer to have the 
position of the guide wire checked by antero- 
posterior and lateral skiagrams. If this is done, 
great care must be taken not to introduce sepsis 
into the wound. The film casctte must be wrapped 
in sterile towels and the wound itself adequately 
covered. 

Having decided, by visual or radiological 
control, that the fracture is perfectly reduced and 
tlie guide inserted correctly, the nail is now 
threaded over the guide and hammered home with 
the special hollow punch. Care must be taken that 
the guide is not driven into the acetabulum during 
this process. 

The guide is removed and a further film taken. 
If the position of the nail is unsatisfactory it must be 
extracted with the special extractor and rc*inscrtcd. 
Accuracy of reduction and firm fixation does away 
with the necessity of impaction by a hammer. 

The wound is closed, and it may be advisable to 
drain it for twenty-four hours, as the large ha»natonu 
which sometimes forms is liable to become infected. 
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It is then easv to decide what length of nail will he required, and errors 

due to distortion are avoided. 

(d) Incisions : (i) Smith-Petersen (see fig- 2344 b) ; or (ii) Lateral 
approach (fig. 2403). 

Occasionally the large flap turned down in the Smith-Petersen 



incision may slough. A lateral approach is advocated to avoid this 
danger (Watson Jones). 

If the Smith-Petersen approach is employed, the rectus femoris and 
tensor fascia; femoris are retracted outwards, and the capsule of the 
joint is divided in a longitudinal direction. 

If the lateral approach is used, the tensor fascia; femoris is pulled 
forwards and the gluteus rnedius partially detached from its insertion 
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into the great trochanter and retracted backwards. The capsule is 
inched along theintertroehantenc line as well as longitudinal] v, and the 
triangular opening thus made gives a good view of the neck. 
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Care should be taken of the exposed muscles by repeated applica- 
tions of hot cloths. 

(e) The leg is now rolled out, thus exposing the fractured surfaces. 

A guide wire is inserted in the centre of the femoral shaft, |-§ inch 
below the base of the great trochanter, and drilled into the bone with 
an ordinary Kirschner wire drill. (If a rigid pin is used as guide an 
“ awl ” handle may be employed.) The guide is made to appear in the 
centre of the fractured surface of the neck. 

(/) Reduction is now obtained by traction on the leg in the direct 
line of the body. No abduction should be used at this stage, but slight 
flexion and internal rotation may help in accurate reduction. Accuracy 
of reduction is controlled by direct vision, when complete abduction 
will *■ lock ” the fragments together. 

The guide wire is then driven into the proximal fragment for 
the required distance. (The length of guide necessary may be 
measured from the X-ray picture of the normal hip, 
taking into account the distortion which is always 
present in X-ray films.) It is important that the 
articular cartilage of the head should not be pierced. 

At this stage many operators prefer to have the 
position of the guide wire checked by antero- 
posterior and lateral skiagrams. If this is done, 
great care must be taken not to introduce sepsis 
into the wound. The film casette must be wrapped 
in sterile towels and the wound itself adequately 
covered. 

Having decided, by visual or radiological 
control, that the fracture is perfectly reduced and 
the guide inserted correctly, the nail is now 
threaded over the guide and hammered home with 
the special hollow punch. Care must be taken that 
the guide is not driven into the acetabulum during 
this process. 

The guide is removed and a further film taken. 

If the position of the nail is unsatisfactory it must be 
extracted with the special extractor and re-inserted. 

Accuracy of reduction and firm fixation does away 
with the necessity of impaction by a hammer. 

The wound is closed, and it may be advisable to 
drain it for twenty-four hours, as the large luematoma ** 
which sometimes forms is liable to become infected. 
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Conn non Mistake in the Oj.ru Operation (fig. 2407). 

(а) Incomplete reduction before inserting guide into head. 

( б ) Neglect to take lateral as well as antero- posterior views at each 
stage of the operation. 

(c) Guide placed excentric-ally. The nail then engages with the 
side of the head and tilts it. so that a firm hold is not obtained. 

(d) Pin too short ; head not held firmly. 

(e) Pin too long; acetabulum pierced or damage done to pelvic 

organs. c 


(/) Guide driven in when the nail is hammered home. Use of 
special hollow punch should prevent this. 

( 5 ) Sepsis introduced into the wound. 

These mistakes can only be avoided by experience and bv strict 
attention to detail at each stage of the operation. 


(“) ^‘e * Blind Operation (Sren Johansson). 

The advantages of this method are that no exposure of the femoral 
neck 13 necessary and the hip joint is not opened, the guide and nail 
being inserted through a small incision below the great trochanter. 

Possibly there is less shock than by the open method and therefore 
he scope of the operation may be somewhat increased. On the other 
Land, the technique is difficult and tedious ; X-rav apparatus must be 
available ,,, the theatre, and the operator must wait while films ate 
la - e ' e °ped- Several sets may be necessary, and the operating 
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time is thus much increased. If two distinct sets of X-ray apparatus 
are available, some time can be saved in the taking of the antero- 
posterior and lateral views. 

Technique. The patient is anaesthetised and placed upon an ortho- 
pedic table fitted with perineal post and traction apparatus for the 
feet. Traction is applied with the feet about 12 inches apart and the 
legs rolled slightly inwards. 

The direction of the neck of the femur is estimated in the following 
manner : 

A point 1 cm. below the middle of Poupart’s ligament is marked on 
the skin by a small piece of lead. This marks the highest point of the 
head of the femur. Another point is marked by lead about 8 cms. below 
the tip of the trochanter. The line joining these two marks indicates 
the direction of the femoral neck. Antero-posterior and lateral 
skiagrams are now taken and the accuracy of reduction and position 
of the neck, relative to the lead marks, is checked. If correct, a small 
incision is made at the base of the trochanter and a Kirscktier wire 
drilled into the neck, using the lead marks as a guide. It is best to 
insert three wires in all, the second and third being above and below 
the first, but in the same horizontal plane. The length of wire to be 
inserted must be carefully checked beforehand, by measurement 
from the normal femur in the manner described under the “ open " 
method. 

Another set of X-ray pictures is taken, and the position of the wires 
observed, in both the antero-posteriorand the lateral views. A correctly- 
placed wire should be exactly in the centre of the neck and head, both 
in the vertical and in the horizontal planes. (Should none be in a 
sufficiently good position, the wires must be extracted and re-inserted.) 

The wire in the best position is left in situ and the others are with- 
drawn. 

A Smith-Petcrscn nail, of the requisite length, is now threaded over 
tho guide and hammered home with the hollow punch, care being taken 
not to drive the guide in with it. The guide is withdrawn, traction is 
released, and the neck is gently impacted into the head with the 
impactor. The function of impaction is to close the gap between the 
fragments, and it should not be too vigorously employed. The nail is 
driven home once more and the small incision sutured. 

Finally, a third set of X-ray films is taken to check the position of 
tlie fracture and nail. Should either prove to be unsatisfactory, the 
nail must be withdrawn with the extractor and the whole operation 
repeated. (Withdrawal of the fully inserted nail is often extremely 
vol. m. — 2 a 
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difficult, and may result in considerable splintering of the bone of the 

great trochanter.) 

Common Mistakes in the “ Blind ” Operation are : 

(а) Neglect to check accurate reduction of the fracture by antero- 
posterior and lateral X-ray photographs before attempting to insert the 
guide wires. 

(б) Attempts to complete reduction of the fracture after the guide 
is inserted, resulting in bending or breaking of the guide. 

(c) Placing the nail eccentrically. The head is not gripped properly 
and tilting of the head on the neck will result (fig. 240S). 

{(I) Perforation of the acetabulum by guide or nail. (The pelvis is 
sometimes entered. This can only be avoided by careful measure- 
ments beforehand, and by constant X-ray checks during the operation.) 
If the nail is found to have perforated the articular cartilage, it must 
be withdrawn slightly. 

After-Treatment. After reduction and fixation by either method, the patient is 
returned to bed without any form of external splintage. Knee movements should 
be encouraged from the day after the operation, and gentle hip movements a few 
days later. 

It is difficult to lay down a definite curriculum which will cover every case, and 
modifications may be introduced if subsequent X-ray examination shows that 
ossification is well advanced As a general rule, however, it Is wise to keep the 
patient in bed for 10-12 weeks, during which time active exercises and massage are 
given daily. At the end of this period, a weight-bearing caliper is fitted, and walk- 
ing may be started The caliper should be worn for 3-G months. It must be 
admitted that this routine errs on the side of caution, and that many surgeons 
permit weight-bearing much earlier, with or without the protection of a short 
plaster spica. 

Some Late Com plications. 

(а) Rarefying osteitis around the nail. 

(б) The nail may become loose and will usually tend to work out 
but may pass upwards. The head may be felt beneath the s kin. In 
this case, the nail should be removed as soon as the fracture is firmly 
united. 

(c) Fracture of the nail, due to too early weight-bearing. 

(d) Late arthritic changes in the joint. 

Treatment of Sub-capital Fractures by Methods other than Operation . 

Although operative fixation is the treatment of choice in adduction 
fractures of the femoral neck, and is also advocated in certain selected 
cases of basal fracture, there still remain a number of cases in which, 
owing to age, pre-existing disease, or other reasons, operative treatment 
cannot be carried out. 
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For these cases, two methods are applicable : 

(1) Plaster-of-Paris Spica. 

Suitable cases : 

(а) Sub-capital Fractures'. 

(i) Some cases of adduction fractures unsuitable for operation. 

(ii) Abduction fractures. 

(б) Basal Fractures. 

(c) Per-trochanleric fractures icith no displacement. 

" H7.i/wum‘s Abduction Treatment ''for (a) and (6). 

Until the Smith-Petersen operation became fashionable this was the 
standard method of dealing with fractures in the region of the hip 
joint. It is claimed that bony union is obtained in about G6 per cent 
of cases of all ages. 

The method, though usually considered in relation to cervical 
fractures, is also applicable to basal fractures. 

The principles are simple: (i) Reduction of deformity by manual 
traction, (ii) Locking of the fragments by full abduction and internal 
rotation of the leg. (This is brought about partly by the tension of the 
anterior part of the capsule, and partly by leverage of the femoral 
neck against the upper Up of the acetabulum.) (iii) Fixation of the leg 
in the position of abduction and internal rotation by means of a plaster 
spica. 

Details. The patient is ana&thetised on an orthopaedic table. 
Stockinette is appUed smoothly to cover the whole of the injured leg 
and the body as high as the axillae, the skin being previously powdered. 
Each leg is held by an assistant and equal traction is appUed, the 
patelhe being rolled inwards. The surgeon applies pressure over the 
region of the trochanter. Both legs are then abducted as fully as 
jxfcsible. care being taken that the pelvis is maintained square with the 
body. 

Accuracy of reduction may be checked by measurements, or by 
X ray examination. 

Sheet wadding is appUed. paying special attention to the padding 
of bony prominences, such as the sacrum, trochanter, spinous processes, 
anterior spines, and malleoli. It is better to use felt over these promin- 
ences if the patient is thin. Plaster bandages are used to construct a 
spica. which must extend from the axilla on the non-afiected side, 
including the pelvis and the whole of the afiected limb. The knee is 
flexed to about 30 degrees. 

A well-applied spica should fulfil the following conditions : 
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(i) Affected limb : Full abduction. 

Full extension. 

Slight internal rotation, maintained by flexion 
of the knee. 

Foot at right angles. 

(ii) Sound limb : Free. Full flexion should be permitted. 

AJier-Treatment. 

(1) Skiagrams to check position of fragments. 

(ii) Prevention of sores by nursing patient part-time on back, then on face, 
and then on sides. 

(Hi) Raising head of bed to avoid congestion. 

Duration. A period of three months in the spica will be required 
for a cervical fracture, and rather less for a basal fracture. Following 
this, a month in bed, during which time massage and exercises are 
given, and finally a period of ambulatory treatment for a further two 
or three months, during which time a weight-bearing caliper is worn. 

Difficulties of abduction methods. The construction of a plaster spica 
which will stand up to the strain and stress of three months’ nursing 
is no mean undertaking. Some 20-30 bandages (6-8 inches wide) 
are necessary. Sores are apt to develop, in spite of every care. The 
nursing of such a case is heavy, and lifting will require at least four 
helpers. 

When plaster is employed for a sub-capital abduction fracture, a 
short plaster spica with the leg in “ adduction ” is made, walking being 
allowed from an early date. 

(2) Simple Traction. 

The methods of treatment already described arc unsuitable for the 
aged or infirm. Nevertheless, a definite line of treatment should be 
instituted, although the hope of obtaining a firm union by bone is 
remote, and the best that can be hoped for is a fibrous ankylosis. 

The practice of putting the patient to bed with the legs “ between 
sand-bags” is to be condemned. Fixation of the leg in this way 
merely ensures that whenever the body is moved, movement inevitably 
takes place at the fracture line, causing considerable pain and discom- 
fort. These patients should be “ put up ” on a simple weight extension 
applied either by adhesive strapping, or, better, by a Kirschner wire 
inserted through the crest of the tibia. Rotation can be controlled in 
this way. Counter-extension is made by raising the foot of the bed. 

The leg is allowed to lie on a Thomas splint, bent at the knee, or on 
a Uraun frame. The foot must be kept at right angles. A weight of 
10-15 lb. will be sufficient. The weight extension is continued for about 
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three weeks, but a skiagram should be taken after a few days, to 
check the correctness of the weight. Should this be too small, coxa 
vara will persist- or if too large, coxa valga may result. The patient 
is then provided with a walking caliper and allowed to get about, at 
first with crutches, and later with the aid of sticks. The caliper will 
probably need to be worn permanently. 

Banjl Fracture 

This type of fracture is usually impacted, and therefore little 
displacement is the rule. Bony union is to be expected. 

Two methods of treatment may be adopted : (I) Fixation in a plaster- 
cast, on the lines of the Whitman method already described ; or (-2) 
Treatment on a Thomas or Braun splint by moderate traction, even if 
the fracture is impacted. Recumbency for about twelve weeks will be 
required and a walking caliper is advisable for six months afterwards. 

Per-trocha nteric Fracture 

This type is often accompanied by shortening and coxa vara. The 
lesser trochanter may be separated from the shaft. The mechanism, 
according to statistics of 207 cases (Stebhing), is that the body weight 
is suddenly thrown on to the femur when the leg is in adduction. Direct 
blows on the trochanter are rarely causative. This view is contrary to 
the usual teaching and is not supported by experiments upon the 
cadaver. 

The treatment consists of continuous weight extension for a period 
of 12-14 weeks. Maintenance of internal rotation and abduction are 
of importance and a walking caliper should be used subsequently. 

(Details of weight extension and the prevention of stillness of the 
knee are considered under Fractures of the Shaft of the Femur. See 
page 4481.) 

Trealmerd of A on-union in Fractures of the Femoral Head 

Given a case of un-umted fracture of the neck of the femur, the 
question arises. Should anything be done, and if so, what 1 

The answer to the first part of the question can only be found by 
study of the individual case. Age, condition, amount of disability, 
and presence of pain must all be considered. X-ray pictures must be 
taken to determine the degree of deformity and the condition of the 
femoral head. If the bone density of the head is similar to that of the 
shaft, it may be assumed that the head is still living. If the head is 
deme, it is probably avascular and dead. In the presence of an avascular 
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or an absorbed “ bead,” operative fixation of the fracture by nailing is 
obviously useless, and consideration may be given to some form of 
reconstructive procedure. 

Successful reduction and fixation of an un-united fracture has been 
seen by the author in a middle-aged man, a year after the original 
injury. 

The following methods of treatment are available : 

(1) Fixation of the Fracture (femoral head alive). 

(а) Skeletal traction in an endeavour to overcome coxa vara. 

If successful, (6) Fixation of fracture by Smith-Petersen nail. 

(i) Open operation in order to freshen bone- ends. 

(ii) By “blind” method. 

(c) Fixation by bone graft. 

(2} Osteotomy (Sub-trochanteric). 

(o) Simple — in order to restore the normal relationship between the 
shaft and neck of the bone. 

(б) Bifurcation operation. An oblique osteotomy is made through 
a 5-inch incision over and below the great trochanter. The shaft is 
displaced inwards so that it lies partly under the head and partly under 
the lower border of the acetabulum. This is controlled by direct 
vision. Fixation is effected by a plaster spica for 3~4 months. Bony 
union should occur between the shaft, head and trochanteric region. 

The latter is the method of choice, as iu a simple osteotomy the 
fibrous union at the site of fracture persists. 

(3) Reconstruction operation (c.g. Whitman’s). 

(4) Arthrodesis of the hip joint. (This is difficult and liable to 
failure.) 

Separation of the Upper Epiphysis of the Femur 

Fractures in the region of the femoral neck arc uncommon in 
children and adolescents, but when they occur the epiphysial line is 
often involved. Treatment should be on conservative lines either by 
continuous traction or by reduction and fixation in a plaster spica. 

Of different {etiology is the “ so-called ” “ slipped epiphysis ” of 
the upper end of the femur. 

The condition occurs in adolescents between the ages of 10-15, 
i.c. before union of the epiphysis with the neck, which occurs about the 
18-20th year. The patient is often of the fat, heavy type, with under- 
developed genitalia, suggestive of pituitary insufficiency. Enlargement 
of the sella turcica, as seen in a lateral X-ray picture of the skull, has 
been recorded. 
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The history is usually one of slight injury, such as a fall or twist of 
the leg whilst running. The child may get up and continue to walk or 
lim p about subsequently. In some cases the condition is not dis- 
coyered for some days, until there is pain, or a limp is noticed by the 
parents. On examination, there is adduction and external rotation of 
the affected limb, raising of the trochanter, and short en i ng of J-inch to 
1-inch. Movements are full except for abduction and internal rotation, 
which may be greatly limited. A skiagram is essen tial for accurate 
diag nosis. The lower lip of the epiphysis will be seen projecting below 
the lower border of the neck, the deformity being s imi la r to that of an 
(adduction) sub-capital fracture in an adult. A notable feature is the 
absence of any bony spicule broken from the diaphysis. which is 
constantly present in slipped epiphyses in other situations (e.g. lower 
end of radius). 

Should the case be of long standing, the displaced epiphysis will 
have fused with the femoral neck, the result being one form of 
adolescent coxa vara. 

Treatment. This may be considered under three headings : 

(1) Within three or four u cels of the injury. 

(а) Reduction of the deformity under amesthesia by manual 
traction, followed by abduction and fixation in a plaster spica ; or 

(б) Reduction by continuous traction, exerted over a period of 
three months, until union is firm. The traction is combined with a 
gradual increase in abduction and internal rotation. 

As the epiphysis is firmly engaged with the femoral neck, forcible 
traction may do no more than rotate the epiphysis in the acetabulum. 

The method of reduction by continuous and gradual traction is 
much to be preferred. 

When complete it may be continued until union is firm, or fixation 
may be effected by a plaster spica. 

(2) After four t recks reduction will probably be impossible except by 
open operation, and fixation of the epiphysis by means of a bone peg 
or graft. 

After-Treatment. Relief from weight-bearing by means of a caliper should be 
insisted upon for from 3-0 months after the initial period. 

(3) late ca.i€S, where union has occurred. Sub-trochanteric osteo- 
tomy should be performed in order to correct the coxa vara. Some 
shortening will be permanent. Limitation of movement at the hip joint 
is usual 

Prognosis. In early cases, when redaction and fixation has been 
satisfactory, the femoral head and neck may be expected to shape 
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normally. When reduction has been moderate, good function is to be 
expected for some years, but osteo-arthritis will develop subsequently. 
Open reduction is usually followed by a completely or partially ankylosed 
joint. 

When reduction has been carried out by forcible manipulation aud 
in some cases of non-reduction, the head will undergo the changes 
associated with deficient blood supply, and a stiff joint and early fusion 
of the head and neck will occur. 

When reduction is imperfect, the epiphysis will often fuse with the 
shaft during the first year after the accident. 

In unreduced cases , coxa vara will develop, and in later life osteo- 
arthritis is inevitable. 

Early fusion of the epiphysis will result in shortening of the limb. 

Shaft of the Femur 

This group includes : 

(1) Sub-trochanteric fractures. 

(2) Fractures of the shaft proper. 

The majority of cases occur in young adults aud children. The 
type of fracture in adults may be cither transverse or oblique, a 
common variation being the “ butterfly ” fracture, in which a triangular 
loose fragment becomes detached from the shaft. In children it is nearly 
always a long oblique or spiral fracture. Owing to the tliick covering 
of muscles with which the bone is provided, open fracture is rare, but 
when it does occur, the consequences are likely to be serious owing to 
difficulty in maintaining accurate alignment during the longer period 
of union, which may result from : («) Infection of the large hsematoma 
and lacerated muscles ; (6) osteo-myelitis and necrosis of bone : 

(c) delay in union, or non-union ; or (d) stiffness of knee and ankle. 

These fractures arc usually accompanied by considerable shock. 

Fracture of the Upper Third 

The upper fragment is flexed by the ilio-psoas, and abducted and 
externally rotated by the gluteus medius, obturator internus and allied 
muscles. Control of the upper fragment is not possible, except by open 
operation, and it is necessary to remember that alignment must be 
obtained by bringing the lower fragment into a corresponding position. 

Fracture of the Middle and Loiccr Thirds 

Here, apart from the common factor of {shortening or overlap, the 
adductor group is of importance ' . Jly the adductor maguus). 
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The upper fragment tends to lie on the inner side of the lower fragment 
and often at an angle with it, the angle being open outwards (i.e. valgus). 

Gravity is of considerable importance. Backward angulation of the 
fracture due to this cause is of frequent occurrence, both in the early 
and in the later stages of treatment. 

Diagnosis is usually easy. The severe pain and shock, marked 
swelling, mobility, shortening and external rotation of the foot cannot 
be missed. The only cases likely to present difficulty in diagnosis are 
those of partial fractures in children, with a minimum of deformity, 
and these are rare. 

X-ray examination before reduction of the fracture is desirable, but 
not always necessary, and may be omitted if not readily accessible. It 
should never be omitted after reduction, and in the majority of cases 
a portable apparatus is essential, because the patient and extension 
appliances cannot be moved into the X-ray room. 

Treatment. 

First Aid. Shock should be prevented as far as possible by keeping 
the patient warm. Ambulance attendants and others should be 
instructed that on no account must the patient be moved or lifted until 
a splint, possibly improvised, has been applied. The temporary splint 
of choice is a Thomas’ provided with a large ring which can be slipped 
over the clothing. Fixed extension is easy to obtain by means of a 
clove-hitch over the boot, or a skewer thrust between the sole of the 
patient’s foot and that of the boot. The extension is tied firmly to the 
end of the splint, the ring making counter-extension on the tuber 
ischii. The use of a Liston splint, so often applied as a first-aid 
measure, is bad. It is “ better than nothing,” but does not allow the 
application of extension which is so essential in the transport of these 
cases. The Thomas splint is easier to apply and far more effective. On 
arrival at hospital, the patient’s general condition must be noted and 
treatment of shock, if necessary, should be carried out before the 
first-aid fixation is removed. A blanket bath or other exposure is 
to be avoided, as it is essential to keep the patient wann. 

Reduction . Accurate reduction of a fractured femur can only be 
carried out by traction, which may be either : 

(1) Rapid, (a) Manual ; (6) Mechanical (screw-traction apparatus). 

(2) Continuously applied by means of a Height through : (a) Adhesive 
strapping ; (6) Skeletal traction appliances. 

Manual traction is only applicable to children or adults with 
poor muscular development. When the method is to be used, it is 
best to apply the means of fixation of the fracture (i.e. adhesive strap- 
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ping) to the leg before traction is made. It is difficult otherwise to 
maintain traction and apply the strapping at the same time. When the 
traction has overcome all overlap, as checked by an assistant with a 
tape measure, a well-fitting Thomas splint is slipped on and the adhesive 
plaster tied firmly to the end of the splint. This method of fixed 
extension will maintain the degree of reduction already obtained, but 
in the event of incomplete reduction, no improvement in position will 
take place. 

Should reduction be found to be incomplete, either by measurement 
or X-ray examination, some other method must be adopted. 

Fixed extension is more suitable for children over the age of four, in 
whom it is usually easy to obtain complete reduction at the first 
attempt. 

Screw traction should not be used for treatment of fractures of 
the femur, as a general rule. Its chief application is to the tibia, but 
in certain cases which are to be treated in plaster-of-Paris, the use of 
screw traction may be indicated. 

Adhesive strapping : The chief applications for this method are in : 

(i) Children ; (ii) Poorly-developed adults ; and (iii) The later stages 
of treatment after the removal of skeletal traction. 

Its usefulness is limited by : (i) The breaking strain of the material ; 

(ii) Its adhesive power to the skin ; and (iii) The amount of pull that 
may be applied to the skin without the development of sores. 

In general, it may be said that 10 lb. is the limit of weight which 
can be used in conjunction with strapping, and as this weight is 
insufficient to reduce overlap of a fractured femur in a well-developed 
adult, the method of traction by adhesive strapping is a limited one. 

The best type of strapping is clastobaiul — extension bandage (Smith 
and Xephcw). This material is not expansile in the length of the 
strapping, but will stretch in width and therefore fits the limb. 

Skeletal traction. The advantages, method, and sites of application 
have been considered in a previous section (see page 4393). 

The Stcinmann pin is recommended. If traction is to be made from 
the lower end of the femur, the pin should be used in preference to the 
wire as it is difficult to control the direction of a wire, owing to “ whip ” 
in the portion passing through soft tissue. 

Site for traction (see fig. 2371). 

The upper end of the tibia is usually advised, because it is: 

(i) Accessible ; (ii) Remote from the knee joint ; anti (iii) Remote 
from the lucmatoma surrounding the fracture. 

Common sense must be used in the choice of site, but a pin inserted 
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through the lower end of the femoral shaft has the following obvious 
advantages : (i) A direct and better control of the lower fragment of 
femur is obtained. More powerful traction is possible, (ii) The traction 
is not applied through the ligaments of the knee joint, so that the risk of 
an unstable knee is avoided, (iii) The knee is left free for movement 
from the first. In spite of assertions to the contrary, the knee joint is 
not easily moved when the pin is placed in the tibia, (iv) Damage to the 
knee joint is inexcusable. It may be avoided by placing the pin in 
the lower third of the shaft and not immediately above the condyles, 
(v) Damage to the femoral artery is unlikely to occur if ordinary care 
13 taken. 

Direct contra-indications are : (i) Fracture in lower third (pin 
through site of haematoma) ; and (ii) Local sepsis or potential sepsis 
(i.e. an open fracture). 

Ancesthesia. Deep general anaesthesia is required during the stages 
of insertion of the pin, manual traction, and adjustment of the splint. 
It is of great advantage to apply manual traction even if skeletal 
traction is to be used subsequently, as a large amount of overlap may 
be reduced when the muscles are completely relaxed. In Continental 
clinics, local anesthesia is the routine method, but it seems better to 
reserve it for special cases in which the administration of a general 
anesthetic is inadvisable. 

Treatment of Fractures of the Femoral Shaft at different Ages 
(1) Birth injuries to the femur are unusual, but may result from 
traction applied to the groin or leg during a breech delivery'. The best 
method of fixation is to flex the thigh acutely on the abdomen and to 
maintain contact by means of a few turns of flannel bandage. Added 
support may* be obtained, if required, by a moulded splint of metal or 
plaster, applied to the. flexor aspect of the thigh and baudaged into 
position against the abdominal wall. Traction is not required. Fixa- 
tion must be maintained until firm union is found upon clinical examina- 
tion, usually a matter of 3-t weeks. This method enables the baby to 
be suckled and his excreta to be attended to with little difficulty. 

(2) Children under five years of age. The fracture Is almost always 
oblique. The best method of traction is that of Bryant. Adhesive 
strapping is applied to both legs from groin to ankle. The child is 
treated on his back, with the lower limbs flexed to a right an*le with the 
trunk; A Balkan beam or other bed frame is fitted to the cot and a 
cord from the injured leg passed over a pulley on the beam ; sufficient 
weight is attached so that the child’s buttocks are just clear of the 
mattress. The weight of the child’s body acting through the site of 
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fracture is sufficient to bring about reduction. For the purposes of 
nursing it is convenient to tie the other leg loosely to the beam. Pro- 
vided the knee of the sound leg can be flexed slightly, no interference 
with traction will result. The addition of back splints and foot-pieces 
to the fractured limbs helps the stability of the apparatus. 

After fQur weeks, union will usually be firm enough to dispense with 
traction. The child should be kept in bed for another four weeks 
before weight-bearing is allowed, and it is usually advisable to apply a 
light plaster-cast during this period, for the sake of protection to the 
soft callus. 

(3) Children over Jive years of age. These cases arc best treated by 
“fixed extension ” applied by means of adhesive strapping and using a 
Thomas splint of suitable size. The strapping should be applied 
down each side of the leg, extending from groin to ankle, pro- 
vision need be made for knee movements, as full movement will 
always be obtained at this age, provided accurate alignment has been 
secured. AH overlap can be overcome by manual traction at the time 
of application of the splint, hut should any persist, it is easy to tie a 
cord to the end of the splint and to apply a weight of 5 to 10 lb. This 
method of combined fixed extension and weight extension is perfectly 
rational. The “ fixed ” portion prevents any recurrence of overlap and 
tlie weight is used to overcome any that is not already reduced. All 
that is necessary is to take up any “ slack ” in the strapping (i.c. see 
that the ring of the splint is against the tuber ischii) by daily adjust- 
ments. 

An added advantage is that the application of a small weight 
relieves the pressure of the splint ring against the skin of the buttock 
and so prevents chafing. 

Note. With all extension apparatus a daily inspection is required. Spirit 
and powder should be “ worked in ’’ within the ring and at all pressure points, 
and caro taken to sec that the bandage slings on the splint are at the correct 
tension to prevent angulation. Special attention to the regions of the tuber 
ischii over the tendo Achillis and heel is advisable. 

In from five to six weeks the splint may he removed or, alternatively, after 
three Meeks, when the union is moderately firm, the leg may bo put into a plaster- 
cast, including the pelvis and the foot. 

In nearly every case this simple procedure can bo carried out icUhout an 
ana»thetic. The method is convenient as the child, once in plaster, can be sent 
home. 

Weight-bearing should not be allowed for eight or nine weeks as a minimum. 

(4) Adolescents and adults. In the majority of the*o coses, skeletal 
traction should bo used as a routine (bee fig. -411). Counter- true lion is 
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made by raising the foot of the bod 12 to 18 inches. A muscular patient 
will require a weight of 15 to 20 lb. at the outset, and during tile first 
week X-ray checks should be taken on alternate days. Tile weight can 
be adjusted according to the X-ray findings. Over-cXension must bo 
avoided. At the end of a week, all overlap should be overcome anil the 



optimum weight for maintenance of the fracture in good position 
should have been found. 

The most useful splint is the Thomas. It should be provided with a 
hinged knee-piece, as shown in the illustration (fig. 2412). An adhesive 
strapping extension should be applied to the lower leg, and a small 
weight (5 lb.) added in the manner shown in the illustration. In 
either case, the knee should be slightly flexed so that the leg and foot 
are clear of the extension cord, which is in the line of the femoral shaft. 

Having applied traction, the next step is to adjust the slings so 
that the normal forward bow of the femur is restored. The slings 
should be fastened with large safety-pins ; the “ paper clips *’ so often 
used are liable to slip gradually, thus allowing angulation to recur. The 
thigh and leg may be covered with flannel for warmth, and a “ tea 
cosy ” forms a suitable covering for the foot. All coverings must be 
readily removable for daily inspection. 

Fiually, provision must be made against fool drop. The best method 
is to attach a cord to the sole of the foot by a strip of adhesive plaster, 
and to pass the cord over a pulley. A small weight (1 lb.) pulls the foot 
up to a right auglc and at the same time allows the patient to exercise 
the ankle. 

Counterpoise. If a Thomas splint is used, the splint and leg 
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fig. 2412 .— Tins diagram lucirum method or srruiso tbactiqji rom numtio «n*rr or run o* a 

nucitu BED. 

Note tnrlun pin m crc»t of tiU*. »nglt« to ojuntflUUme •{■lint And limb, hinged Lik* Jitter of Tbomi« 
■j lint, nul support to Lttp foot »t right Angle. Foot of 1ml nunl on blot Li, Dindid m*ttrtM is r <npt»}*d. 

should be slung dear of the bed by means of a system of counterpoise 
weights. Two cords and weights are needed. One passes from the 
splint ring over pulleys to the head of the bed. About 5 lb, weight should 
be attached. This is enough to counterbalance the upper end of the 
splint when the patient is lifted for the purposes of nursing. The other 
cord is attaciied to the lower end of the splint and will need more 
weight (10 lb.) to balance the weight of splint and leg, so that it is kept 
clear of the bed. On no account should the splint be tied directly to 
the bed-rail. 

Knee movements. Lateral movement of the patella is carried out 
from the commencement. 

After four weeks, if union is progressing well, passive knee move- 
ments may be started- A “string and pulley” arrangement which 
enables the patient to do this himself is valuable. 

Fa radio stimulation of the quad rice jxs is a valuable adjunct until the 
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patient can learn to contract the muscle actively. This should be done 
for ten-minute periods, several times a day. The services of a masseur 
are necessary at this stage. The progress of union and position should 
be checked each fortnight by X-ray examination. 

Removal of pin or wire. In the majority of cases, it is quite safe to 
leave the pin t'u silu for G-8 weeks. If inspection of the site of the pin 
shows clean wounds, there is no reason why the pin should not remain 
in the limb longer. When the skin is removed, skeletal traction should 
be replaced by an adhesive strapping extension. Two sets should be 
applied, one set exerting traction in the line of the femur, the other in 
the line of the tibia— this may be applied when the primary setting is 
done— being fixed to the movable portion of the splint , and thus allowing 
knee movements to be continued. The strapping extension should be 
applied before skeletal traction is removed. Should suppuration appear 
at the site of the pin, it must be removed forthwith. 

Usually at the end of 10-12 weeks traction may be relaxed 
and the splint removed. Some delay in union is common and the 
decision to remove apparatus must be made upon clinical and X-ray 
findings. 

After-Treatment. Faradisni and active exercises designed to strengthen the 
muscles and to increase the range of knee-flexion must be continued. A weight- 
bearing caliper must always be provided, and no weight-bearing should be allowed 
for at least another six months 

Difficulties in treatment. 

(1) The surgeon is often asked to see “ late ” cases, which have been 
inadequately treated during the “ all important ” first week. Pro- 
longed skeletal traction or open operation may be required to obtain a 
satisfactory result. 

(2) Correction of lateral displacement is sometimes difficult. The use 
of sorbo-rubber pads, attached to a small clamp and screw which can 
be fixed to the bar of the Thomas splint, will usually overcome this 
difficulty. Lateral pressure can be applied by this means at the 
appropriate site. Lateral displacement seldom leads to such disability 
as follows unreduced antero-posterior displacement. 

(3) Angulation is easy to correct by pads or by adjustment of the 
slings when there is no overlap. 

(4) In cases of delayed union, the temptation to relax traction must 
be resisted. Traction must be continued until union is firm. 

Delayed union may be brought about by excessive ardour on tbe 
part of the masseur or patient, or by over-extension. If sufficient rest 
and time be given, union will usually occur. 
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Late Complication. 

(1) Shortening of more than J-inch should be regarded as a bad result, 

(2) Stiff Knee , due to : 

(a) Prolonged fixation ; or (6) Excessive callus formation in 
fractures of the lower third of the shaft. The quadriceps become 
adherent to the bone. Excessive callus means union in a bad position, 
and the complication will not occur in a well-aligned fracture. 

(3) Angulation. This is due to inefficient treatment or to weight- 
bearing before the callus is consolidated. A badly-fitted caliper will 
allow it to occur. 

(4) Arthritis in knee and hip may occur as a result of matunion ; 
abnormal and excessive strain is thrown upon these joints. 

Indications for Operations. 

(1) Early. It is difficult to make out a good case for early operation 
in fractures of the femoral shaft, in view of the excellent results obtain- 
able by skeletal traction. The risks of sepsis, delayed union due to in- 
ternal fixation by foreign bodies, and the technical difficulties, are great. 

Provided asepsis can be assured, however, operative fixation should 
still have a place for those cases in which skeletal traction has failed to 
obtain good alignment after ten days. Exposure of the shaft is made 
through an antcro-latcral incision between the vastus externus and 
rectus muscles. Only the cnireus need bo incised. Plating is the best 
method of fixation, and a stout plate provided with eight screw holes 
should be used. 

(2) Ijalc. Cases of non-union or malunion may require open 
operation, Rone-grafting with or without additional fixation will 
probably be needed. 

Treatment in Plaster-Cast. 

Apart fiom children, the method has a very limited application 
owing to the impossibility of maintaining traction and to the prolonged 
fixation of joints which is inevitable. The method should be used for 
adults only in those few cases which are uncontrollable by other means. 
Mental derangement, lunacy, or when prolonged recumbency is 
undesirable, may bo cited as examples. The cast must be applied 
while the femur is under traction on an orthopaedic table, ami should 
include the pelvis and the whole of the injured leg. 

S u praeondyla r Fractu re 

It is iiiqmrtaut to realise that the lower fragment will be tilted 
6<icAir<in/s by the pull of the gastrocnemius. The sharp upper end of 
it may damage the popliteal vessels or nerves. Genu rccurvttuin will 
result if the deformity is not corrected. 
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so that the fractured surface of the epiphysis looks backwards (fig. 
2413). 

Treatment. This should be immediate manipulative replacement 
under general anaesthesia. Fixation may he in a plaster-cast with the 
knee flexed 20 degrees or, alternatively, the limb may be placed on a 
Thomas splint with extension. Should manipulation fail, skeletal 
traction must be made from the tibia. Knee movements may be 
started in four weeks, and a caliper should be worn subsequently. 

PATELLA 

The bone is fractured in two ways : 

(1) By muscular violence. (Common in middle age.) The fracture 
is always transverse, about the middle of the bone, but may be nearer 
the upper or lower pole. It may be a crack, but commonly there is 
wide separation of the fragments, due to the action of the quadriceps 
muscles. It is important to realise that the line of fracture invariably 
extends sideways into the lateral patellar ligaments, which are part 



fig 2414.— (a) Iuxstrates setaeation or Stella nunion mni is tirmmj or nil *ros«.«ow*. 

(t) FlBROCS CMOS JOINS TUI nUOMENTS IS AS LMIUTID CASE. 


of the extensor mechanism of the knee. The aponeurosis covering the 
bone is also torn, and the frayed edges curl in between the bone frag- 
ment (fig. 2414a), thus preventing bony apposition except by open 
operation. Fibrous union is certain to occur if the fragments are 
separated (fig. 24 l td). The result is an unstable knee joint. 

Rupture of the quadriceps tendon may take place instead of fracture 
of the patella (sec also Vol. II, page 3402). 

(2) By direct violence. This type occurs as a result of a direct blow 
on the patella. The fracture is stellate, and a minimum of displacement 
of the fragments is the rule. 

Diagnosis. (1) Transverse type. 

(a) History of having tripped, this being followed by pain. Tiic 
patient attributes the accident to his subsequent fall. (6) Inability to 
extend the knee joint. (<r) Great effusion into the joint, (d) A gap 
may be felt between the fragments; this may be masked later by 
blood clot and effusion, (c) X-ray examination. 

(2) Stellate type. 

The diagnosis is made upon the history of a direct blow, together 



4486 POST-GRADUATE SURGERY 

Treatment is by skeletal traction, and the knee must be well flexed. 
A Thomas splint is used, bent at the site of the fracture. A pad behind 
the site of fracture may help to push the lower fragment into alignment. 

Fracture of the Condyles 

One condyle may be fractured from the shaft when the knee joint 
is forced into a varus or valgus position. Tear of the opposite lateral 
ligament may occur. 

Both condvles may be fractured in falls upon the foot from a height. 
The upper end of the tibia is driven between the condyles like a wedge. 
The line of fracture is into the knee joint, and much effusion of blood 
into the joint will be present. 

Treatment. (1) Manipulation may be tried. It should consist of 
traction on the leg by an assistant, while the surgeon exerts pressure on 
the condyles with his hands. If successful, the joint is fixed in a plaster- 
cast, extending from buttock to foot. The knee should be straight. 

(2) More often, open operation will be required. A long lateral 
incision is made and the joint emptied of blood. The fragments are 
manipulated into position with bone levers, and fixed by bolts, screws 
or plates. Gentle knee movements may be started in 3-4 weeks. 

In either case after 6-8 weeks a weight-bearing caliper should be 
vr0Tn ‘ Separated Epiphysis 

Separation of the lower femoral epiphysis is an uncommon injury, 
but may occur before the epiphysis joins the shaft at about the 
twentieth year. The injury is one of hyperextension of the knee’joint 
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so that the fractured surface of the epiphysis looks backwards (fig. 
2413). 

Treatment. This should be immediate manipulative replacement 
under general anaesthesia. Fixation may be in a plaster-cast with the 
knee flexed 20 degrees or, alternatively, the limb may be placed on a 
Thomas splint with extension. Should manipulation fail, skeletal 
traction must be made from the tibia. Knee movements may be 
started in four weeks, and a caliper should be worn subsequently. 

PATELLA 

The bone is fractured in two ways : 

(1) By muscular violence. ( Common in middle age.) The fracture 
is always transverse, about the middle of the bone, but may be nearer 
the upper or lower pole. It may be a crack, but commonly there is 
wide separation of the fragments, due to the action of the quadriceps 
muscles. It is important to realise that the line of fracture invariably 
extends sideways into the lateral patellar ligaments, which arc part 

Tty 20 1. —(a) Illistrates 8Lpj.H_inaN or I'atiuj nuoMESTs with iv-rckuso or tui ArvsiviotJ*. 

(t) Fibiois nib* roi*» Tui riiUMtxn i* as niimio caa*. 

of the extensor mechanism of the knee. The aponeurosis covering the 
bone is also torn, and the frayed edges curl in between the bone frag- 
ment (fig. 2414a), thus preventing bony apposition except by open 
operation. Fibrous union is certain to occur if the fragments are 
separated (fig. 24} 4b). The result is an unstable knee joint. 

Rupture of the quadriceps tendon may take place instead of fracture 
of the patella (see also Vol. II, page 3462). 

(2) By direct violence. This type occurs as a result of a direct blow 
on the patella. The fracture is stellate, and a minimum of displacement 
of the fragments is the rule. 

Diagnosis. (1) Transverse type. 

(a) History of having tripped, this being followed by pain. The 
patient attributes the accident to his subsequent fall, (h) Inability to 
extend the knee joint, (c) Great effusion into the joint. (<0 A gap 
may be felt between the fragments ; this may be masked later by 
blood clot and effusion, (c) X-ray examination. 

(2) Stellate type. 

The diagnosis is nude upon the history of a direct blow, together 
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with local tenderness and effusion. In the skiagram a bipartite patella 
must not be confused with a stellate fracture. 

Treatment. 

(1) Transverse or stellate types, without displacement. A firm 
pressure-bandage is applied. The joint is immobilised in full extension 
on a posterior splint. It is best to mould a plaster slab to the limb, 
from the buttock to the ankle, but a wooden “ Ham splint ” forms a 
useful first-aid method of fixation. The limb is elevated upon a pillow. 
When swelling and pain have subsided, the patient may walk ; after 
three weeks the splint may be removed daily for active exercises to 
the knee, but no walking should be attempted without it under six 
weeks. 


(2) Transverse type with separation of fragments. The limb is 
elevated and a pressure-bandage and posterior splint are applied. The 
skin is carefully prepared for operation, which is usually undertaken 
four days after the injury. 

The patella is exposed by a horse-shoe incision, convexity upwards ; 
the incision should extend well laterally, so that adequate exposure 
of the lateral pateUar ligament is made. The fragments are cleared of 
blood clot and aponeurosis, and excess blood is gently squeezed out of 
the joint. The methods of fixation of the fragments available arc : 

(n) A number of catgut stitches are passed through the aponeurosis 
covering the two fragments of hone and are pulled tight to approximate 
the fragments. The tear in the lateral part of the capsule is closed by 
catgut sutures. No suture passes through the boue 

(b) Each fragment is drilled vertically or horizontally and a 
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“ mattress ” suture of stout catgut or kangaroo tendon is passed 
through the holes. When tightened, the fractured surfaces should be 
in close apposition. 

(c) A stitch is passed deep to the aponeurosis, and made to encircle 
the patella, like a purse-string. 

In each case care must be taken that the articular surfaces arc in 
accurate alignment. Careful suture of the layers of aponeurosis on 
cither side and in front of the patella is next made, and the skin 
incision is then closed. 

The first type of suture is suitable when the bone fits together easily 
and the aponeurosis is thick and takes the stitch well. The second type 
should be considered as the routine treatment. The stitch round the 
patella can be employed as an adjunct to either of the above methods 
or may be used alone. As a rule, it does not hold the transverse fracture 
well if employed alone. 

(3) SteUale fracture with spread of the fragments. The operation 
employed is exposure of the patella, clearance of ragged tags of 
aponeurosis and encircling of the patella with a purse-string suture of 
thick catgut. 

Afler-Trcatment. A firm baudage anil a posterior splint arc applied over the 
dressings and the limb is elevated. The stitches arc removed on the tenth day. 
The splint should be worn for six to eight weeks, and walking may be commenced 
after three weeks. Faradism to the quadriceps muscles is possible without re- 
moving the posterior splint. Active knee-joint movements are started in six weeks. 

Complications. 

(1) If silver wire is used as a suture material, sepsis and bone 
atrophy may necessitate its removal. 

(2) Re-fracture is not uncommon. The other patella sometimes 
fractures during the period of convalescence. 

(;i) Some arthritis and stiffness of the knee is likely, as most of the 
patients with this fracture arc middle-aged. 

TIBIA 

Fractures of the upper end of the tibia extending into the knee joint 
me of : 

(1) The tibial spine. 

(2) The condyles of the tibia. 

The Tibial Spine 

It is important to be aware of the existence of this injury, and to 
realise that the diagnosis is not difficult and that a definite line of treat- 
ment should be ad opt oil immediately. 
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with local tenderness and effusion. In the skiagram a bipartite patella 
must not be confused with a stellate fracture. 


Treatment. 

(1) Transverse or stellate types, without displacement. A firm 
pressure-bandage is applied. The joint is immobilised in full extension 
on a posterior splint. It is best to mould a plaster slab to the limb, 
from the buttock to the ankle, but a wooden “ Ham splint ” forms a 
useful first-aid method of fixation. The limb is elevated upon a pillow. 
When swelling and pain have subsided, the patient may walk ; after 
three weeks the splint may be removed daily for active exercises to 
the knee, but no walking should be attempted without it under six 
weeks. 

(2) Transverse type with separation of fragments. The limb is 
elevated and a pressure-bandage and posterior splint are applied. The 
s kin is carefully prepared for operation, which is usually undertaken 
four days after the injury. 

The patella is exposed by a horse-shoe incision, convexity upwards ; 
the incision should extend well laterally, so that adequate exposure 
of the lateral patellar ligament is made. The fragments are cleared of 
blood clot and aponeurosis, and excess blood is gently squeezed out of 
the joint. The methods of fixation of the fragments available are : 

(a) A number of catgut stitches are passed through the aponeurosis 
covering the two fragments of bone and are pulled tight to approximate 
the fragments. The tear in the lateral part of the capsule is closed by 
catgut sutures Xo suture passes through the bone. 

(1) Each fragment is drilled vertically or horizontally and a 
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“ mattress ” suture of stout catgut or kangaroo tendon is passed 
through, the holes. When tightened, the fractured surfaces should be 
in close apposition. 

(c) A stitch is passed deep to the aponeurosis, and made to encircle 
the patella, like a purse-string. 

In each case care must be taken that the articular surfaces are in 
accurate alignment. Careful suture of the layers of aponeurosis on 
either side and in front of the patella is next made, and the skin 
incision is then closed. 

The first type of suture is suitable when the bone fits together easily 
and the aponeurosis is thick and takes the stitch well. The second type 
should be considered as the routine treatment. The stitch round the 
patella can be employed as an adjunct to either of the above methods 
or may be used alone. As a rule, it does not hold the transverse fracture 
well if employed alone. 

(3) Stellate fracture with spread of the fragments. The operation 
employed is exposure of the patella, clearance of ragged tags of 
aponeurosis and encircling of the patella with a purse-string suture of 
thick catgut. 

After-Treatment. A firm bandage and a posterior splint arc applied o\ex tho 
dressings and the limb is elevated. The stitches are removed on the tenth day. 
The splint should l>e «om for six to eight weeks, and walking may be commenced 
after three weeks. Faradism to the quadriceps muscles is possible without re- 
moving the posterior splint. Active knee-joint movements arc started in six weeks. 

Complications. 

(1) If silver wire is used as a suture material, sepsis and hone 
atrophy may necessitate its removal. 

(2) Re-fracture is not uncommon. The other patella sometimes 
fractures during the period of convalescence. 

(3) Some arthritis and stiffness of the knee is likely, as mast of the 
patients with this fracture arc middle-aged. 

TIBIA 

Fractures of the upper end of the tibia extending into the knee joint 
are of : 

(1) The tibial spine. 

(2) The condyles of the tibia. 

The Tibial Spine 

It is important to be aware of the existence of this injury, and to 
realise that the diagnosis is not difficult and that a definite lino of treat- 
ment should be adopted immediately. 
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It is an “ avulsion fracture ” produced by violent tension on the 
anterior crucial ligament. As the latter is tense in extension, the 
•violence is a forced hyperextension of the knee. The portion of bone 
torn up is usually about ^-inch wide, f-iuch from before backwards, and 
A-inch thick. It is the area of attachment of the anterior crucial liga- 
ment. This portion of bone is elevated from its bed, so that it lies just 
above the level of the surface of the tibial head. The injury may occur 
in children under ten, but is most frequently seen in men between 
twenty and thirty. The history is that of a severe wench. There is 
an effusion of blood into the joint, and pain at the line of the joint. 
The knee is locked so that full extension is uot obtainable. With little 
displacement it will be locked at 170 degrees, but commonly at 150 
degrees, so that the knee is 30 degrees short of full extension. There is 
abnormal antero-posterior movement so that the tibia can be displaced 
forwards on the femur. The antero-posterior skiagram shows a piece 
of bone in the joint, centrally placed, and this is seen in the lateral 
view also. 

Differential Diagnosis. When there is little displacement, the lesion 
may be mistaken for a displaced semilunar cartilage owing to the 
locking. The skiagram will show the bony lesion. In an anterior 
crucial ligament tear alone, there is no bony block and a normal X-ray 
picture. In injury to articular surface of femur, tibia or patella, a 
fragment may be displaced aud cause similar symptoms. The history 
in this type of ca«.e may not relate the exact type of violence. Bony 
block occurs, but laxity of antero-posterior movement is not present 
unless lateral ligaments have been tom. The X-ray film will show the 
hollow from winch the piece of bone and articular cartilage have been 
detached. 

Treatment. There is some divergence of opinion as to whether every 
case should be operated on to refix the detached piece of bone, or 
whether operation should be limited to those cases with considerable 
fj-inth) upward displacement. 

The non-operative treatment consists in manipulating the knee 
straight under an anaesthetic and fixing it in plaster. For such a manip- 
ulation to be a success it implies that the piece of bone is pressed 
back into its notch and remains there. In view of such an improba- 
bility, it is my opinion that this line of treatment should be limited 
to patients on whom an open operation is contra-indicated, or to those 
who realise that, if the post-manipulative X-ray photograph shows the 
displacement still present, an open operation will be necessary. 

By operative treatment, a perfect reposition and a strong knee arc 
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obtainable, whereas with the best manipulation the piece of bone is 
left slightly elevated so that the anterior crucial ligament is looser than 
normal. Removal of the fragment of bone is to be condemned. 

Procedure. A tourniquet is employed. The knee is flexed 43 
degrees from the extended position. The incision, which is nearly 



(a) Man, IL* Injiuut ol Ivm iltnlni (nA lU •orUr* o( iLc lilu. LntU dju] l/Jrttn u>l> itni 
(t| Um lO 'ixo 

(r) UtrrU w« l»>w fr»*m*at u r!*\»uU. 

( n LiirrU «t*w *o4 fiulM ot Inpj/nL 

ti inches long, commences above on the inner side of the patella, 1-inch 
from its lower border, and extends downwards parallel to the inner 
border of the infra- pa tellur ligament to just below the tubercle of the 
tibia. The capsule and synovial membrane are opened in the same 
line, A retractor is placed on the infra-patellar ligament and, if free 
access to the front of the joint is not likely to be obtained, the tibia! 
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tubercle is removed with a chisel, flush with the crest of the tibia, 
and the ligament and patella are retracted outwards. (This is 
unnecessary in a cluM.) With a dissector the edges of the fracture 
are defined and the fragment is carefully elevated. Blood clot and 
any loose cancellous tissue is removed from the notch. The fragment 
of bone is fitted into the notch. 

Should the assistant elevate the leg, it will be seen that the fragment 
will leave the notch again. 

With a morse drill not larger than A-inch, two drill holes are 
made from the anterior surface of the tibia, deep to the normal position 
of the infra-patellar ligament, obliquely upwards and backwards as 
shown in figure 2416. Catgut No. 2 threaded on a needle is passed 
up one hole, through the attachment of the crucial ligament to the 
fragment of bone and down through the second drill hole (alternatively 
it can be passed directly through the fragment, but drilling the frag- 
ment may split it). The assistant presses the fragment home with a 
pair of forceps whilst the stitch is tied in front of the tibia. The knee 
should now be extended to see that the fragment does not move. If 
this does occur, it shows that the stitches are too loose. 

The tibial tubercle is fixed into place with stitches or a nail. The 
joint and skin are closed. The limb is put in plaster with an extended 
knee for ten weeks. Weight-bearing is allowed after a mouth, but uo 
joint movement until the plaster is removed. A window can be cut 
for faradic stimulation. 

The Condyles of the Tibia 

The coudyles are fractured by forcible abduction or adduction 
injuries of the knee (fig. 2417). The fracture liue, of necessity, runs 
into the knee joint, and considerable effusion of blood will usually be 
found. Tearing of the corresponding semilunar cartilage is a frequent 
complication, particularly when the outer coudyle is fractured. It may 
be displaced, so as to lie between the broken fragment and the fractured 
surface of the shaft. 

Displacement. The triangular portion of condyle is displaced 
downwards, causing irregularity of the articular surface of the tibia. 

Should the fracture remain unreduced, two serious complications 
are likely to follow : (a) Gross ostco-arthritis of the knee, with corres- 
ponding diminution in the range of movement ; and (6) Genu varum, 
or valgum, according to the condyle involved. 

Fracture of both coudyles is a rare injury, but when it happens the 
tibial shaft is forced between them like a wedge. 

Treatment. Should great effusion be present in the joint, it may be 
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wise to rest the leg for a few days on a Thomas splint, bent at the 
knee, or on a Braun frame. A firm pressure-bandage should be applied 
to limit the effusion. 

Reduction. 

(1) By manipulation. An anaesthetic is given and the knee strongly 
abducted, for fracture of the internal condyle. The internal lateral 
ligament remains attached to the fragments and pulls it upwards into 



position. Direct pressure on the fragment (by the fingers) may be 
of assistance. The reverse manoeuvre is applied for fractures of the 
external condyle. 

(2) Should manipulation fail , a Stcimnaun pin is driven firmly into 
the fragment, which is then levered into position. 

(3) Incomplete reduction should be treated by open operation. 
The fracture is exposed by a vertical curved incision, blood clot cleared 
away, and the loose fragment fixed by a couple of bone pegs or a wood 
screw’. Removal of the corresponding semilunar cartilage may be 
necessary. 
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Needless to say, exceptional care must be taken that the skin of the 
operation area is intact, free from blisters, and carefully prepared by a 
three-day preparation. During the operation the knee joint is opened 
and the consequences of sepsis made correspondingly serious. 

(4) Fracture of both condyles necessitates : 

(а) Traction in the screw-traction apparatus from a pin through 
the os calcis. 

(б) Lateral compression to force the displaced fragments into 
position, by the hands or by the compression clamp. 

After-Treatment. The fracture having been reduced, the knee is fixed in a 
p las ter- cast extending from the buttock to the toes. The joint should be in full 
extension but not over-extended, and care must be taken to avoid genu varum or 
valgum. Antero-posterior and lateral X-ray pictures are then taken as a check 
of accurate reduction. 

A walking-iron may he applied and the patient allowed to get about after a 
week. The plaster should remain on for ten weeks. 

Should it he decided to treat the case by massage and mobilisation, the cast 
should be bivalved after four weeks. Great care must be exercised, as the deformity 
is liable to recur, especially if weight-bearing is allowed too early without adequate 
support. 

If traction fails to reduce the displacement, open operation is 
advisable. The fragments are aligned correctly and held in place by a 
metal screw and bolt. This is passed transversely about J-incli distal 
to the joint. The advantage of the bolt is that, as it is screwed tight, 
the fragments are compressed. It is advisable to remove the bolt 
about eight weeks after the operation. 

Shaft of the Tibia 

The common site for fracture is in the middle third. Two types 
occur frequently: (1) The transverse fracture, due to direct violence 
and often associated with a skin wound ; a large proportion of these 
result from motor-cycle accidents in young adults. (2) The oblique 
fracture, due to indirect violence or torsion. If a skin wound exists in 
this type, it is due to the sharp bony point of the lower fragment being 
forced outwards and not to the causative violence. 

In children, the fracture is almost invariably of the spiral type, 
with little or no displacement. Fracture of the fibula is commonly 
associated. In the transverse type of fracture, the fibula is usually 
broken at or about the same level as the tibia. In the oblique type, 
the break in the fibula is 2 or 3 inches higher than the tibial fracture, 
but fracture of the neck of the fibula is often associated with fracture 
below the middle of the tibia. 
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Deformity. In adults, this is often considerable. 

(1) Transverse fracture, (a) Fibula intact : little or no shortening; 
lateral displacement or angulation, (b) Fibula fractured : shortening 
and lateral displacement with angulation. 

(2) Oblique fractures, (o) Fibula intact : angulation or lateral 
displacement. (6) Fibula fractured : shortening, in addition. 

(3) Spiral fractures in children (fibula often intact) : deformity 
usually limited to slight shortening and lateral displacement,. 

Complicatmis. 

(1) Open fracture is by far the commonest complication in adults. 
If the skin wound be a mere puncture, as it frequently is, many of these 
cases can be treated as if they were closed fractures, and run the normal 
course of a closed fracture. Should sepsis supervene, however, local osteo- 
myelitis with sequestra formation will greatly delay the time of union. 

(2) Comminution is frequently found iii the transverse type due to 
direct violence. A triangular portion of bone may be detached or a 
number of smaller fragments may be present. Some may undergo 
necrosis, if torn from the attached muscle and periosteum. 

(3) Malunion is seen more commonly than it should be. This may 
be attributed to faulty reduction, or to inefficient fixation for a suffi- 
ciently long period. Removal of the plaster-cast for “ massage ” before 
union is firm is another frequent cause. 

The most serious cases of malunion are those with angular deformity. 
Slight shortening is of less importance. Sometimes a large, unsightly 
mass of callus forms around one of the detached fragments. Its 
presence is of no consequence except from the cosmetic point of view. 

(4) Non-union results from ; (o) Sepsis ; (b) Ovcr-traction with 
interposition of soft parts ; (c) Insufficient splintage ; and (d) Mal- 
position. 

Treatment. 

(1) Children. Should displacement be present, correction under an 
anajsthetic by manual manipulation is usually all that is required. It 
is rare that the need for continuous traction arises. Fixation is by a 
well-fitting plaster-cast, extending from mid-thigh to the tip of the toes. 
The knee should l>e flexed 15 degrees, with the foot at right angles. 
Accuracy of reduction should be checked by nntoro-posterior and 
lateral X-ray films taken through the cast. 

In small children it is well to protect the heel of the plaster with a 
pad of felt or to apply a wooden “.sole” to the cast, otherwise the 
plaster will be found soft and cracked after a few hours of play by the 
child. 
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In older children a walking-iron may be fixed as soon as the cast is 
hard. In oblique fractures, however, the child should not bear weight 
on the leg for a month, as the risk of over-riding of the fracture inside 
the cast is great. 

All splinting may be removed in from 6 to 8 weeks. 

Note. It should be an invariable rule that all cases of recent fracture treated 
in plaster-of-Paris should be inspected within twelve hours of application of the 
cast. Better still if they can be admitted to hospital for twenty-four hours. 
Neglect of this precaution may result in pressure sores, swollen limbs, ischemia 
or gangrene, apart from intense pain to the patient. 

At the slightest suggestion of swelling or blueness of the extremities, the cast 
must be split open and the limb elevated It is important to remember that 
wadding or bandage beneath the plaster should also be cut. 

(2) Adults. Three methods are available : 

(а) Manipulative reduction followed by plaster-cast. 

(б) Reduction by means of the screw-traction apparatus of Bolder 
or Watson Jones, followed by plaster-cast. 

(c) Continuous skeletal traction on a Braun frame for two or 
three weeks. Later, a plaster-cast. 

(a) If the case is seen early, before much swelling has appeared, 
it is occasionally possible to *' hitch *’ the fracture under an anaesthetic, 
and to fix it immediately in plaster. It is only possible to “ hitch ” 
transverse fractures in this way and the method is of limited application. 

(V) Screw traction is particularly useful iu oblique fractures. The 
essential points in the method are : 

(i) The shortening is overcome by mechanical traction, and lateral 
displacement is corrected by pressure with the hands at the site of the 
fracture. 

(ii) The knee is flexed to a right angle in order to relax the calf 
muscles. This is an essential step. Counter-traction is made by the 
bar of the apparatus against the lower part of the thigh, just above 
the popliteal space. 

(iii) When reduction is satisfactory, a plaster-cast is applied and 
allowed to "set” before the traction is released (see Vol. II, figs. 
1949 and 1930). 

Method. The patient is amesthetised, and the heel prepared and 
painted with iodine. A Steinmamr pin is inserted through the os calcis, 
and a stirrup applied, .in assistant makes manual traction from the 
stirrup while the leg is lifted on to the traction apparatus. The bar 
for the knee must he well padded with felt or sorbo rubber, and should 
be adjusted to such a height that the knee, when resting upon it, is 
Hexed nearly to a right angle. The stirrup is attached to the hook of 
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the traction screw. It is convenient to have a spring balance between 
stirrup and hook, so that the actual traction may be read off in pounds, 
but this is not essential. The screw is gradually tightened, and a careful 
check is kept upon the measurement of each tibia (from the upper end 
to the internal malleolus. Both legs should be in the same position 
while the measurement is taken.) If the fracture can he “ screened ” 
in the theatre, so much the better. 

When all shortening has been overcome, the site of the fracture is 
massaged in order to remove any oedema, and the subcutnueous surface 
of the bone is palpated. Any lateral displacement is corrected by 
pressure with the two hands from either side. 

The leg, if hairy, is smeared with vaseline to prevent adhesion of the 
plaster. 

A plaster slab is made, C inches wide and of sufficient length to 
extend from the knee to the toes, as measured along the back of the 
leg. It is applied directly to the skin, without padding, and bandaged 
along the calf with smooth turns of flannel bandage. That portion 
for the foot is now moulded round the heel and cuts are made at the 
corners to make it lie smoothly. The foot portion should be held by 
an assistant until hard. The comers may be made quite strong by 
splitting the layers of plaster and dovetailing them together alternately. 

When correctly applied, there should be a strip of skin uncovered 
by plaster, about 2 inches wide down the front of the leg. A thin 
layer of wadding is now laid over this gap in the plaster. Finally, two 
or three plaster bandages are applied in the ordinary way so that the 
whole leg from knee to foot is encased. When the plaster is set, 
traction is released and the apparatus removed. The knee is now 
protected by wadding and the cast continued up to the middle of the 
thigh. The pin is removed through a small hole in the cast. 

The position of the fracture is checked by means of X-rays. When 
this method is used, the patient may walk in a few days with a walking- 
iron fixed in the plaster. 

Modifications. 

(i) It is sometimes recommended that a complete plaster-cast be 
applied without the preliminary slab and wadding. If this is done, it 
is cs&enlial to split the cast immediately along the anterior surface 
throughout its whole length, as considerable swelling of the limb may 
occur after screw traction is released. 

(ii) Instead of carrying the cast above the knee, a firm hold on the 
upper fragment may be obtained by inserting a second pin through the 
upper end of the tibia. In this case both pins are left m situ and 
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incorporated in the plaster. As an alternative to the pin through the 
os calcis, one may be placed through the lower end of the tibia. 

(c) Continuous traction. This should be used : 

(i) Where screw traction has failed. (In this case the plaster slab 
is not applied, but the fractured limb is immediately transferred to a 
Braun frame and continuous traction applied.) 

(ii) As an alternative to screw traction. 

(ui) Where the fracture is complicated by a large wound or by 
sepsis. 

(iv) In late cases, in which deformity has not been corrected at 
the outset. 

Method. The patient i3 amesthetised, a pin is inserted through the 
os calcis, and a stirrup then applied. 

The limb is laid upon a Braun frame and a weight of 10-15 lb. 
attached to the stirrup. After a few days a set of X-ray films is taken 
and any necessary adjustment made. Special care is taken that the 
limb is not over-extended and, when shortening has been overcome, 
the weight is reduced. Usually m from 3-43 weeks the callus is suffi- 
ciently firm to allow the application of a plaster-cast. This should be 
applied in the manner already described, but the layer of wadding may 
be replaced by one turn of flannel bandage. The slab should be applied 
before traction is released, the slings on the Braun frame being 
removed for the purpose. When hard, the limb is lifted* clear of the 
frame, stirrup and pin are removed, and the plaster-cast is completed. 
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Should a wound be present, “ an inspection window ” may be cut in 
the plaster. 

After-Treatment. The majority of these fractures should be treated by the 
“ ambulatory method ” and a walking-iron fitted as soon as the cast is hard 
(fig. 2118). Patients can walk quite satisfactorily after a little practice, even when 
the knee has been included in the plaster. The use of crutches should be dis- 
couraged, but one or two stout walking-sticks are necessary as a precaution against 
falls. 

With elderly or feeble patients it is difficult or impossible to carry out 
ambulatory treatment, and the wiser course is to “ bivalve ” the cast as soon as 
union is firm and to treat by massage, movements, and assisted exercises. 

Tbe time necessary for complete union varies enormously. Closed fractures 
in healthy young adults should be firm in three to four months, but manual 
labourers rarely return to work under six months. 

Lower Third of the Shaft of the Tibia 

A common fracture, due to indirect violence, is at the junction of 
the middle and lower thirds of the tibia. This oblique fracture — termed 
flute en bee — is associated with a fracture of the neck of tbe fibula. 

Displacement usually occurs and consists of angulation, rotation, 
and overlap with little lateral displacement. 

Reduction by manipulation is not satisfactory. With skill, skeletal 
traction with a posterior slab may produce complete reduction in perfect 
position. It is often difficult to control the tendency of the lower 
fragment and foot to rotate. 

This fracture is one in which a perfect end-result can be achieved 
by an open reduction, carried out preferably a few days after the 
injury. The approach is easy, and the bones can be replaced accurately 
and fixed by a six-screw Lane’s plate, placed on the surface of the tibia 
facing the fibula. If the plate is placed on the subcutaneous surface, 
it will have to be removed later. The use of a plate is preferable to that 
of a band, more accurate and firmer than wire, and a simpler procedure 
than a bone graft. The limb is put into a light plaster. This is changed 
when the stitches arc removed, in order to get a more tightly-fitting 
plaster over less wool. Weight-bearing is not allowed for eight weeks. 
Splinting is usually advisable for twelve weeks from the date of opera- 
tion. As a rule, callus formation is neither rapid nor extensive after 
this operation. 

In children, a partial fracture of the tibial shaft, about 2 inches 
above the ankle joint, is often seen, tbe fibula being fractured at the 
same level. 

Deformity consists of considerable angulation in the antero- 
posterior plane. Manual correction under an anaesthetic is usually easy. 
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Non-union of the Shaft of the Tibia 

This is seen in the middle and lower thirds of the bone. Transverse 
fractures, which are not supported for a sufficiently long time, and 
compound fractures, when there has been separation of the fragments, 
are notable for this complication. Often it is not recognised until the 
patient has been walking and angulation occurs, associated with pain, 
A false joint seldom forms in this situation, in contrast with the humerus, 
and fibrous union is generally present. 

Treatment. Operative treatment is employed as a routine. If this 
is contra-indicated or refused, the patient is fitted with a moulded 
leather splint, covering the leg and foot. 

The operative treatment may be : 

(1) Drilling holes through the ends of the fractured fragments, 

(2) Bone-grafting. 

In recent years the former has had a number of advocates. 

(1) The technique is simple. An inch of bone above and below the 
fracture is exposed. With a morse drill, A-inch, a number of holes 
are made through the fibrous union and bone, and others into the bone 
around the fracture. Some surgeons employ weight-bearing immedi- 
ately, but others prefer to keep the patient recumbent and prescribe 
heat and massage to encourage bone formation. This procedure pro- 
duces union in certain cases, but it is considered that the routine 
procedure should be : 

(2) Bone-grafting. An 8-inch incision is made along the outer side 
of the subcutaneous border of the tibia. The periosteum is incised 
above and below the site of the fracture and separated from the bone. 
This sheath is then separated with care from the area of fracture, until 
the two fragments of bone can be split apart with an osteotome and 
pointed out through the wound. The fibula is then fractured by manip- 
ulation, or by a short incision and division with an osteotome 3 inches 
above the ankle joint. The fractured ends of the tibia are trimmed, so 
that all the bony tissue appears healthy. A mechanical saw is employed 
to cut a graft from the upper fragment. This is passed into the medulla 
of the lower fragment and allowed to lie in the upper fragment as a 
lateral inlay, or in the medulla, with a bridge to hold it in place (see 
fig. 2420). The assistant pushes the foot up so that the fractured sur- 
faces of the tibia are in contact. The fit should be so tight that no dis- 
placement occurs when the ankle or leg is moved about. If there is 
movement, fixation with small pieces of bone or circular loops of catgut 
must be added. The wound is closed and plaster splinting applied” 
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After-Treatment. The stitches should be removed through a window, and the 
limb not disturbed for eight weeks. At the end of that time a tightly-fitting plaster 
can be employed, and if the X-ray film shows new bone formation advancing, the 
patient may walk with an iron in the plaster. Four months’ plaster is usually 
advisable. The results of this operation are very satisfactory. 

Bone-grafting of the humerus for non-union and pseudarthrosis may be carried 
out on similar lines, or by the use of a tibial graft placed intra -medullary. The end- 
results show that a number do not obtain bony union, probably owing to the 
difficulty of firm fixation by external splinting, even if a plaster surrounding 
chest and arm is employed. 

FIBULA 

Fracture of the fibula neck by direct violence, complicated by 
injury to the external popliteal nerve, is of rare occurrence. Treatment 
of the nerve injury is the primary consideration. 

Fracture of the shaft of the fibula alone does not affect the function 
of the leg, so that the local tenderness may be thought to be a bruise 
only. Fibula “ springing ” is painful, and the fracture is seen in the 
X-ray film. The patient is allowed to walk after a few days’ rest and 
support by strapping. Ifeat and massage may be employed. 


FRACTURES ABOUT THE ANKLE JOINT 


These arc conveniently classified into 
two main types : 

{1) Abduction fractures. 

(2) Adduction fractures. 

Although a rotatory movement occurs 
at the time of fracture, the introduction 
of this word into the nomenclature of 
ankle fractures is confusing, and is there- 
fore purposely omitted here. They arc 
caused by indirect violence. The patient’s 
weight as lie falls is applied as a torsional 
force to the ankle joint whilst tile foot is 
in contact with the ground. 

Abduction Fractures ( Pott’s Fracture) 

The foot is everted and rotated out- 
wards in relation to the tibia. The astra- 
galus impinges against the external 
malleolus, and the fibula is fractured in an 
oblique manner just above the tibio-fibular 
ligaments. The line of fracture is from 
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behind downwards and forwards. It may be almost invisible in an 
antero-posterior X-ray picture, but it is plainly shown in a lateral view. 
The internal lateral ligament may be torn or a flake of bone be pulled 
from the tip of the internal malleolus. 

Deformity. In mild cases there is none. When present, the foot is 
in plantar flexion and slight eversion at the ankle joint. 

Lateral displacement of the astragalus in the tibio-fibular mortice is 
recognised in the X-ray film by the widening of the joint space on the 
inner side (i.e. between the astragalus and internal malleolus). 

F racture-d islocation . 

Partial or complete dislocation of the astragalus may occur in cases 
where the causative violence has been exceptionally severe, the foot 
being carried in an outward, backward or upward direction : 

(а) The posterior lip of the articular surface of the tibia may be 
fractured. This will be observed in a lateral X-ray film as a triangular 
fragment detached from the posterior surface of the tibia. As a result, 
backward displacement of the astragalus may be present. 

(б) The inferior tibio-fibular ligaments may be ruptured, so that 
marked outward displacement and eversion of the foot occurs. 

(c) In rare instances, when the patient has fallen from a height on 
to the heel, the tibio-fibular ligament may be ruptured by the astragalus 
acting as a wedge between the two bones. Upward displacement of 
the whole foot results, together with eversion. 

This injury is known as Dupuytren's 
fracture. 

Adduction Fracture 

In this type the foot is inverted in 
relation to the tibia. The astragalus is 
forced against the internal malleolus, 
wliich is fractured obliquely across the 
base. The external lateral ligament may 
be torn, or the fibula fractured transversely 
at the level of the articular surface of the 
tibia, as if it had been snapped across the 
sharp edge of the tibia at this level. 
Inversion and internal displacement of the 
astragalus will result. 

Diagnosis. The differential diagnosis 
from a sprained ’ ankle is not always 
r -3 2<ii — axtuio-postieiob view or e * sy ’ man >’ “ sprains ** the chief point 
ti»«l *»*«*»* nxctx ke. Of tenderness lies over the external lateral 




ORTHOPEDICS 


4505 


ligament rather than over the malleoli. “ Springing ” the fibula against 
the tibia by firm pressure between the fingers and thumb may be a valu- 
able sign if pain is elicited at a distance from the point grasped. Finally, 
it should be remembered that, as in injuries of other parts, all cases in 
winch the diagnosis remains in doubt should be examined by X-rays. 

Treatment, 

(1) Fracture without displacement. {Abduction or Adduction.) (Fig. 
2423.) A lightly-padded plaster-cast is the best method of fixation. 
Alternatively, the “ slab ” method described under Fracture of the Tibial 
Shaft may be employed. Much swelling is unlikely, but it is wise to keep 
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the foot elevated for a day or so. Subsequently, a walking-iron is fitted 
and the patient is encouraged to walk, using sticks and not crutches. 
If much oedema is already present, this should be massaged away before 
application of the cast. 

Special jtoints in applying the plaster : («) The knee must be Hexed 
to a right angle over a support or held by an assistant. (6) The foot 
should be at a right angle with the tibia, the toes being held by an 
assistant, (e) The forepart of the foot should be “ square ” and not 
forcibly inverted, (d) While the cast is setting, the os calc is is inverted 
by pressure on the outer side, (c) The plaster should extend from juit 
below the knee to the tip of the toes, ft may he trimmed away on the 
dorsum of the foot for an inch to allow free movements of the toes. 
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(2) Abduction (Poll's Fracture) nil h Displacement. 

L Manipulative reduction. As a rule, the more gross the displace- 
ment the easier the reduction, provided comminution has not occurred. 
A oeneral anesthetic is always required, gas or gas and oxygen alone 
giving insufficient relaxation. Alternatively, local anesthesia may be 
employed in cases unsuitable for general anesthesia. 

The knee is flexed to relax the teudo Achillis and the foot is brought 
up to a right angle. Firm pressure is made with the hand on the outer 
side of the os calcis. in order to force the astragalus well “ home ’ 


against the internal malleolus. Any backward displacement is cor- 
rected by lifting the foot forward, counter-pressure being made on the 
anterior surface of the tibia. An unpadded plaster slab is applied in 
the manner already described, firm pressure being made on the outer 
side of the os calcis imtil the plaster is hard. Care is taken that the foot 
is at a right angle with the leg. 

The cast is then completed and the ankle should be immediately 
examined by means of X-rays. If reduction is not satisfactory, the 
cast should be removed and a fresh attempt made. 

Common Causes of Failure to obtain Satisfactory Reduction : 

(i) hailure to attempt reduction at the earliest possible moment. 
Attempts made hours or days after the injury are doomed to failure, 
owing to the presence of blood clot between the fragments. 
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(ii) Insufficient muscular relaxation for a period long enough to 
allow firm “ setting ” of the plaster-cast. 

(in) Neglect to flex the knee. 

(6) Operative reduction. In selected cases where other means have 
failed to obtain accurate reposition, the question of open operation 
should be considered. Briefly, the possibilities are : (i) Reconstruction 
of the ankle joint ; or (ii) Arthrodesis of the ankle joint. 

Reconstruction. In Dupuytren's fracture, or where the tibio-fibular 
ligaments have been ruptured, the bones are best fixed together by 
bolts or screws, within a week of the injury. Where deformity per- 
sists after attempts at reduction by other means, open reduction 
should be undertaken, provided this can be done within three months 
of the injury. 

The scope of the operation embraces exposure of the internal mal- 
leolus on the inner side, and of the fibula through a separate incision 
on the outer side of the joint. Old blood clot and fibrous tissue is 
cleared away. It is often sufficient to maintain accurate replacement 
of the astragalus by fixation of the fibula fracture with a four-hole 
Lane’s plate. This may be subsequently removed. In other cases, it 
may be necessary to fix the internal malleolus by means of a screw 
passed up into the tibia. 

Needless to say, the earlier this operation is undertaken, the 
greater the likelihood of accurate anatomical replacement ami the less 
the chance of subsequent arthritis. The method is deserving of 
consideration in any “ difficult ” fracture in a young adult. 

Arthrodesis. In late cases with malunion, severe valgus deformity 
with pain is often experienced. Before deciding upon operation, it may 
be well to try a surgical boot, fitted with valgus iron and T .strap. 
Occasionally a moulded leather splint, fitted accurately to the ankle 
and worn inside the boot, may give relief. 

Should conservative methods fail, the question of arthrodesis must 
be considered. 

Treatment of Adduction Fractures with Displacement. 

The general principles of treatment already laid down should be 
employed. Modification in the type of manipulation is necessary owing 
to the reverse displacement from the abduction fracture. 

After Treatment. The majority of se'ere fracturn require fixation in pL-t< r 
for ten vucka. If the injury » a crack without dtqdao mint, six <>r tight week* 
may sufike. The “ ambulatory " method should be employed wherever practi- 
cable. Mild eases may walk, Using the walking-iron, within two or t litre da)*. 
In sewrw cases two or three weeks of recumbency miy K* required b-fore walling 
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is allowed. When the plaster is removed, a firm elastoplast or zinc-gelatine bandage 
should be applied immediately and worn for several weeks. By this means much 
cedema and resulting discomfort is at oided. 

The heel of the shoe should be wedged J-inch on the inner side for at least three 
months. . 

Massage and physical treatment is valuable in elderly patients and m tho*e 
with much redema and stiffness, but should not be employed until the end of the 
period of ambulatory fixation Early physical treatment should be reserved for 
those cases too old or feeble to manage the walking-iron, in which case the plaster- 
cast is " bivalved ” at the outset. (The period of disability after severe fracture- 
dislocation of the ankle in working men is. according to the British Medical 
Association Report of 1935, about forty snen weeks, and when treated in organised 
clinics about dcieu weeks. 

Separation of the Loircr Ttbiail Epiphysis. 

A severe abduction injur}* at the ankle in a child between the ages 
of ten and fifteen usually causes an oblique fracture of the fibula (similar 
to that of Pott’s fracture) and a ' separated epiphysis ” of the lower 
end of the tibia. The foot mav be dislocated backwards at the ankle 
joint or move backwards with the epiphysis. The line of tibial injury 
is through the plate separating epiphysis from shaft, with a fracture of 
the posterior lip of tkr tibia! shaft. The signs are those of Pott’s 
fracture. 

Treatment consists m reduction aud fixation under aiuesthetic as 
soon after the injury as possible. The reduction is a similar manipula- 
tion to that described for abduction fracture with displacement. An 
unpadded posterior plaster splint is applied to the calf and sole of the 
foot, extending from below the knee to the tip of the toes. A flannel 
bandage is wound round the limb and splint. After a layer of wadding 
has been plated over the front of the limb and ankle, circular turns of 
plaster bandage cover the whole, and a metal walking-iron is fixed on. 
The ankle is examined by X-rays to check a satisfactory reduction 
and the limb is kept elevated for forty-eight hours. If the toes swell 
much, the plaster must be cut straight up the front and folded out. 
If the splint is comfortable, walking is allowed in a week. The plaster 
is not removed for ten weeks, unless it is loose. 

If early reduction has not been carried out, open reduction may be 
required. Fixation by internal splinting should be avoided if possible. 

ASTRAGALUS 

Two types of fracture occur : of the neck, and of the body. 

(1) Fracture through the neck is the more common type. The body 
of the bone is rotated, its fractured surface looking downwards. Cor- 
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rection may be attempted by forcible plantar flexion of the foot, 
over a wedge. The foot is then put up in a plaster-cast for six weeks, 
but this time is prolonged if the union, as shown by X-ray examination, 
is not firm. 

(2) Compression fracture should be treated in the screw-traction 
apparatus, traction being made in the line of the tibia. Immobilisation 
in plaster is necessary for ten weeks. 

If, some months after the fracture has united, there is persistent 
pain and swelling, arthrodesis of the ankle or suhastragaloid joint, or 
removal of the astragalus may be advisable. 

Small fissures and chips, associated with fracture-dislocation of the 
ankle joint, call for no special mention. 

os CALCIS 

Injuries of the os calcis constitute about 2 per cent of all fractures. 
The accident is most common among window-clcancrs and painters, 
owing to their liability to fall from a height and land on their feet. 
Bilateral fracture is common. 

Types. 

(1) Compression fractures , comprising about 90 per cent of all 
fractures of the os calcis. 

(2) Fracture of isolated processes. The sustentaculum tali and 
peroneal tubercle are those most often affected. 

(3) Avulsion fractures. Sudden and forcible contraction of the 
tendo Achillis, causing avulsion of a portion of the posterior surface 
of the bone, is a rare injury. (The so-called “ beak ” fracture consists 
of a portion of bone detached from the posterior and upper angle of 
the os calcis by compression. It becomes displaced by contact with 
the tendo Achillis, but, lying as it docs above the insertion of this 
tendon, this is not a true avulsion fracture.) 

( 1 ) Com pression fraci arcs. 

Important considerations. When a compressing force is applied to 
the heel, the os calcis tends to be pronated or everted. Vertical com- 
pression of the bone causes a lateral broadening, and the outer surface 
of the bone is forced outwards, forwards and upwards. 

In addition, a fracture is commonly present at the neck, between 
the articular facets dividing the bone virtually into an anterior and 
posterior portion. 

Two muscle forces which are responsible for the production of 
deformity act upon the posterior portion of the os calcis : (a) The 
tendo Achillis ; and (b) the short nm»cles of the foot (see fig. 2 125). The 
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former tends to produce angulation of the posterior fragment upon the 
anterior, the angle being open upwards. In effect, the posterior portion 
comes to lie more nearly on a level with the articular facets instead of 
below them, and the posterior pillar of the longitudinal arch of the foot 
is lost. The latter force is responsible for “ impaction ” or shortening 
of the bone as a whole. 

The deformity produced by the pull of the tendo Aehillis may be 
conveniently measured by what Bohler calls the tuberosity-joint 
angle *' 

A line is drawn from the highest point on the upper surface to the 
anterior angle, and another line from the highest point to the upper part 
of the tuberosity. In the normal bone these lines will meet at an angle 
of approximately 150 degrees, the complementary angle being about 
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30 degrees. This smaller angle is the more convenient to measure and 
is referred to as the “ tuberosity- joint ” or “ salient ” an<de. 

After se\ ere fractures of the os calcis, the angle becomes less or 
may cease to exist when the two lines become parallel with each other. 

Diagnosis. The history of a fall, pain and swelling of the heel, and 
inability to walk make it clear that the injury is to the os calcis or 
astragalus, and not to the lower end of the tibia and fibula. Special 
attention should be given to the broadening of the heel and the 
abnormal appearance of the posterior pillar of the foot. Marked 
limitation of inversion and eversion will be present. If the case is 
seen late, the sigus will be masked by swelling. 

The external malleolus is sometimes fractured at the same time. 

X-ray diagnosis. Good films are essential. Three views are 
necessary : in addition to the usual antero-posterior and lateral views 
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a plantar-dorsal view is required. This is taken by placing the heel upon 
the X-ray film while the patient forcibly dorsiflexes the foot by means of 
a loop of bandage. The axis of the X-ray tube is directed at an angle 
of 45 degrees to the plantar surface of the heel. In doubtful cases, 
similar views of the normal os calcis should be taken for comparison. 

Prognosis. In all severe compression fractures and in fissured 
fractures running into the subastragaloid joint the prognosis is serious. 
Persistent pain, oedema, subastragaloid arthritis, and flat foot are 
common sequela*. The earning capacity of a labouring man is greatly 
reduced and heavy compensation claims may be involved, the period 
of disability being of many months’ duration. 

Treatment. In the past, the results of treatment of these fractures 
have been poor, no matter what method has been employed. The 
question as to the best method is still largely undecided until each has 
been given a further period of trial. It must be remembered that the 
majority of these fractures occur in working men who are entitled to 
compensation, and that while undoubtedly a great deal of pain and 
deformity may persist after treatment, there is usually in addition the 
added psychological element, which is very difficult to assess. 

(1) Fractures with Lillie or No Deformity— fissured fractures. 

The oedema is massaged away and an unpadded piaster-cast 

applied. The limb is elevated, and special vigilance with regard to 
after-swelling must be exercised. In a few days a walking-iron may be 
applied, and the patient allowed to walk. The cast should be retained 
for at least eight weeks. 

(2) Compression Fractures tcith Deformity. 

As with other fractures, an attempt should be made to correct 
deformity and to restore the hone to as normal a condition as possible. 

(a) Bone broadened, but no alteration of salient angle. A local or 
general amesthctic is given, and the bone restored to its normal contour 
by means of a compression clamp or redresseur (fig. 2120). This con- 
sists of a screw clamp similar to those used by cabinet-makers, and fitted 
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with padded convex jaws. The average measurement across the os 
calcis is about 35 mm. and the jaws of the clamp should not be 
approximated more than this amount. The clamp must be removed 
immediately the requisite compression has been made, or sloughing of 
the sign may result. A plaster-cast is then applied and treatment 
carried out as already described. 

(6) With loss of salient angle. This is the common severe type of 
fracture. The distorting muscular forces are the tendo Achillis and the 
short plantar muscles pulling at right angles to one another. These 
two forces may be overcome by a single force acting in the line of the 
resultant of these two forces. 

The screw-traction apparatus is required. A pin is inserted far 
back through the os calcis and a traction stirrup applied. A second 
pin is then driven through the tibia a hand’s breadth above the ankle 
joint, and its stirrup hung to the upright of the traction apparatus. 
The knee is bent to a right angle over the bar of the apparatus and 
traction is made in the line of the tibia. The screw traction is now 
released and the traction bar lowered to make an angle of 45 degrees 
with the tibia. Traction is applied at this angle for a few minutes. 
The compression clamp is applied to overcome broadening of the bone. 
A plaster-cast is put on. which incorporates the two pins. When 
hardened, the traction is released. The two pins incorporated in the cast 
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serve to hold the fragments of os ealeis in position. (It is useful to pro- 
tect the ends of these with corks.) 

After-Treatment. The limb should be placed on a Braun, frame under a radiant 
heat cradle. Constant observation of the toes for deficient circulation should be 
made during the first twenty-four hours. After a week, a walking- iron may bo 
applied. 

The cast and pins should be removed in eight to ten weeks, unless persistent 
pain or a raised temperature necessitates an earlier removal. Subsequently, a 
firm bandage should be worn and physical treatment instituted. Alternatively, 
continuous skeletal traction for ten to twelve weeks may be employed, usin" a 
Braun frame. In elderly persons or where the patient cannot be kept under 
strict supervision, this latter method is to be preferred. 

(3) Displaced processes may be restored to position by the com- 
pression damp, before application of a piaster-cast and walking-iron. 
This should be worn for eight weeks. 

(4) Avulsion Fractures. 

Fixation in plaster is required, and in rare instances with consider- 
able displacement operative fixation is necessary. 

OTHER TARSAL FRACTURES 

These fractures consist chiefly of small chips of bone broken from 
the navicular or cuboid. Special mention must be made of fracture 
of the tuberosity of the navicular which, in the absence of suitable 
treatment, is liable to lead to severe flat foot, owing to a gradual 
sinking down of the head of the astragalus. 

Displacement is usually slight and accurate diagnosis must be made 
from the X-ray films. 

It should be appreciated that the tuberosity of the navicular may 
remain as a separate ossicle throughout life. On this account the 
condition is sometimes mistaken for a fracture. 

Treatment. The foot is immobilised in a well-fitting plaster-cast. 
Great care is taken to mould the plaster under the longitudinal and 
transverse arches accurately, and to extern! it to the tips of the toes. 
The cast should be worn for at least six weeks, hut the patient may walk 
on a stirrup after the first few days. 

Fracture-dislocation may occur, especially in the tarso- metatarsi l 
area. In the event of displacement, an attempt at reduction should by 
made. This may not he difficult, but there may be a tendency for the 
displacement to recur. 

If manual traction is not successful, the following line of treatment 
may be adopted : 

(1) Traction is applied in the longitudinal axis of the foot by 
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means of a pin. inserted through the os calcis, and piano-wire loops 
ins erted through the tips of each toe, after the manner of applying 
traction for fracture of the metacarpals. A modified form of screw- 
traction apparatus may be used. 

(2) While the foot is under traction the displaced bones are manip- 
ulated into place by the fingers, and a plaster-cast applied. When 
hard the traction is released. The period of immobilisation should be 
ten weeks. 

METATARSAL BOXES 

The bones are usually fractured by direct violence. In the neck 
and proximal end, the break is more or less transverse, but the shaft 
is commonly fractured obliquely. Deformity may be gross, and consists 
of overlap with lateral or vertical displacement. Severe disability is 
likely to follow inadequate treatment. 

Special mention must be made of two types of fractures : 

(1) Oblique fracture of the base of the 5th metatarsal, which is liable 
to be confused with an extra epiphysis which is sometimes present — 
the os Vesalii. 

(2) The so-called “ march fracture ” of the neck of the 2nd or 3rd 
metatarsal, caused by excessive strain as in strenuous walking. If an 
X-ray film be taken as soon as pain is complained of, a minute fissured 
fracture may be detected. The conditiou is usually not recognised 
until a mass of callus has formed. 

Diagnosis. Apart from radiology, two points are worthy of special 
attention in deciding whether or not a fracture is present : 

(1) Pain elicited by traction on the toe. 

(2) Pain elicited by squeezing the foot from side to side. Mere 
tenderness on local pressure is apt to mislead in the differentiation 
between a severe bruise and a fracture. 

Sometimes a patient does not seek treatment for 3-4 weeks after the 
occurrence of a inarch fracture. After such an interval, there is oedema 
on the dorsum of the foot, and a palpable spindle-shaped swelling of 
the affected hone. 

Treatment. Displacement should be corrected by manipulation 
under anaesthesia, or the method of traction outlined above may be 
employed. Occasionally, continuous traction from the wire loops may 
be necessary. 

Immobilisation is by plaster-cast and walking-iron, special attention 
being given to the moulding of the arches. 

The cast should be retained for 6 to 8 weeks, even when the 
diagnosis is not made until some weeks after the injury. 
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After-Treatment consists of the wearing of an elastoplost bandage to limit 
oedema ; an arch -support may be necessary and a course of physical treatment 
is advisable. 

PHALANGES 

These are caused by direct blows or run-over accidents. 

Type. That of the terminal phalanx is often comminuted and may 
be associated with laceration of the nail-bed. The fracture is frequently 
“ open ”, and when this is the case, the nail should be removed and the 
patient put to bed until the wound is healed. 

The toe may be rested on a short malleable iron splint. 

All that is necessary in a closed fracture is to strap the toe firmly 
with adhesive plaster, and to add a short splint as a warning to the 
patient that he must walk on the heel. Four weeks is usually sufficient 
for union. 

Transverse fracture of the proximal phalanx is liable to be com- 
plicated by angular deformity. This should be corrected by manip- 
ulation. On occasions, continuous traction from a wire loop may be 
necessary to maintain good alignment. The best method is to encase 
the ankle in a plaster boot, and to make traction from a wire loop 
incorporated in it. 
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CHAPTER r 
Affections of the Eye 

METHODS OF EXAMINATION 

In the interests of clarity it is assumed in this section that a male 
surgeon is examining a female patient. The importance of taking a 
history is obvious, and according to the patient's complaints one or 
more of the following methods will be required : 

(1) In a room well lit by daylight let the patient face the 
window and direct her to look straight ahead. Note the presence or 
absence of redness or secretion in the bulbar conjunctivas, lids and 
their margins. Observe the reflection of the window in the cornea, 
and direct the patient to look in various directions so that the whole 
cornea is examined. Any irregularity in its surface will be at once 
apparent by causing distortion in the reflection. Test the direct and 
consensual pupil reactions to light by shading the eyes and uncovering 
them. Then direct the patient to look at the tip of her nose and observe 
whether the pupils contract. 

To examine the palpebral conjunctiva, direct the patient to look 
upwards and pull the lower lid down, when it is easily everted and the 
conjunctiva is seen. The lower lachrymal punctual will also be visible, 
and pressure over the median palpebral ligament will cause regurgitation 
of pus through it, if there be dacryo cystitis. The lid is now allowed 
to go back and the patient directed to clo^e and opim her eyes. The 
position of the lids should be examined for entropion ami ectropion, 
and particular attention should be given to the lower punctual to make 
sure it is pointing towards the eye and not upwards. Trichiasis should 
also be looked for at this stage. 

To examine the under-surface of the right upjwr lid, the patient imM 
direct her eyes downwards. The surgeon places the ulnar bonier of 
his index linger along the upper lid near its margin and his thumb on 
the lower lid. By exerting slight pressure the lower lid is slid under 
the upper and eversion is completed by moving the thumb upwards. 
For the left eye the surgeon employs the fingers of his right hand in a 
similar manner. If the fornix has to Ik* examined, the upper lid U held 
everted by the index finger ami the bulb of the eye Is prevwd luck 
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by the thumb which is replaced on the lower lid. If this is not successful, 
the end of a glass rod can be carefully slipped under the upper edge of 
the tarsal cartilage of the everted lid and a double eversion performed. 
It is usually necessary to cocainise the eye before doing this. The 
presence of any swelling, e.g. hordeolum or chalazion, is of course 
obvious on inspection and palpation of the lids. The intra-ocular pres- 
sure can be approximately determined by directing the patient to look 
down and by palpating the sclera through the upper lid with the index 
finders of the two hands, the other fingers resting upon her forehead. 



Fig 2129 — Horizontal Mar nos 

(a) Anterior chamber. 

(t) Fust* ctntnli*. 

(c) Cornea. 

(if) Angle of interior ibumters 
SrUemm'i carul u juit above 
the lint. 

(r) Conjunctiva. 

(?) E*!tr nil rectua. 

(*) Sclera. 

(k) Retina. 

1 1) Fibrea of lamina cnbona. 

(mi) Choroid. 

(a) Optic nene. aborning pbjiw- 
logieal cup. 

(o) Ciliary muscle. 

If) Susjwnsory ligament of lens, 
(e) Ciliary process. 

(.) Iris 


The cornea should he examined through a magnifying glass, of which 
the most satisfactory is the “ binocular loupe ” (fig. 2430), or, failing 
this, the monocular variety. The source of light should be placed to the 
side of, and slightly in front of, the patient and be focussed on to the 
cornea by a convex lens of 14 dioptres strength. If an electric ophthal- 
moscope be used, the focussing adjustment in this instrument will 
uaualh suffice to project a small bright luminous area on the cornea 
(fig. 2431 ). Daylight can be used, but usually it is more satisfactory to 
employ an electric lamp in the dark room. The cornea should be 
examined : 

(а) For the condition of its epithelium, by instilling a drop of fluor- 
escent and trashing out with boracic lotion, when any defects will bo 
stained green. 

(б) For its transparency. 
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(c) For the presence of precipitates on its posterior surface or of 
a foreign body on its anterior surface. At the same time the aqueous 
should be examined for its transparency, and the presence of any exudate 
(hypopyon) or haemorrhage (hyphanna) at the bottom of the anterior 
chamber should be noted. The iris is also examined by the method of 



oblique illumination, note being made of its texture, the outline of the 
pupil (regular or irregular), and the presence or absence of new vessels, 
of adhesions to the lens or cornea and of nodules and swellings. In 
order to make sure of the condition of the pupil, it may be necessary 
to employ a mydriatic, taking care to estimate the intra-ocular pressure 
beforehand in patients over the age of 40. 



(2) Examination of fundus and di-c is rendered much easier if an 
elertrie instead of a reflecting ophthalmoscope be u-ed. It is well to 
start with a 12 D. lens in the >iuht aperture and to examine the 
pupil reflex, directing the patient to look in various directions. JJy 
this means ojucities in the lens, cornea and vitreous will become 
evident .is dark areas in the red reflex. 
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The lenses should now be worked down with the finger on the driving 
wheel until the fundus details become clear. The disc is seen when 
the patient directs her eye a little upwards and nasally. If high myopia 
and astigmatism be present it may be difficult to obtain a clear view 
of the disc, and in such cases the indirect method of ophthalmoscopy 
must be employed. This is described in text-books of ophthalmology. 

(3) Visual acuity is tested by asking the patient to read a series of 
letters on a test card placed at a distance of 6 metres and suitably 
illuminated. The letters are graded according to the distance at which 
they should be read by an eye of normal acuity, and the result of the 
examination is expressed as a fraction : for example, R.E. 6/12 means 
that at 6 metres the patient’s right eye reads type which a normal eye 
should be able to read at 12 metres. It does not mean that the eye has 
only half normal vision. The estimation of errors of refraction is outside 
the scope of this section, but they are the commonest cause of defective 
vision, and until they have been excluded or corrected, the fact that a 
patient is unable to read 6 6 with each eye separately has little clinical 
value. Considerable help may often be obtained by making a pin-hole 
in a piece of black cardboard and directing the patient to look through 
this, when a definite improvement will be obtained in visual acuity 
if she has an error of refraction. 

(4) Visual Jield examination . Quite a useful idea of the field can be 
obtained without the employment of a perimeter, tangent screen, etc., 
by the method of confrontation. A piece of white paper about half an 
inch in diameter is inserted between the points of a pen-nib, the handle 
of the pen being used as a holder. The patient stands with her back to 
the light and the surgeon about fourteen inches away from her. He 
then directs her to cover one eye, say the left, and to look straight into 
liis left eye with her right. If the surgeon now closes liis right eye he 
can check the patients field against his onu by bringing the object 
in from various directions and asking her to say when she sees it. On 
the temporal side, this does not hold, since the field extends to over 90 
degrees from the fixation point, so the object must be brought round 
from a point about level with the patient’s ear. A similar method may 
be used with coloured objects in detecting the presence or absence of 
a central scotoma for colours (e.g. in tobacco blindness, retrobulbar 
neuritis, and some cases of pituitary tumours). 

DISEASES OF THE LIDS 

(1) Anomalies of development. The lids may in rare instances be 
absent (ablephana) or only partially developed, and sometimes the 
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unbroken skin may pass in front of the eye (cryptophthalmos) which is 
more or less imperfectly developed. The lids arc sometimes united 
wholly or partially by their margins (akyloblepharon) or to the bulbar 
conjunctiva (symblepharon). A more common congenital defect is the 
presence of a cleft (coloboma) in the upper lid, and possibly in the lower 
lid too. It is due to defective closure of the orbito-nasal fissure, and 
may be associated with a dermoid of the cornea underlying thy colo- 
boma, congenital hernia of orbital fat. owing to a defect in the orbital 
diaphragm, and trichiasis of the lower lid. The occurrence of an epican- 
thal fold may cause a pseudo-convergent squint. Another fold which 
sometimes occurs is epitarsus, a reduplication of the conjunctiva which 
passes from the fornix to be inserted near the lid border. 

Congenital ptosis occurs from non-development or defective develop- 
ment of the levator or of its nerve supply ; it may be unilateral, but 
usually affects both sides, and is often hereditary. The patient throws 
her head back in order to see under the drooping lids and raises her 
eyebrows in an endeavour to tighten the skin of the upper lids and draw 
them up. There is often an associated defect of the superior rectus. 
The condition is amenable to operation. 

(2) Injections . The commonest goes under the name of blepharitis ; 
a generic term applied to the various types of sub-acute and chronic in- 
flammations which affect the lid borders. There are two main varieties : 

[a) Dry blepharitis , in which the lid margin is reddened and 
crusted with bran-like scales. 

(b) Ulcerating blepharitis, in which on removal of crusts an ulcerating 
area remains. These ulcers affect mainly the area around the lash 
follicles, and are often associated with a chronic infection of the follicles 
which results in loss of the affected lashes. The lashes may regenerate 
later, but frequently grow inwards and rub against the cornea (tri- 
chiasis). 

The causes of blepharitis are manifold and include uncorrceted 
errors of refraction, exposure to various forms of irritation (heat, wind, 
dust or smoke), defective diet, unhygienic surroundings, debilitating 
diseases — e.g. measles — and the presence of a chronic conjunctivitis, 
especially trachoma. 

Treatment consists in removal of the crusts by an alkaline lotion, 
the application of ointments such as ung. hyd. nit. jVi B.I*. strength, 
of one containing zine oxide and icthyol. the prescription of glasses if 
necessary, and the administration of some anti-staphylococcal remedy 
sucli as manganese or tin. 8ome case** are due to secowlary infection 
from the scalp and will not improve until the coexisting seborrhau 
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capitis lias been efficiently treated. In obstinate cases injections of a 
mixed streptococcal and staphylococcal vaccine into the lids has given 
good results, especially when combined with a complete change of 
environment. 

Styes ( hordeola ) and Meibomian cysts {chalazia). A stye consists of 
a minute abscess, starting in the sebaceous gland of a lash follicle. It 
is best treated by hot bathing, the application of yellow oxide ointment 
and the administration of some anti-staphylococcal remedy or of pil. 
calx sulpliurata. Cases of orbital cellulitis have occurred from too early 
incision into a stye, and it is usually wiser to omit any surgical 
interference. For the same reason a Meibomian cyst should not be 
opened until all acute inflammation has subsided. It may then be 
incised and curetted under local anaesthesia. The cyst contains granu- 
lation tissue, which accumulates as the result of chronic inflammation 
following obstruction of the duct of a Meibomian gland. 

The conditions entropion and ectropion, as affecting the loner lid, 
apart from the cicatricial varieties, usually occur iu elderly patients. 
Entropion is due to spasm of that part of the orbicularis known as the 
muscle of Riolan ; ectropion to laxity of the orbicularis and to chronic 
conjunctivitis. Entropion or inversion of the upper lid may also occur, 
and is usually the result of trachoma. In this disease the palpebral 
conjunctiva becomes scarred and contracted with resultant bending of 
the lid and irritation of the cornea by the lashes. Various types of 
plastic operation are used to rectify the condition. 

(3) New growths of the lid include papillomata, sebaceous horns, 
angiomata, plexiform neuromata and neurofibiomata, also malignant 
growths such as carcinomata and rodent ulcers. These have the 
same characteristics as in other parts of the body and call for no special 
description. 

LACHRYMAL APPARATUS 

Disease of the lachrymal apparatus is usually associated with an 
overflow of tears (epiphora) which results from excessive secretion of 
the gland or from defective drainage. Apart from weeping, in which 
the stimulus arises from the cerebral cortex, excessive secretion of tears 
arises as a reflex effect of stimulation of the fifth nerve. It therefore 
occurs when the cornea is irritated by a foreign body, smoke, the 
occurrence of keratitis, when the iris is irritated as in iritis, or when the 
nasal mucosa is irritated, e.g. coryza, or hay fever. 

Defective drainage. The lachrymal drainage system consists of the 
puncta, the canahcnli, the sac and the naso-lachxymal duct, and 
obstruction to any of these will cause epiphora. Malposition of the 
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inferior pimetum in old age occurs as a result of senile atrophy of the 
muscle of Riolan, and any other type of ectropion will also bring about 
the same epiphora. The punctura may be put out of action if a lash 
becomes implanted in it — an occurrence which is not very uncommon. 
Apart from trauma, which may sever the canaliculi, the commonest 
cause of their blockage is infection with streptothrix. The treatment for 
this is to slit up the canaliculus with Webers knife (fig. 2452) and to scoop 
out the calcified contents. Obstruction of the sac is unusual, but the 
point where it joins the naso-lachrvmal duct is the commonest site for a 
stricture. Anatomically there is very little difference in calibre between 
the sac and the duct (fig. 2433), but from the clinical standpoint the dis- 





tinction is useful. Once obstruction has occurred a vinous circle is 
established as the stagnant tears become infected and converted into 
muco-pus, usually pneumococcal, which irritates the cornea, thus 
causing increased secretion of tears. In addition, the eye is bathed con- 
stantly in a culture of pneumococci, and if any injury to the epithelium 
is sustained the resulting “ serpiginous ulcer ” may destroy the sight. 

Lachrymal obstruction in the new-born is not uncommon, being due 
to delayed canalisation of the duct. It usually suffices to keep the sac 
empty by gentle digital pressure every hour or so until the duct becomes 
patent — a matter of about six weeks. If this fails, a fine probe should 
be passed, under a general anesthetic, lachrymal obstruction in the 
adult should be treated both from the eye and the n»*<\ since it is 
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often infection in the latter which it the primary cause of the 

condition. .... , 

Tlie patient should be given some lotion for bathing the eye, and 
he instructed to express the contents of the sac at least every hour 
during the day, and for a week or so the sac should be syringed out 
daily with boric lotion. If at the end of this time none passes into the 
nose, the sac should be filled with a solution of cocaine and adrenalin 
and a probe passed. This is a difficult, delicate and painful manoeuvre, 
and usually necessitates slitting up the canaliculus first. It may have 
to be repeated, and if in spite of this the obstruction persists, the sac 
should either be excised or an anastomosis be effected between it and 
the nose through the floor of the lachrymal fossa by West’s or Toti’s 
operation. 

The lachrymal gland is sometimes the seat of disease. Acute daeryo- 
adenitis causes a painful swelling in tlie upper and outer part of the 
orbit, but usually yields to fomentation. New growths have also been 
described, the commonest being a mixed tumour of the same type as 
that found in the parot»d gland. 

CONJUNCTIVA 

Injuries. Apart from the lodgment of a foreign body, the commonest 
injury of the conjunctiva results from the entry of some corrosive liquid. 
Alkalis — ammonia and caustic potash or soda — are usually more harm- 
ful than acids, but lime bums are the worst of all, because of their effect 
on the cornea. Immediate treatment consists in free lavage with normal 
saline or boracic lotion and the instillation of some lubricant such as 
parolene or boric vaseline. Later, after separation of the slough, a glass 
rod should be passed round the conjunctival sac daily to prevent the 
formation of adhesions between the bulbar and palpebral portions of the 
membrane. In the case of lime burns, drops of 10 per cent neutral 
ammonium tartrate or of 2 per cent cane sugar should be used two or 
three times daily, in the hope of dissolving the comeal opacity. Ammo- 
nium tartrate drops cause a good deal of pain, and cocaine may have 
to be instilled beforehand. 

Subconjunctival ecchymosis is of fairly common occurrence, aud 
may be idiopathic, traumatic, or the result of high blood-pressure. 
In most cases it is of no clinical significance, and tlie blood absorbs 
within ten to fourteen days. No treatment is required unless a succes- 
sion of hamiorrkages occurs, when calcium gluconate and parathyroid or 
the administration of a serum, e g. tlnomboplastin, may be of service. 

Chalky concretions occur fairly frequently in the palpebral con- 



EYE 


4527 

junctiva anil the fornices. They may act as foreign bodies, and give rise 
to the same symptoms, when they should be pricked out by the point 
of a Bier’s knife after cocainisation. 

coxjuxcnvms 

This may affect only the epithelium— superficial or catarrhal— or 
may penetrate more deeply and affect also the connect ive tissue of the 
conjunctiva — interstitial conjunctivitis. 

A. Superficial Conjunctivitis is characterised by engorgement of the 
conjunctival vessels, the presence of a variable amount of secretion 
and a sensation of irritation or grittiness in the lids. The main varieties 
are : 

(1) Simple catarrhal conjunctivitis due to non-bacterial causes 
such as exposure to irritant vapours, dust, wind, excessive glare and 
ultra-violet light {snow blindness). The conjunctival engorgement is 
often only slight, and there may be little or no discharge. 

(2) Angular conjunctivitis due to the diplobacillus of Morax and 
Axcnfeld, an organism which feeds only on dead cells and therefore 
finds its pabulum at the canthi, whither the exfoliated cells are swept 
by the action of the lids. The characteristic feature of this form of 
conjunctivitis is therefore redness of the conjunctiva and the skin of 
the lids, being most evident at the outer and inner canthi. This is 
usually accompanied by considerable irritation of the lids, wliich is 
particularly marked in the evening. 

(3) Muco-purulcnt conjunctivitis is an acute contagious variety, 
frequently epidemic and due to the Koch-Weeks bacillus, an organism 
wliich closely resembles Pfeiffer's influenza bacillus. The disease is 
characterised by the occurrence of a muco-purulent secretion and of 
subconjunctival htemorrhages. 

(4) Chronic catarrhal conjunctivitis may be the outcome of any 
of the above, if inefficiently treated. It is frequently associated with 
ectropion due to cicatricial contraction of the skin of the lids induced 
by their chronic irritation from epiphora. In these cases a plastic opera- 
tion is usually required to restore the lids to their proper position. 

Chronic monocular conjunctivitis is commonly due to one of the 
following causes : 

(а) A foreign body in the conjunctival .sic or on the cornea. 

(б) Misplaced lash or lashes. 

(c) Chronic «Iicryp-cy*titis. 

{3) Purulent conjunct it it is includes: 

(<i) Ophthalmia neonatorum, due in 00 per cent of cases to 
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oonococcal infection, usually at the time of birth, and in the remaining 
40 per cent of cases to other organisms such as streptococci, 
staphylococci, B. coli and pneumococci. 

Three stages are recognised : serous infiltration lasting a few clays, 
in which the conjunctiva of the lids is swollen, tense and shiny; 
pyorrhoea. lasting 2 to 6 weeks, in which there is a very free flow of 
pus from the conjunctival sac : and chronic blenorrhcea, in which a 
chronic thickening and infiltration of the lids and conjunctiva is present. 

The most serious complication is the occurrence of corneal ulcers 
which, on healing, leave dense opaque scars. In some cases they 
perforate with consequent infection of the interior of the eye, and the 
formation of anterior polar cataracts or of unsightly bulging scars which 
often contain prolapsed ins tissue (staphylomata). 

(fa) Purulent conjunctivitis of adults is a more serious condition, 
and fairly frequently results in loss of the eye owing to the violence 
of the inflammation. 

(c) Membranous conjunctivitis. In this condition the exudate 
coagulates, forming a membrane. In the diphtheritic form of the disease 
— due to the Ivlebs-Loeffler bacillus, this membrane can only be 
separated with difficulty from the underlying conjunctiva, and leaves 
bleeding points. In the croupous form the membrane peels off more 
easily. Both these types can be produced by streptococcal infection. 

Treatment of catarrhal conjunctivitis consists in : 

(1 ) Keeping the eye as free as possible from discharge by bathing it 
three or moie times a day with boracic lotion, to which may be added 
liq. hamni. dist. (B.P.) (L drachm to the ounce). In angular conjunc- 
tivitis a lotion of boric acid and zinc sulphate (I gr. to the ounce) is 
employed. 

(2) The application of some bland unirritating ointment to the 
edges of the lids at night, e.g. ling, acid boric, in order to prevent the 
lids adhering. 

(3) The use of some silver preparation. In acute cases, silver nitrate, 
1 to 2 per cent, should be applied once daily to the conjunctival surface 
of the everted lids on a piece of cotton wool wrapped round a glass rod. 
In less acute cases, one of the organic preparations of silver, e.g. argyrol 
10 per cent, should be used in the form of drops three times daily. 

It is important not to cover the eye with a shade as this leads to 
accumulation of the secretion. Cocaine also should be avoided as it 
has a deleterious effect on the corneal epithelium. The patient should 
not be allowed to wipe her eyes with a handkerchief, but should use 
small pledgets of cotton wool which can he burnt after use, and she 
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should periodically boil any droppers, eye-cups or undines which are 
used. The possibility of an uncorrected error of refraction should be 
borne in mind in cases of chronic catarrhal conjunctivitis. 

B. Interstitial Conjunctivitis. In tills, the connective tissue layers 
of the conjunctiva are also involved. It comprises the following : 

(1) Trachoma , a contagious disease associated with the formation 
of follicles, of a gelatinous character, in the fornices and in the tarsal 
conjunctiva, and with the development of **pannus»” The latter 
consists in new vessels growing down into tlie cornea from its upper 
conjunctival margin. 

Trachoma is a disease of long duration and even under the best 
conditions the average time required for treatment is 18 months. The 
cause is not yet known. Noguchi found an organism, B. granulosis, 

Fty 5434 — Timu'i forcets for iii-rlssI'Q nucaoxtTOls follicles i\ ton* ices 
or Tilt CONJC&CTIY t. 

which he thought was the cause of the disease, but the matter is still 
subjudice , The dangers of trachoma lie in its sequelae, which comprise : 

(а) Blepharitis, often followed by trichiasis which causes ulceration 
of the cornea. 

(б) Entropion of the upper lid due to cicatricial contraction of 
the palpebral conjunctiva, symblopharon due to the same cause, and 
xerosis due to obliteration of the ducts of the main and accessory 
lachrymal glands. In this condition the cornea becomes dry and 
opaque. 

(c) Corneal opacities, due to cicatrisation of the area affected by 
pa joins and to healing of corneal ulcers. 

Treatment. In the early stages the follicles must be expressed with 
Tyrell’s forceps (fig. 2194) after free coca ill isat ion, or in children under 
a general amesthetic, a glycerine solution of Iiyd. ptrchlor. I m 1 00 
being rubbed into the conjunctiva afterward-*. \V hen the follicles he 
in the tarsal conjunctiva, they are better dealt with bv scarification 
with a Bier knife and subsequent expression 

In the later stages, daily application of a copper sulphate stick is 
made to the everted lids, combined with the ih< of a boracie and zinc 
sulphate lotion. 

Entropion is dealt with by a plastic operation, and trichiasi* by 
epilation of the mi-placed lashes or by electrolysis. 
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(2) Spring catarrh is also characterised by the formation of granula- 
tions in the conjunctiva. Two types are described : limbal in which the 
swellings occur at the corneo-scleral junction, and palpebral in which 
they are found in the lids. The disease is seasonal and tends to 
become less severe with increasing age. It is probably allergic in 
origin. Diagnosis is usually easy, since the conjunctiva is covered by a 
thin milk y film which microscopically is found to contain large numbers 
of eosinophils. 

Treatment is of little avail, though good results are sometimes 
claimed from the use of radium. The intolerable itching which is a 
feature of the disease may be relieved by acetic acid lotion (acid 
acetic dil., \ drachm to the ounce) or carbolic lotion (acid carbolic 2] grs. 
to the ounce). The wearing of tinted goggles with side-pieces is some- 
times of service in preventing access of the unknown antigenic substance 
to the eyes. 

(3) Follicular conjunctivitis. Minute pale follicles can be found in 
the lower fornix in about 50 per cent of otherwise normal children. 
The condition is one of lymphoid hypertrophy, a kin to “ adenoids,” 
and usually disappears in adolescence. Such cliildrcn are more liable to 
catarrhal conjunctivitis, and when this occurs it is treated on the usual 
lines, special attention being paid to correction of errors of refraction. 

(4) Tuberculous conjunctivitis may be associated with lupus of 
the lid or may occur as a primary infection. Two types are described : 
(o) ulcerative, in winch the floor of the ulcer is covered with greyish-red 
granulations, and ( b ) proliferative, in which a cock's comb-like mass of 
exuberant granulations is formed. The granulations should be excised 
or curetted and the general treatment for tuberculosis instituted. 

XEW GROWTIIS AND CYSTS OF THE CONJUNCTIVA 

A. Benign. These include dermoids which are found at the corneo - 
scleral margin, and pigmented mcvi which usually occur in this region 
too. The latter may develop into melanotic sarcomata. - 

B. Malignant. These are also at the limbus and may be sarcomatous 
—usually pigmented— or carcinomatous, when they are pale pink or 
greyish-white in colour. 

Treatment. If the growth is tinder 5 nun. in diameter, local removal 
and subsequent, application of radium will suffice. If larger, the 
eyeball and conjunctiva should bo removed, together with the aSected 
glands (pre-auricular and submaxillary) if enlarged. 

C. Degenerations. Pinguecula is a yellowish thickening due to 
hyaline degeneration of the bulbar conjunctiva. Its commonest 
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situation is adjoining the nasal side of the limbus. It does not usually 
develop until middle age. 

Pterygium follows prolonged exposure to hot dry wind and is 
common in Australia and South Africa. A wing-shaped fold of 
conjunctiva grows slowly over the cornea, usually from its nasal 
margin. Treatment is by operation. 

CORX’EA 

A. Anomalies of Development. The central portion of the cornea 
may be more curved ill one meridian than in the other, a condition 
which results in the production of astigmatism, or it may be so thin and 
weak that it gradually bulges forward to produce the condition known 
as conical cornea. Though the weakness is probably congenital, the 
formation of the cone is often delayed till after puberty. It causes 
great reduction of visual acuity and is usually binocular. 

B. Inflammation. Keratitis may occur with or without ulceration. 
In the former case the cause is generally local ; in the latter it is blood- 
borne. 

(1) Ulcerative Keratitis. There arc many forms of corneal ulcer 
aud the majority of them cause the following symptoms : 

(а) Photophobia (fear of light). 

(б) Pain. 

(e) hachcyination. 

(<l) Blepharospasm, i.e. spasmodic closure of the lids. 

(c) Impairment of vision. 

When the ulcer is a deep one, however, symptoms (a)-(d) may be 
quite inconspicuous owing to the fact tliat the surface of the cornea is 
the part most richly supplied with sensory nerves. The signs of corneal 
ulceration comprise : 

(а) Circumcorncal (or ciliary) injection. 

(б) The presence of some degree of opacity — not always evident 
when the ulcer affects only the epithelium. 

(c) Irregularity in the surface of the cornea, best seen by deforma- 
tion of the reflection formed by the cornea of a window (method of 
specular reflection). 

(</) Development of new vessels in the cornea — a fairly late occur- 
rence. 

(c) The occurrence of green staining after instillation of a drop of 
fluorescein solution ami subsequent washing out with boric acid lotion. 

if) In some cases, signs of accompanying conjunctivitis, iritis or 
cyclitis. 
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The common types of comeal ulcer are as follows : 

(a) Phlyctenular. Usually seen in children who have been brought 
up in unhygienic surroundings. The disease begins with tlic develop- 
ment of one or more small solid elevations at the limbus, accompanied 
by local dilatation of the vessels. These may absorb and leave no trace 
of their presence, or may break down and ulcerate forming a crescentic 
marginal ulcer or one which slowly advances towards the centre of the 
cornea, leaving a trail of vessels behind it (vascular fasciculus). 

Apart from the lirnbal form, there is also a primary phlyctenular 
keratitis in which sub-epithelial infiltrates develop in the cornea with 
resulting ulceration of varying severity. The scars left from this arc 
often responsible for marked impairment of vision. 

Phlyctenular disease is primarily allergic in nature and in a fair 
number of cases is associated with the presence in the blood of tuberculo- 
protein. In other cases it seems to be due to absorption of toxins from 
an infected scalp or from infected tonsils and adenoids, while in a third 
gioup of cases it is dependent on digestive disturbances and chronic 
constipation. Treatment is therefore primarily hygienic in character. 
Locally, the regular use of a simple boracic lotion and of yellow oxide 
ointment is of service. If there is much corneal involvement, atropine 
base 1 per cent should he added to the ointment, and dark glasses 
worn. 

(6) Ulcaation secondary to conjunctivitis. The commonest type is a 
crescentic ulcer at the margin of the cornea which is of little pathological 
importance and beak rapidly when the conjunctivitis is cured. In 
other cases minute infiltrates develop in the substance of the cornea 
near the limbus, and these frequently absorb leaving no trace of their 
presence. In gonococcal conjunctivitis the ulceration may be moic 
severe and result in perforation of the cornea. 

(c) Serpiginous nicer . This is most commonly found in the elderly 
and in association with chronic dacryo-cystitis. In such a condition the 
cornea is being constantly bathed in an almost pure culture of pneumo- 
cocci. and the slightest abrasion of its epithelium allows these organisms 
access to the substantia propria, with resulting disintegration. The 
pneumococcal toxin lias a predilection for diffusing through the cornea 
so that it exerts a chemotactic effect on the iris with resulting effusion 
of lymph and leucocytes into the anterior chamber. The sterile pus 
thus formed collects at the bottom and constitutes an “ hypopyon.” 

Treatment. In addition to the ordinary local treatment the 
presence or absence of dacryo-cystitis should be established, and if 
found, the infected sac should be removed. The patient should be put on 
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to a mixture containing h examine, and a lotion or drops of magnesium 
sulphate (half saturated solution) should he employed. 

{(1) Epithelial ulcers. These, at any rate in their early stages, 
affect only the epithelium, and comprise : 

(1) Superficial punctate keratitis, which may occur in epidemic or 
sporadic form and consists in the development of numbers of minute 
areas which stain green with fluorescein. In the early stages there is 
some associated conjunctivitis with photophobia and circumcomeal 
injection due to the keratitis. The disease is probably due to the action 
of some undetermined virus and is frequently associated with naso- 
pharyngeal catarrh. It clears up under local treatment in a period of 
six weeks or longer, some cases lasting several months. 

(ii) Dendritic ulcer is very apt to be overlooked and diagnosed as 
conjunctivitis unless fluorescein is used as a routine in the examination 
of all “ red eyes.” The ulcer then appears as a fine wavy green line with 
dendritic branches. It is due to infection of the corneal epithelium 
with the virus of herpes fcbrilis. 

(iii) Neuropathic keratitis occurs in connection with ophthalmic 
herpes zoster, particularly when vesicles have developed on the side of 
the nose, indicating involvement of the naso-ciliary nerve. In the early 
stages, small discrete or larger confluent spots may develop on the 
surface of the cornea. 

(iv) Ncurojwalylic keratitis is due to anaesthesia of the cornea and 
is therefore liable to develop after operations for relief of trigeminal 
neuralgia, e.g. alcohol injection of the Gasserian ganglion. In the 
earliest stages there is a haziness of the corneal epithelium which soon 
gives place to ulceration. The only treatment which holds out any 
prospect of success is to unite the middle two-tlurds of the upper and 
lower lids. 

(2) Non- Ulcerative Keratitis occurs in three forms : 

(a) Interstitial keratitis, due to congenital, and very occasionally to 
acquired, syphilis. It occurs between the ages of o and 1 o ami frequently 
develops in the second eye, even though the patient is already under 
treatment for the first eye. The onset may be associated with some 
slight local trauma and there are usually stigmata of congenital syphilis. 

Early signs comprise pain, photophobia, corneal haze (ground glass 
cornea) and circumcomeal in'iection. New vessels soon develop, 
the majority of which are deep in the substance of the cornea. They* 
appear to start at the limbus, have no conjunctival continuation, and 
are associated with opacity in the middle and posterior layers of the 
substantia propria. Associated with the keratitis are iritis, cycliti-* and 
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The common types of comeal ulcer are as follows : 

(a) Phlyctenular. Usually seen in children who have been brought 
up in unhygienic surroundings. The disease begins with the develop- 
ment of one or more small solid elevations at the limbus, accompanied 
by local dilatation of the vessels. These may absorb and leave no trace 
of their presence, or may break down and ulcerate forming a crescentic 
mar<unal ulcer or one which slowly advances towards the centre of the 
cornea, leavin'* a trail of vessels behind it (vascular fasciculus). 

Apart from the limbal form, there is also a primary phlyctenular 
keratitis in which sub-epithelial infiltrates develop in the cornea with 
resulting ulceration of varying severity. The scars left from this arc 
often responsible for marked impairment of vision. 

Phlyctenular disease is primarily allergic in nature aud in a fair 
number of cases is associated with the presence in the blood of tuberculo- 
protein. In other cases it seems to be due to absorption of toxins from 
an infected scalp or from infected tonsils and adenoids, while in a third 
group of cases it is dependent on digestive disturbances and chronic 
constipation. Treatment is therefore primarily hygienic in character. 
Locally, the regular u»e of a simple boraeic lotion and of yellow oxide 
ointment is of service If there is much corneal involvement, atropine 
base 1 per cent should be added to the ointment, and dark glasses 
worn 


(6) l Iceralton secondary to conjunctivitis. The conunouest type is a 
crescentic ulcer at the margin of the cornea which is of little pathological 
importance and heals rapidly -when the conjunctivitis is cured. In 
other cases minute infiltrates develop in the substance of the cornea 
near the limbus, and these frequently absorb leaving no trace of their 
presence. In gonococcal conjunctivitis the ulceration may be more 
severe and result in perforation of the cornea. 


(c) Serpigitious ulcer. This is most commonly found iu the elderly 
and in association with chronic dacryo-cystitis. In such a condition the 
cornea is being constantly bathed in an almost pure culture of pneumo- 
cocci, and the slightest abrasion of its epithelium allows these organisms 
access to the substantia propria, with resulting disintegration. The 
pneumococcal toxin has a predilection for diffusing through the cornea 
so that it exerts a chemotactic effect on the iris with resulting effusion 
of lymph aud leucocytes into the anterior chamber. The sterile pus 
thus formed collects at the bottom and constitutes an “ hypopyon.” 

Treatment. In addition to the ordinary local treatment the 
presence or absence of dacryo cystitis should be established, and if 
found, the infected sac should be removed. The patient should be put on 
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to a mixture containing hexamine, and a lotion or drops of magnesium 
sulphate (half saturated solution) should be employed. 

(d) Epithelial ulcers. These, at any rate in their early stages, 
affect only the epithelium, and comprise : 

(1) Sujyerjicial punctate keratitis, which may occur in epidemic or 
sporadic form and consists in the development of numbers of minute 
areas which stain green with fluorescein. In the early stages there is 
some associated conjunctivitis with photophobia and circumcorneal 
injection due to the keratitis. The disease is probably due to the action 
of some undetermined virus and is frequently associated with naso- 
pharyngeal catarrh. It clears up under local treatment in a period of 
six weeks or longer, some cases lasting several months. 

(ii) Dendritic ulcer is very apt to be overlooked and diagnosed as 
conjunctivitis unless fluorescein is used as a routine in the examination 
of all “ red eyes.” The ulcer then appears as a fine wavy green line with 
dendritic branches. It is due to infection of the corneal epithelium 
with the virus of herpes febrilis. 

(iii) Neuropathic keratitis occurs in connection with ophthalmic 
herpes zoster, particularly when vesicles have developed on the side of 
the nose, indicating involvement of the naso-ciliary nerve. In the early 
stages, small discrete or larger confluent spots may develop on the 
surface of the cornea. 

(iv) Neuroparalytic keratitis is due to anaesthesia of the cornea and 
is therefore liable to develop after operations for relief of trigeminal 
neuralgia, e.g. alcohol injection of the Gasserian ganglion. In the 
earliest stages there is a haziness of the corneal epithelium which soon 
gives place to ulceration. The only treatment which holds out any 
prospect of success is to unite the middle two-thirds of the upper and 
lower lids. 

(2) Non-Ulccrativc Keratitis occurs in three forms: 

[a) Interstitial keratitis, due to congenital, and very occasionally to 
acquired, syphilis. It occurs between the ages of 5 and 1 5 and frequently 
develops in the second eye. even though the patient is already under 
treatment for the first eye. The onset may be associated with some 
slight local trauma and there are usually stigmata of congenital syphilis. 

Early signs comprise pain, photophobia, corneal haze (ground glass 
com wi ) and circumcorneal injection. Xew vessels soon develop, 
the majority of which are deep in the substance of the cornea. They 
appear to start at the limbus, have no conjunctiva! continuation, and 
arc associated with opacity in the middle and posterior layers of the 
substantia propria. Associated with the kerutitw are iritis cyclitw uml 
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anterior choroiditis. The acute stage lasts usually for several months, 
after which the cornea begins to clear from the periphery. The amount 
of permanent opacity varies considerably, but in most cases, if efficient 
treatment is instituted, serviceable vision will remain. It is not uncom- 
mon for myopia to develop after an attack of interstitial keratitis. 
Treatment comprises the usual local measures and prolonged anti- 
syphilitic treatment. 

(6) Tuberculous keratitis is rather similar to interstitial keratitis, 
but usually involves only part of the cornea. There are often large 
deposits of inflammatory cells on the back of the cornea (“ mutton fat 
IC.P.”) and areas of scleritis adjacent to the corneal infiltrates. 

(c) Keratitis profunda. In this an opacity, often circular, develops 
in the deeper layers of the cornea, usually in the central area. There is 
attendant circumcorneal injection and new vessels may or may not 
develop. Some of the cases are undoubtedly tuberculous in origin, 
while others are due to focal sepsis, particularly in the nose and teeth. 

The condition may follow trauma. In addition to local treatment, 
the underlying cause must be dealt with. 

Local treatment of keratitis comprises the use of a pad and bandage, 
atropine and the local application of heat, either by an electrically 
warmed pad or by “ hot bathing.” For the latter, the patient is given 
a wooden spoon with cotton wool tied round the bowl and a pot of hot 
boric lotion (boric acid, 1 drachm to the pint). She bends her head for- 
ward, dips the bowl end of the spoon in the lotion and then holds it against 
her closed eye as hot as she can bear it. When it cools a little, she takes 
another dip and continues the process for a quarter of an hour, and then 
covers the eye with a pad of dry wool. Hot bathing is usually per- 
formed three times daily. Carbolising is often of great assistance in 
bringing about rapid healing of an ulcer, particularly when it is of the 
dendritic type. The cornea is cocainised and the ulcerated area care- 
fully dried with small pieces of blotting-paper. A pointed match-stick 
is then dipped in pure liquid carbolic and applied to the ulcer, any 
excess being carefully dried off with the blotting-paper. The eye is 
gently irrigated with some boric lotion and the lids allowed to close. 
The more severe types of ulcer demand the use of the actual cautery 
or the performance of Saemisch’s section, procedures which arc best 
left to the ophthalmologist. 

Comeal degenerations. The majority of these are rare. It should be 
noted, though, that various calcareous and pigmentary changes may 
occur at the sites of old scars, and as the aftermath of chronic inflam- 
matory processes such as irido-cyclitis, particularly when associated 
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with secondary glaucoma. Any portion of the cornea which is not 
covered when the lids are closed tends to become dry and ulcerated, 
e.g. in proptosis from orbital tumours or from extreme degrees of 
Graves* disease. 

New growths of the cornea are rare and comprise dermoids, sarcomata 
and carcinomata. They usually arise at the limbus. 

litre AND CILIARY BODY 

Congenital anomalies. Various defects in the development of these 
structures may occur, from aniridia (apparent absence of the iris) to 
coloboma iridis, in which a portion of the iris is absent, owing usually to 
some fault in closure of the foetal cleft. This is generally associated with 
a notch in the edge of the lens and a gap or coloboma in the choroid. 

Aberrations in pigmentation, if in the direction of excess, cause the 
development of melanomata and, if in the direction of deficiency, 
cause various grades of albinism, which may occur in one eye only 
(heterochromia iridis). Remnants of the fcetal pupillary membrane 
sometimes persist in the form of a few tags passing from the circulus 
iridis minor to the anterior capsule of the lens. 

Iritis and iridocyclitis may be acute or chronic and due to many causes. 
In a recent review of 118 cases the following figures wore quoted : 

22*0 per cent were of tonsillar origin. 

16-9 „ „ „ of syphilitic origin. 

12*7 „ ,, „ due to infected teeth. 

85 „ ,, „ due to combined infections. 

G 8 „ „ „ due to sinusitis. 

G-8 ,, ,, „ duo to gonorrhoea, 5-1 i>er cent being due to pro'tntic 

infection, 1-7 per cent to pelvic infection— women. 

1*7 ,, ,, ,, diabetic; while in 

1(M ,, ,. no caiw? uas found. 

These serve to show the diversity of infections which may by 
metastasis or toxaemia cause iritis or iridocyclitis, the position being 
still further complicated by the view' widely held on the Continent tb.it 
many cases are due to an allergic reaction of the iris and ciliary liody 
to the presence in the blood of tuberculo-proteiu. Also there are the 
c.tses due to direct infection by perforation of the globe owing to 
trauma, which are not included in this table. 

The t tyni]/loMs comprise : 

(1) Rain, usually circumorbital and in the distribution of the 
ophthalmic division of tlm 3tb nerve. 

(2) Dimness of vision. 

(3) Photophobia and lachrvmatiou. 
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(4) Sometimes general malaise. 

The signs are : 

(1) Ciliary or circumconieal injection, in which the redness is most 
marked near the cornea and fades away towards the fomices of the 
conjunctiva. 

(2) Contraction of the pupil, due to reflex irritation of the sphincter 
and to increased bulk of the iris consequent on its vascular andlymphatic 
engorgement. 

(3) The formation of adhesions between the iris and underlying 
lens capsule. These may be broad or narrow, their presence causing 
irregularity in the pupil margin, which is particularly evident after the 
use of a mydriatic. 

(4) Blurring of the pattern of the iris (due to its oedema) and altera- 
tion in colour — a blue iris becoming greenish, and a brown one greyish 
or yellowish in colour. 

(5) The exudation of leucocytes and sometimes of blood varies 
according to the severity of the disease, from a slight haze barely 
visible except with the comeal microscope to the formation of definite 
pus, which is usually sterile, lying at the bottom of the anterior chamber 
and called hypopyon. In very acute iritis, particularly gonococcal, 
the aqueous becomes gelatinous owing to its increased protein content. 
The same condition may also be responsible for some increase of 
intra-ocular pressure (secondary glaucoma) and the development of 
myopia. 

(6) Haze of the cornea, due to oedema of the substantia propria 
and the deposition of inflammatory products on its posterior lining 
endothelium. These, when well marked, form discrete dots, called 
keratic precipitates or K.P. Their presence usually indicates involve- 
ment of the ciliary body in the inflammatory process. 

(7) When the ciliary body is markedly involved, inflammatory 
products pass out from it into the vitreous, for min g opacities in this 
medium, and if the condition lasts for long some of the lens fibres may 
be poisoned by the toxins with resulting “ secondary cataract.” The 
lens may also have an opaque membrane in front of it, in the pupillary 
area, due to exudation from the iris. 

Course of iritis ami iridocyclitis. All grades of inflammation occur, 
as well as groat variations in the duration of the condition. In the acute 
cases all the signs and symptoms already detailed may he seen, whereas 
in a mild case of chronic cyclitis the patient may complain of mistiness 
of vision, and examination reveal merely a few spots of K.P., a little 
iris discolouration and some opacities in the vitreous. 
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Complications. The occurrence of mild secondary glaucoma from 
increased viscosity of the aqueous has already been mentioned. Glau- 
coma may, however, occur in another way ; if the iris becomes adherent 
tothe lens capsule all round the pupil margin, the aqueous which is formed 



from the ciliary' body cannot pass forwards through the pupil and escape 
through the canalofSchlcmm, and thus the intra-ocular pressure increases. 

If the adhesion be limited to the pupil margin, the rest of the iris 
will be ballooned forward by the imprisoned aqueous causing the con- 
dition known as iris bombe (see fig. 2437). In some cases, however (e.g. 
total annular synechia), the peripheral portion of the iris is also 
adherent to the lens capsule, so that it cannot bulge forwards. 



In cases where exudation has occurred into the vitreous it may 
organise into fibrous tissue and form an opaque plaque behind the 
lens. Contraction of this tissue may result in detachment of the retina, 
shrinkage of the eye as a whole (phthisis bulbi) and total blindness. 
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Treatment of Iridocyclitis. 

General. The patient should be carefully examined for anv of 
the lesious or diseases already mentioned and suitable treatment 
instituted. In syphilitic cases, treatment must not be too vigorous in 
the early stages or a Herxlieuner reaction will be produced which makes 
matters worse. It must also be continued for a long enough time to 
avoid rezidiv reactions after its cessation, [it gonococcal cases, the 
use of a vaccine is often of the greatest service, but here again its use 
must be continued for a long tune (0 to 12 months) after cessation of 
the iritis or a relapse will occur. Many patients with acute iritis are 
definitely ill. and are better kept in bed for a week or longer on a light 
diet. During tins time excretion should be stimulated by aperients, 
the use of hot-air baths, and the drinking of large quantities of bland 
fluids. Internal salicylate medication is often of great service, par- 
ticularly m cases of undetermined origin, or. if this fails, resort may be 
had to hexaimue which is said to be excreted into the aqueous. In cases 
which do not improve in spite of treatment, various other measures 
may be employed. Of these the most useful are : (1) The administra- 
tion of a series of 4 to 0 injections of saharsan or of Y.A.B., which 
often brings about marked improvement even in non-syphilitic patients. 

2) Protein shock therapy. The simplest method of employing this is 

topveasenesofomjecUonsofWcc.of sterihsed milk intothe buttock. 

Pyrexia and leucocytosis follow, and a second injection should not be 
git en until the temperature lias remained normal for 24 hours (3) Pro- 

fml'oToT Mn ;; f,UbCrtUlm ' Slarti "S -•<> very small doses, 
e.g. a millionth of a milligramme of B.E. 

Local. Atropine is used in order to set the iris at rest. If there is much 
Uchryma .on ,t is best employed in the form of ointment (1 to 2 per 
cent), and if much injection, previous instillation of adrenalin drops 
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may be necessary. In acute cases fcbe eye is covered with a pad and 
bandage, and heat applied to it either by hot bathing (see page 4534), 
by an electrically warmed pad, or by diathermy. Two leeches applied 
to the temple are often of service in the relief of pain and diminution of 
congestion, and are especially valuable in cases with increased intra- 
ocular pressure. Iris bombi demands the performance of an iridectomy, 
an operation which may also be successfully employed in cases of 
recurrent attacks of iritis. 

Cysts and new growths of the iris are of rare occurrence and need 
not be mentioned here. Traumatic lesions are described in the section 
dealing with injuries. 

PANOPHTHALMITIS 

The eye may be grossly infected with pyogenic organisms, either 
by the blood stream as in pyaemia, especially the puerperal form, or by 
infection from without, as in perforating ulcers, injuries and operations. 
In the virulent forms of infection the whole eyeball is affected. The 
cornea is hazy, the aqueous turbid, the pupil filled with exudate, and 
the lids swollen. Severe pain is felt, with chills, nausea and vomiting, 
and as the inflammation spreads to Tenon’s capsule, proptosis develops. 
Eventually the eye ruptures, either through the sclera or the cornea, the 
pus escapes and the pain subsides, the ball in about six weeks becoming 
soft, sightless and shrunken. In less virulent infections the process 
may be localised to the aqueous chamber or to the vitreous, but the end- 
result is frequently a blind, useless eye. Sympathetic disease of the 
fellow eye is fortunately not met with in cases of suppurative ophthal- 
mitis, so that simple evisceration of the affected eye may he performed, 
while if the surrounding orbital tissues also are involved an incision into 
them may 1>c necessary. If the infection is still limited to the eyeball, 
however, enucleation is probably the best procedure. 

TUB LENS 

Apart from traumatic conditions, cataract is the only change in the 
lens which calls for notice. Numerous varieties of lens opacity have 
been described, of which the following are the most important : 

(1) Congenital and Infantile. («) Punctate, in which there are 
numerous ** milk dots ” in the lens Mib>tance, especially near the peri- 
phery. The condition is due to defective development of jrortions of 
lens fibres, whereby they are opaque instead of transparent, ft usually 
remains the same throughout life, and is of no pathological significance. 

(6) Lamellar, zonular, or pcri-nuclcar. In this, the defect has been 
more extensive, and one or more complete layers of lens matter are 
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elderly people to dispense with reading glasses (so-called “second' 
sight ”). 


Congenital Anomalies. THE c,,OSOID 

(1) Coloboma of the choroid. In this the choroid, usually in the 
region of the foetal ocular cleft, does not develop. The sclera is thus left 
bare, and appears with the ophthalmoscope as a large white patch, 
usually below the disc. In rare cases the whole choroid is absent 
(clioroidoremia). 

(2) Melanomata appear as black or brown masses of varying size. 
They should be watched, particularly after middle age, in case 
malignant change supervenes. 

(3) Albinism is associated with absence of choroidal pigment 
and of the retinal pigment layer. The choroidal vessels are therefore 
conspicuous. 

choroiditis 


Being anatomically continuous with the iris and ciliary body the 
choroid is liable to infection from the same sources (see page 4535), 
though the percentage incidence is not quite the same, the commonest 
invading organism being the spirocluete. 

Choroiditis, if it lasts for any length of time, nearly always involves 
the overlying retina, producing the condition known as choroido- 
rctinitis. It occurs in various forms, the two main groups being acute 
suppurative (see Panophthalmitis, page 4539), and sub-acute or chronic. 
In the latter the lesion, or lesions if localised, may be central (i.e. near 
the posterior pole of the eye) or peripheral, or they may be disseminated, 
i.e. spread widely over the fundus. Choroiditis is therefore divided 
into the following types : 

(1) Disseminated, in which small areas are formed all over the 
fundus. 

(2) Diffuse, where there are large ureas of exudate with ill-defined 


margins. 

(3) .Juxta-pupillaris, where the focus of inflammation is adjacent 
to the disc margin. 

(4) Anterior, where the foci are in front of the equator of the 


(3) Central, which includes a variety of conditions not really due 
to choroiditis at all, e.g. the development of hyaline thickenings in the 
membrane of Bruch — the so-called Tay s choroiditis, and the atrophic 
changes occurring as a result of myopia. Apart from these, however, 
fine pigmentary changes do occur in the macular region of the choroid 
as a result of foc.i ! infection in the old and middle-aged and cause 
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opaque. It is usually associated with horizontal ridges in the permanent 
teeth, due to a defect in development of tile enamel organ, and with a 
history of fits in infancy. 

(c) Capsular cataracts which may be anterior or posterior, the latter 
due to persistent remnants of the central hyaloid artery, the former to 
remnants of the pupillary membrane or to the perforation of a corneal 
ulcer in infancy. 

(2) Senile. These are rare before the age of 50, and are bilateral, but 
usually affect one eye more than the other. The opacity may begin in 
various ways, of which tbe commonest are the development of radial 
stri* in the peripheral lens cortex and the presence of dots and 
vacuoles in the pupillary area of the lens. The opacity gradually 
increases until the whole lens becomes opaque and milky white. 

Black cataract is of rarer occurrence, and has a different pathology, 
being due to excessive sclerosis of the lens with development of a 
brownish pigmentation owing to oxidation of its tyros in. 

(3) Diabztk cataract is indistinguishable clinically from the senile 
form, and for this reason all cases of cataract should be examined for 
glycosuria 

(4) Complicated cataract is seen in association with prolonged 
iridocyclitis, choroiditis and glaucoma, and in some cases of high 
myopia and of retinal detachment. 

The opat rtv commonly begins near the posterior pole of the lens. 

Treatment of Cataract. The majority of cases require operation, 
but this should not be performed until the vision of the better eye is 
6 *24 or W. In lamellar and other forms of central cataract, visiou 
maj be materially improved by dilatation of the pupil. In such cases 
atropme drops may be ordered after a preliminary trial with 
homatropine, but the patient should be watched in case glaucoma 
supervenes. 

With modern methods it is not necessary to wait for maturity 
of the cataract before operating. The pupil, however, should react 
to light and the patient should be able to tell the direction of a light 
shone into the eye when its fellow is covered. 

Many cases of cataract do not become perceptibly worse over a 
period of many years, and tbe presence of a few peripheral stride in 
tbe lenses of patients over the age of 70 is so common as to be almost 
physiological. For this reason it is unwise to tell a patient that; she 
has cataract unless it is producing material depreciation of vision. 

Common early signs of the disease arc monocular diplopia or 
polyopia and the development of myopia. The latter will often enable 
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elderly people to dispense with reading glasses (so-called “second- 
sight ”). 

Congenital Anomalies. 11181 CHOBOID 

(1) Colobonia of the choroid. In this the choroid, usually in the 
region of the foetal ocular cleft, does not develop. The sclera is thus left 
bare, and appears with the ophthalmoscope as a large white patch, 
usually below the disc. In rare cases the whole choroid is absent 
(choroidoremia). 

(2) Jlelanomata appear as black or brown masses of varying size. 
They should be watched, particularly after middle age, in case 
malignant change supervenes. 

(3) Albinism is associated with absence of choroidal pigment 
and of the retinal pigment layer. The choroidal vessels are therefore 
conspicuous. 

CHOROIDITIS 

Being anatomically continuous with the iris and ciliary body the 
choroid is liable to infection from the same sources (see page 4535). 
though the percentage incidence is not quite the same, the commonest 
invading organism being the spirocluete. 

Choroiditis, if it lasts for any length of time, nearly always involves 
the overlying retina, producing the condition known as choroido- 
retinitis. It occurs in various forms, the two main groups being acute 
suppurative (see Panophthalmitis, page 4539), and sub-acute or chronic. 
In the latter the lesion, or lesions if localised, may be central (i.c*. near 
the posterior pole of the eye) or peripheral, or they may be disseminated, 
i.e. spread widely over the fundus. Choroiditis is therefore divided 
into the following types : 

(1) Disseminated, in which small areas are formed all over the 
fundus. 

(2) Diffuse, where there are large areas of exudate will) ill-defined 
margins. 

(3) Juxtu-pupill.iris, where the focus of inflammation is adjacent 
to the disc margin. 

(4) Anterior, where the foci are in front of the equator of the 

*y«- 

(5) Central, which includes a variety of conditions not really due 
to choroiditis at all, e.g. the development of hyaline thickenings in the 
membrane of Bruch — the so-called 'fay’s choroiditis, and the atrophic 
changes occurring as a result of myopia. Ajurt from thews however, 
fine pigmentary changes do occur in the macular region of the choroid 
as a result of focal infection m the old and middle-aged and sum 

«uuiii.- 2 i* 
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considerable impairment of vision, while a similar lesion may occur in 

syphilis. . . 

If oue looks on choroiditis from the astrological aspect : 

(1) Syphilis may cause a variety of lesions, but the commonest is 
the disseminated type in the acquired disease and a widespread diffuse 
choroido-retinitis in the inherited form. This bears a close resemblance 
to pigmentary degeneration. After an attack of interstitial keratitis 
it is not uncommon to find large masses of pigment in the anterior part 
of the choroid. 

(2) Focal infection usually produces large solitary patches of 
choroiditis, sometimes of the juxta-pupillaris type, particularly when 
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the source of the infection is tonsillar. Infection from the teeth and 
from the colon is a fairly frequent cause of choroiditis in the macular 
region. 

(3) 1 uberculosis, as in other parts of the body, may produce miliary 
or conglomerate lesions. The former are seen in the terminal stages of 
tuberculous meningitis, while the latter may assume large dimensions 
and protrude forwards into the vitreous simulating a neoplasm. Accord* 
mg to Continental observers, disseminated choroido-retinitis is more 
commonly tuberculous than is usually suspected. 

Symptoms of Choroiditis. Pain is absent, and the patient may com- 
plain of nothing but defective vision, and may not even notice this if the 
lesions are peripheral. In other cases, irritation of the retina overlying 
the focus of inflammation causes the appearance of flashes of light, 
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and displacement of the retina, with an apparent distortion of objects 
(metamorphopsia). Floating spots arc frequently seen, due to the 
formation of opacities in the vitreous. 

Signs of Choroiditis . The whole fundus may be veiled and indistinct 
owing to the presence of exudation in the vitreous. With a -f- 12 lens 
in the ophthalmoscope, dots forming a fine haze may be visible or larger 
individual opacities may be seen. The patch of choroiditis itself appears 
yellowish in the early stages, and has an ill-defined margin ; a retinal 
vessel, if it happens to pass over the patch, can often be seen to be 
pushed forward by the underlying swollen choroid. In the later stages 
cicatrisation occurs with resultant fibrosis and obliteration of choroidal 
vessels. The patch therefore appears a brilliant white, with possibly a 
few of the larger choroidal vessels coursing over it (fig. 243$). It is 
bordered by pigment, since the retinal pigment in these cases acts as a 
foreign body, and is carried to the edges of the patch of inflammation 
by phagocytic cells. 

NEOPLASMS OF THE CHOROID 

(1) Melanoma appears ophthalmoscopically as an oval dark patch 
with a well-defined margin, and does not increase iu size. It is non* 
malignant. 

(2) Sarcoma. This is an intensely malignant neoplasm. It contains a 
varying amount of pigment, and has a strong tendency to dissemination 
by the blood stream, with the production of metastatic growths most 
frequently in the liver. Direct extension to the orbit, brain or meninges 
may occur, but is less common. Metastasis via the blood stream 
may take place before there is any visible perforation of the eye by the 
growth. The importance of early removal is therefore evident, hut, in 
spite of this, metastasis is avoided in only about 30 per cent of cases. 

The tumour most frequently develops between the ages of 50 and 
00, though cases as young as 14 have been recorded. It begins as a 
flat localised swelling of the choroid, which develops most commonly 
ill the posterior portion of this membrane. It soon becomes more 
spherical, and frequently penetrates Bruch's membrane, assuming a 
mushroom shape. 

Signs and Symptoms are grouped into four stages : 

(I ) The quiit period. The patient may complain of defective vision 
with metamorphopsia owing to deformation of the retina. On examina- 
tion with the ophthalmoscope, a portion of retina is observed to he pushed 
forward and beneath it, and a brownish mass may be seen covered by 
irregular choroidal vessels. In a fair proportion of cases large a re. us of 
retina become detached by serous exudation from the choroid, due 
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to the growth causing vascular engorgement. Diagnosis at this period 

is all important, but may be very difficult. 

(2) The glaucomatous period. The symptoms of acute glaucoma 
supervene (see page 4549), and ophthalmoscopic examination is 
impossible through the hazy cornea. For diagnosis reliance must be 
placed on the history. If blindness occurred before the onset of the 
glaucomatous symptoms there is a strong suspicion of a growth being 
present. In a recent survey of cases of acute glaucoma it was found that 
no less than 10 per cent were due to sarcoma of the choroid. This 
possibility should therefore be borne in mind in all cases of acute 
glaucoma. 

(3) The extra-ocular period. In this the sclera ruptures or per- 
meation occurs along the walls of the blood-vessels penetrating the 
sclera. 

(4) The period of metastasis This need not be delayed until late, as has 
already been mentioned. Since these growths contain numerous blood 
spaces formed by a single layer of endothelium, it is not surprising that 
emboli of malignant cells can pass from them into the general circulation. 

Treatment consists in excision of the eye. 

THE RET1XA 

Retinitis. 

The majority of retinal diseases are of medical rather than of 
surgical interest, and are therefore not described here. The retina, as 
explained ou page 4341. is usually involved in cases of choroiditis, but 
a pure retinitis can occur in some cases of syphilis in which yellowish 
white spots develop with dust-like vitreous opacities and degenerative 
changes in the blood-vessels. 

In the diffuse type of choroido-retinitis which occurs in some cases 
of congenital syphilis the retiual changes are mainly degenerative. The 
pigment becomes broken up, forms masses shaped like bone-corpuscles, 
and sometimes mantles the veins. The retina shows small white areas 
{ pepper and salt retina), the fundus reflex as a whole becomes 
yellowish, the vessels contract, and the disc becomes a waxy yellowish- 
white. 

Detachment of the Retina. 

Except at the disc and ora serrata, the retina merely lies in contact 
v.,th the pigment epithelium, and has no attachment at all Anything 
winch causes a hole in the retina may therefore lead to its detachment 
by allowing the vitreous to herniate through and occupy the sub-retinal 
space. 
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Detachment is thus commonest in myopes, in whom the retina is 
under tension. It frequently occurs as the result of a blow, but in some 
cases there is no history of previous trauma, and in these cases the hole 
is often in the periphery, and is due to rupture of one of the retinal 
cysts which frequently develop there. 

Shrinkage of the vitreous in old iridocyclitis also brings about retinal 
detachment, but the condition is of little surgical importance since the 
eye is already blind. It may also follow the operation of ** needling,” 
particularly when this is done for removal of the lens in cases of high 
myopia. 

Retinal detachment can be brought about in another way, namely, 
by exudation of fluid into the sub-retinal space. Such a condition occurs 
in severe nephritis, particularly when due to pregnane)', and in cases 
where there is haemorrhage between the retina and choroid. A sarcoma 
of the choroid will, of course, push the retina forward and cause an 
apparent detachment, to be followed perhaps by a real one. 

With the ophthalmoscope the vessels on the detached portion of 
retina appear almost black, and are visible with a higher convex lens 
than the rest of the fundus. The vessels have a wavy outline, owing to 
the presence of folds in the retina, while the membrane itself may be an 
opaque white, though in early cases it is often transparent. When the 
patient moves her eye the retina is seen to float about. On careful 
examination a hole can often be seen, showing a redder reflex than its 
surroundings. If the field of vision be examined, an area of blindness 
will be found corresponding with the site of the retinal detachment. 
The diagnosis of a simple (i.c. serous) detachment from a malignant 
detachment (i.e. due to sarcoma of the choroid) may he very difficult. 
Points in favour of a simple detachment are : 

(1) The presence of vitreous opacities. 

(2) The retina floating about on movement of the eye. 

(3) The presence of a hole. 

(4) Lowering of intra-ocular pressure. 

Treatment is by operation which aims at sealing the hole in the retina 
and allowing the escape of the sub-retinal fluid (cure may now be 
obtained in something like 50 per cent of cases). 

-Yew Growth*. 

The most important new growth is the so-called tjhumn, more 
accurately termed neuro-epithelioma retina*. This is a highly malignant 
tumour developing during infancy, usually before the age of three 
years. It may affect only one eye, but is bilateral in 20 jkt cent of 


cases. 
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The earliest sign is the appearance of a white reflex in the baby’s 
pupil, due to the vitreous being filled with growth. This can be 
examined with the ophthalmoscope, when it is often found to have 
haemorrhages on its surface, and if the growth develops from the outer 
surface of the retina (“ glioma exophytum *’) the retinal vessels may be 
seen. 

Diagnosis has to be made from pseudo-glioma, i.e. a non-malignant 
mass of fibrous tissue of inflammatory or congenital origin, behind the 
lens. In the second stage the eye becomes painful owing to the develop- 
ment of secondary glaucoma, and the child is constantly crying. 

In the third stage extra-ocular extension occurs along the optic 
nerve and at the limbus, while m the fourth stage metastatic extension 
occurs in the brain and skull bones. 

In contra-distinction to sarcoma of the choroid, distant metastases 
are rare. 

Treatment is by remo\al of the eyeball. If histological examination 
shows extra-ocular extension, the whole orbit should be exenterated 
and radium applied subsequently. 

In bilateral cases, in order to avoid removal of both eyes, the eye 
with the smaller growth may be treated with radium. The most satis- 
factory method is probably the implantation of radon seeds through the 
sclera into the growth. 

optic xebve 

Various congenital malformations may occur, of winch the most 
important is medullation of the intra-ocular nerve fibres (“ opaque 
nerve fibres "). This produces a striking appearance with the ophthal- 
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moscope (see fig. 2433), and may cause a mistaken diagnosis of an hta- 
rn atory condition. The affected area is nsnally at the margm of the disc, 
is dense wlnte, has a feathery edge, and partially obscures the vessels. 
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Papillaxlema, or choked disc, is a condition occurring in the optic 
disc as a result of increased pressure in the subdural space of the nerve. 
It was at one time termed optic neuritis, an erroneous designation, 
since histological examination shows signs only of oedema and not of 
any inflammatory change. The pathology of the condition can be best 
explained by reference to figure 2439. It will be seen that increased 
pressure in the subdural space of the optic nerve will cause interference 
with the venous and lymphatic return from the disc, which itself is not 
subjected to any increased compression, since the intra-ocular pressure 
remains unaltered. The result of this is that the disc becomes swollen 
and cedeniatous. It therefore protrudes forwards into the vitreous and 
also swells laterally, often producing circular folds in the retina, which 
arc concentric with the disc margin. In the classical description 
of papillcedema, the following stages are recognised with the 
ophthalmoscope : 

(1) Blurring of the upper and lower margins of the disc. 

(2) Engorgement and tortuosity of the veins, with blurring which 
spreads down the nasal side of the disc. 

(3) Blurring of the whole disc margin, swelling of the disc itself 
(shown by the details being visible with a higher convex lens than the 
rest of the fundus), occurrence of lucmorrhagcs in about 30 per cent of 
cases, occurrence of circular folds in the retina round the disc margin, 
and development of softish white and of stippled areas owing to swelling 
and varicosity of nerve fibres. 

(4) In some cases where the oedema has develoi>ed very rapidly, 
the formation of a macular fan (see fig. 24 tO). 

(5) Overgrowth of neuroglial tissue with subsequent shrinkage 
causing compression of the blood-vessels and nerve fibres with conse- 
quent optic atrophy. 

l’apillmdema is found in about 80 per c ent of all cases of cerebral 
tumour, and of the 20 per cent in which it does not occur the majority 
are tumours of the {ions or of the centrum ovale. It may also fail to 
develop if the tumour should cause blockage of tin* narrow commumcn' 
tion between the svd>dural spaces of the brain and optic nerve. Such 
a condition may occur in tumours of the pituitary region, of the frontal 
lobes, and of the thin! ventricle. In these the optic disc may show a 
slowly increasing degree of pal’or without any erdema, or if the block 
occurs on only one side, the disc on this side develops pressure ntrophv, 
while on the other side it becomes < edematous. 

Optic Set iritis. The majority of these cases are of medical rather 
than of surgical interest, hut it is noteworthy that both syphilis and sinus 
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infection {particularly sphenoidal) may cause inflammation of the retro- 
ocular portion of the optic nerve, with resulting diminution of vision 
and development of a central scotoma for colours. Such a scotoma is 
also sometimes seen in pituitary tumours when they are growing rapidly, 
though the most characteristic lesion in these cases is loss of part or 
whole of the temporal fields of vision. 

Optic Atrophy. The characteristic ophthalmoscopic change in this 
condition is pallor of the optic disc, due to diminution in blood supply 
and increase in connective tissue. Optic atrophy may arise from a 
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variety of diseases and is best classified according to the site of the 
causative lesion which may be : 

(1) Retinal, 

(2) In the disc. 

(3) Rctro-ocular. 

Examples oflesions producing ( 1 ) nre widespread choroido-retinitis 
and extensive retinal atrophy: (2) papillcedema, papillitis, glaucoma 
and high myopia; (3) trauma, pressure by tumours, and spread of 
inflammation from the meninges. 

-Yeiii Groulhs of the Optic Nerve. 

These are only slightly malignant and are divisible into : 

( 1 ) Extra-dural; usually endotheliomatous, but occasionally sar- 
comatous. 

, (2) Ivlra-tlttml ; endotheliomatous, fibromatous and sometimes 
ghomatous, i.e. a generalised overgrowth of neuroglial tissue of an 
lnmtrative character. 
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The optic nerve may, of course, be involved secondarily by spread 
of growths from the eye (neuro-epithelioma of the retina, sarcoma of 
the choroid) or brain. 

The signs and symptoms of a neoplasm of the optic nerve are : 

(1) Proptosis, usually straight forwards, the mobility of the eye 
remaining unimpaired for some time. 

(2) Gradual loss of vision, occurring earlier in intra-dura] than in 
extra-dural cases. 

(3) Progressive hypermetropia owing to shortening of the eye by 
pressure from behind. 

Diagnosis is often difficult since gumma ta and other chronic 
inflammatory masses in the orbit may produce a clinical picture very 
closely resembling that seen in new growth of the optic nerve. 

Treatment consists in removal of the tumour. Resection of the 
outer wall of the orbit by Kronlein’s method or one of its modifications 
will sometimes allow this to be done without sacrificing the eye. 

GLAUCOMA 

This is a generic term covering a group of eye conditions in which 
the intra-ocular pressure is higher than normal. The condition is called 
primary when it arises without any other lesion being present, and 
secondary when it is due to some coexisting pathological condition. 

Primary Glaucoma may be acute (congestive), sub-acute or chronic 
(noil-congestive or simple). 

The pathogenesis of primary glaucoma is not yet definitely known, 
and it is probable that acute and chronic glaucoma are aetiologically 
separate diseases. 

At first sight one would expect that anything which interfered with 
the normal drainage of the aqueous through the pectinate ligament into 
the canal of Schleinin would cause a rise of intra-ocular pressure. That 
this is so is shown by the observation that glaucoma is a disease of 
middle or of old age, and is commoner in hypennetropes or in those with 
a small cornea. Owing to the progressive growth of the lens throughout 
life it comes to occupy more and more space as the patient becomes 
older, and the smaller the cornea the more this encroachment is felt. 

If an eve which has been excised for glaucoma is examined patho- 
logically it will nearly always be found that the root of the iris has been 
pushed forward so as to cover the openings into SchlctumVt canal at 
the angle of the anterior chamber (sec fig. 2112). In acute glaucoma this 
is usually due to swelling of the ciliary processes encroaching on the 
posterior eh imber of the eye and so pushing the root of the iru> foriv.ird. 
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whereas in chronic glaucoma it may be due to swelling of the vitreous 
which pushes the whole iris and lens forward as a sort of diaphragm. 
Recent work seems to show that the determining factor in a case of acute 
glaucoma may he the presence of some histamine- like substance in the 
blood which has an endothelio-toxic effect. The endothelium lining 
the blood-vessels in the ciliary body acts normally as a semi-permeable 
membrane, so that the intra-ocular pressure represents roughly the 
osmotic pressure of the proteins in the blood. When this property is 
interfered with, the pressure of the aqueous approximates more nearly 



to the general blood-pressure, in addition to which there is severe oedema 
of the ciliary processes. 

Symptoms of Acute Glaucoma. 

(1) Pain of trigeminal distribution, ofteu associated with vomiting 
which may be sufficiently severe to simulate an abdominal emergency. 

(2) Impairment of vision ; this is very marked and the patient may 
not be able to do more than perceive hand movements. Owing to 
corneal haze she sees a halo round lights. 

Signs of Acute Glaucoma. 

(') of th e eye as estimated by digital palpation. The 

normal mtra-ocular pressure is in the region of 25 mm. Hg. but in 
acute glaucoma it may be 90 mm. Hg. 

( 1 ) Corneal haze, due to oedema of the epithelium and unequal 
traction on the lamella! constituting the substantia propria. 
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(3) Congestion of the conjunctiva, most marked near the limbus. 

(4) Shallow anterior chamber. 

(5) Dilatation of the pupil which is often oval. 

The above signs and symptoms are seen in the fully developed form 
of the disease. It is not uncommon for the patient to have prodromal 
attacks first, with less marked symptoms, of which one of the most 
important is the appearance of haloes round lights. 

Symptoms of Chronic Glaucoma. 

This may be a very insidious disease and escape notice until irre- 
parable damage has been done, at any rate to one eye. The patient 
may complain only of gradual diminution of sight frequently associated 
with temporary attacks of blurred vision and the presence of coloured 
haloes round lights at night, unassociated with any congestive pheno- 
mena unless the disease passes over to the acute or congestive form. 

Signs. Some or all of the following may be present : 

(1) Dilatation of the anterior ciliary veins. 

(2) Shallowness of the anterior chamber and enlargement of the 
pupil. 

(3) Increase of intra-ocular pressure ; this may not bo present during 
the time the patient happens to be examined. 

(4) Cupping of the disc. The lamina cribrosa being the weakest 
part of the ocular tunic is the first to yield to increased pressure and 
becomes displaced backwards. The amount of cupping depends on 
several factors (e.g. the strength of the lamina cribrosa or the duration of 
the disease} and is therefore variable. It is associated witli pallor of the 
disc, and if during the time of ophthalmoscopic examination the pressure 
is raised to a point higher than the diastolic pressure in the central 
retinal artery, this vessel will be seen to pulsate. A similar pulsation 
may occur apart from glaucoma if the diastolic pressure is low, as in 
aortic regurgitation. 

(3) Visual field changes. These arc of the utmost importance in 
diagnosis. The earliest sign is usually enlargement of the blind spot, 
a sickle-shaped extension developing from its upper or lower margin or 
from both margins, while the peripheral field is first atlected in the 
upper or lower nasal quadrant. Later, the temporal portion becomes 
uifected too. Good central vision may he retained until quite a late 
stage of chronic glaucoma — a point of considerable importance from 
the diagnostic standpoint. 

Treatment of Acute Glaucoma. 

These eases usually require the performance of a wide iridectomy, 
which lias the double effect of reopening the angle of the anterior 
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chamber and sometimes of providing a leaking scar through which 
aqueous can percolate. If operation is performed at once, however, 
there is a grave danger of losing the eye, since in performing it the 
intra-ocular pressure is suddenly reduced. This may result in a large 
and destructive intra-ocular haemorrhage. The following regime is 
therefore advisable : Send the patient to bed, give her a sharp purge, 
apply two leeches to the temple on the side of the affected eye and 
instil into this eye a solution of eserine 1 per cent in ol. ric., every 
half-hour for two hours and then two-hourly. It is well to put a drop 
into the unaffected eye too. Fomentations may be applied and, if 
the pain is severe, morphia should be given. In the abseuce of marked 
hyperpiesis a single intravenous injection of hypertonic saline (50 cc. 
of a SO per cent solution, given by funnel and tube over a period of 10 
minutes) may be of great assistance in reducing intra-ocular pressure. 
After 12 to 24 hours of treatment it will usually be safe to perform 
iridectomy under a general anesthetic. 

Treatment of Chronic Glaucoma. 

This is either by myotics or operation. The purpose of the former is 
to keep the pupil contracted, thus opening up the angle of the anterior 
chamber and increasing the absorbing surface of the iris. The purpose 
of the latter is to provide a fistula through which the aqueous can drain 
away mto the sub-conjunctival space. Numerous operations have been 
devised for this purpose, corneo-scleral trephining being the one most 
commonly employed. 

With regard to myotics, pilocarpine (1-1 per cent in water) may 
be used once or more in the twenty-four hours according to the severity 
of the case, and if this does not prove efficacious eserine (j— 1 per cent 
in water or oil) should be employed. The patient must be carefully 
watched for decrease in size of the visual fields and of degree 
in visual acuity, and also for increase of cupping. If any of these 
should occur, myotic treatment must be discontinued and operation 
performed. 

Infantile Glaucoma. 

Congenital malformation of the canal of Schlemm or of the pectinate 
ligament, or the occurrence of peripheral anterior synechke in infancy 
prevents drainage of the aqueous and leads to glaucoma. Since the 
cornea and sclera are distensible in infancy the eye undergoes a uniform 
enlargement, so that it comes to resemble that of an ox, the condition 
being called buphthalmos. 

ComeO'ScIeral trephining holds out the best chance of cure, though 
the operation may have to be repeated several times. 
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Secondary Glaucoma. . . 

This may arise from many different causes, of which the following are 

the most important : 

(1) Perforating wounds or ulcers of the cornea. 

(2) Increased viscidity of the aqueous, e.g. in certain cases of intis 
and after injury to the lens. 

(3) Annular synechia of the iris (see page 4537). Aew growths of 

the root of the iris or of the ciliary body. 

(4) Swelling of the lens, as occurs in some cases of senile cataract, 

also dislocation of the lens. 

(5) Large intra-ocular haemorrhages. 

(G) New growths of the retina or choroid. 

Treatment of secondary glaucoma must obviously be directed to 
the causative condition. In cases where the eye is irremediably blind 
and painful, it is better excised. 

INJURIES TO THE EYE 

Some of these have already been described ; the following, however, 

tC " The'Iwelling and discolouration of the lids after a blow 

on the eye are sufficiently well known to need no description. If seen 
early, the application of a small ice-bag or of evaporating lot, on may 
limit the amount of swelling. Lead lotion should never he used if there 
is any suspicion of injury to the cornea because of the danger of produc- 
i„„ a permanent opacity. Extravasation of blood into t ie upper hd 
may occur some hours after a head injury particularly ,f the skull has 
been fractured, if fracture of the orbital wall him occurred, surgical 
emphysema ,„av develop in the lids owing to communication with one 
of the sinuses.’ In such cases the patient should be warned not to 

’’’l! examining a case of injury to the lids the possibility of a perforat- 
ing wound of the eye should always be borne in mind. 

For iniuries of the conjunctiva see page . 

Cornea. The commonest type of cornea injury » due to the 
p . • j i,. *i 10 nre*cnce of which nuj lie easily 

lodgment o a ore, gi^ ^ K ; th a loupe and oblique 

illmiihution. In cases of doubt the following points may be of 

““mTbe history — if the patient complains of a "pricking" pain 
i, verv likclv tu be some corneal injury . 

(2) Commotion of the pupil in the affected eye, and the presence of 
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some cireum comeal congestion often at a point on the limbus nearest 
to the foreign body. 

(3) The effect of fluorescein, which gives a green stain to any portion 
of the cornea where the epithelium has been damaged. 

(4) Distortion of the reflection formed by the cornea of a window. 

Treatment. The eye should be cocainised (2 or 3 drops of 4 per cent 

cocaine at 3-minute intervals) and an effort made to wipe off the 
foreign body with some cotton wool wound round the end of a glass 
rod and dipped in boric lotion. If this fails, a discission needle will 
have to be used, the surgeon looking through a “ loupe ” (see fig. 2430) 
under good oblique illumination, as otherwise unnecessary damage may 
be done to the cornea. A drop of oily homatropine and cocaine (equal 
parts 2 per cent) should then be instilled and the eye bandaged. A pad 
should be kept on for 24-48 hours and the patient instructed to bathe 
her eye with boric lotion night and morning for the next few days. It 
is also advisable to put a drop of parolene into the eye every night during 
this period. 

If the foreign body is at all deeply placed in the cornea, its removal 
should not be attempted except by an ophthalmic surgeon, as the 
foreign body may shp through into the anterior chamber and its removal 
necessitate the performance of an intra-ocular operation. 

Injuries to the globe of the eye may be penetrating or non-penetrat- 
ing. In the latter, the following conditions may occur : 

(1) Abrasion of the comea — shows up green with fluorescein and 
usually heals over in a few days. Atropine and a pad and bandage are 
of service in relief of pain and promotion of rapid healing. 

(2) Permanent enlargement of the pupil owing to radial tears through 
the sphincter iridis. Sometimes the tear occurs at the periphery of the 
iris, producing “ irido-dialysis ” with a consequent D-shaped pupil, 
owing to the detached portion of iris being pulled down. Both these 
conditions are liable to be associated with haemorrhage into the anterior 
chamber and sometimes with “ blood-staining ” of the comea. 

(3) Affections of the lens. Rupture of the suspensory ligament, 
according to its extent, will cause partial or complete dislocation of 
the lens. In the former event, even though the lens is still present in 
the pupil, the power of accommodation is lost, and if the lens margin 
should happen to cross the pupil, monocular diplopia may occur. 'When 
the lens is completely dislocated it usually falls back into the vitreous 
where it may be left unless glaucoma supervenes, which is not an un- 
common event. If the lens passes into the anterior chamber, glaucoma 
is almost certain to occur and necessitate a somewhat hazardous opera- 
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tion. Traumatic cataract may occur apart from any perforation, 
and usually manifests itself first at the posterior pole of the lens. 
In some cases the opacity clears up, but in others it remains or spreads 
to involve the whole lens. A ring of fine dots sometimes appears on the 
anterior capsule (Vossius’ ring) and usually disappears in a week or two. 

(4) Affections of the vitreous. The occurrence of haemorrhage into 
the vitreous is common after a blow on the eye. It absorbs slowly, but 
if extensive, may organise into fibrous tissue. 

(5) Retina. If a tear occurs in this membrane, detachment may 
follow (sec page 4544). Milder degrees of in j ury comprise the occurrence 
of iuemorrhages and of (edema. The latter is known as “ commotio 
retina; ” and usually develops at the posterior pole of the eye, causing 
marked impairment of vision. This, however, lasts only a few days, 
after which the eye regains its normal visual acuity, unless a “ hole ” 
has developed at the macula. The pathology of this condition is still 
obscure, but its effect is to abolish foveal vision and so reduce 
acuity. 

(0) The choroid is more vulnerable than the retina, and it is not 
uncommon to find tears in it when the overlying retina is intact. Such 
tears are usually concentric with the disc margin and are often found 
between it and the macula. In the early stages they may be concealed 
by blood, but later on they show up as atrophic white or yellowish-white 
areas, with possibly some pigmentary disturbance. 

Detachment of the choroid is seen more commonly after operations 
for glaucoma and cataract than after injuries. The detached portion 
appears ophthalmoscopically as a dark mass and usually goes back into 
position in the course of a week or two. 

Treatment. Rest in bed, and the application of a pad and bandage, 
and possibly ot a cold compress, arc advisable. Atropine is also of 
help in keeping the eye at rest. 

Perforating injuries are divisible into two classes : 

(1) Without retention of a foreign Inxig. As already explained, the 
commonest site for a rupture of the globe is at the upper and inner 
quadrant of the limbus. In such cases the iris will probably be pro- 
lapsed into the wound and the lens may be dislocated towards the 
wound too, or even expelled from the eye altogether. Such cases are 
serious, not only to the injured eye, but on account of the risk of sym- 
pathetic ophthalmitis (see juge 4557), and require operative treatment. 

Small corneal wounds heal readily but leave an ojuque scar, which 
may be of no consequence unless it involves the pupillary area. If 
the iris has prolapsed into the wound, as shown by irregularity of the 
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pupil margin and tlie presence of a dark area in the scar, operative 
measures are urgently needed to remove tlie incarcerated iris. 

Sometimes an eyelash is driven into the anterior chamber where the 
cells at its base may continue to grow and form an epithelial “ pearl.” 
If the lens is wounded, traumatic cataract develops, which may remain 
localised or become complete according to the time taken for the rent 
in the capsule to close. Penetrating injuries further back are often 
associated with escape of vitreous, and with prolapse of the ciliary 
body or choroid. 

Such injuries may again form the starting-point of sympathetic 
ophthalmitis. 


If micro-organisms are introduced into the eye at the time of the 
injury, all grades of inflammation may occur from a mild iritis to 
panophthalmitis. Other things being equal, the anterior part of the eye 
is more resistaut to infection than the part which contains the vitreous. 

Treatment of these cases calls for considerable judgment and experi- 
ence. On the one hand, if the eye is retained, binocular blindness may 
eventually result from sympathetic ophthalmitis, while, on the other 
hand, an eye which may later become quite a useful organ of vision may 
be unnecessarily sacrificed by early removal. 

(2) With retention of a foreign body. The foreign body may be visible 
in the anterior chamber or lens, or be seen in the vitreous with the 
op 1 1 a noscope, provided there is not much haemorrhage or traumatic 
cataract If not visible, X-rays should be used, since by this means it 
.s possible not only to establish the presence of an intra-ocular foreign 
body, but also to localise it. The importance of the history in such 
cases is obvious, particularly in finding out whether the foreign body 
is magnetic or not, since on this depends the treatment adopted. 
„ n ,; hB ) , W0Und ° f ™ tra , n “ may be quite small, and is easily missed 
uni ss the surgeon has the possibility of its presence in mind. In addi- 
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Sympathetic disease occurs in two forms : 

(1) Sympathetic irritation, which is a reflex functional condition in 
one eye following on a lesion which irritates the trigeminal filaments 
in the other eye. It is not dangerous to sight, and disappears promptly 
on removal of the cause in the “ exciting ” eye. 

(2) Sympathetic ophthalmitis. This is a plastic inflammation of 
the uveal tissue in one eye (the sympathising eye) which follows a 
similar lesion brought about by a perforating injury in the fellow eye 
(the exciting eye). 

/Etiology. The disease is particularly likely to occur when the injury 
to the exciting eye has involved prolapse of the iris, ciliary body or 
choroid. Of these three structures, the ciliary body is the most likely 
to give rise to sympathetic ophthalmitis, for which reason the zone of 
sclera overlying it is designated the “ dangerous area.” Apart from 
perforating lesions of the eye, sympathetic ophthalmitis lias sometimes 
been found to follow necrosis of a melanotic sarcoma in the fellow eye. 
The actual cause of the disease is still a matter of speculation as no 
organism has been found. It has been ascribed to latent tuberculosis, 
to a staphylococcus to which the eye has become sensitised, to some form 
of spirocluetc, to a virus, and finally to allergic hypersensitivity of the 
patient to his own uveal pigment. If suppuration occurs in the 
“exciting eye”, it seems to prevent the occurrence of sympathetic 
inflammation. 

Signs and Symptom*, There is always active iridocyclitis in the 
exciting eye, usually of the plastic type, associated with the formation of 
a sticky exudate which binds the iris down to the lens. There are also 
abundant deposits of precipitate on the back of the cornea. 

In the sympathising eye , there arc sensitiveness to light, some 
impairment of vision, and weakness of accommodation. On examina- 
tion, there may he some precipitate on the hack of the cornea and a few 
opacities in the vitreous. If untreated, or in many cases in spite of the 
most vigorous treatment, the disease pursues a relentless course ; the 
choroid becomes involved, the lens opaque, and the retina detached so 
that finally the eye is left blind, shrunken and useless. In a f a i r 
proportion of cases secondary glaucoma ensues owing to widespread 
adhesions between the iris and lens. 

Prophylaxis. 

The question of removal of an injured eye may be a very difficult 
one to decide, and in a given com* opinions will often vary. The following 
indications may, however, be of service : Enucleation should be per- 
formed on : 
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(1) An eye so severely injured as to destroy sight at once or to make 
its ultimate destruction reasonably certain. 

(2) An eye with a retained foreign body which has resisted efforts 
at extraction and in which severe iridocyclitis is present. 

(3) An injured eye which shows no signs of quietening down after 
two or three weeks of treatment, provided the fellow eye has reasonably 
good vision. 

If sympathetic ophthalmitis has already started, the exciting eye is 
better left if it has any useful sight, since it may ultimately have the 
better vision of the two. If only sympathetic irritation be present the 
exciting eye should be removed. 

Treatment. The local treatment consists of hot bathing, atropine, 
dark glasses, and the application of leeches to the temples. With regard 
to general treatment, the patient should be confined to bed, given hot 
air baths to promote sweating, and be put on to large doses of sodium 
salicylate {working up to one grain per day for each pound of body 
weight). A course of injections of salvarsan or of N.A.B. should also 
be given. Many other remedies have been used in this disease and good 
results have been claimed from the injection of large doses of diphtheria 
antitoxin. Removal of infected teeth or tonsils and treatment of 
alimentary toxaemia are obvious precautions. 

Prognosis is essentially grave, but not necessarily hopeless. If 
treatment can be begun within the first week one authority states that 
75 per cent of cases retain useful sight. 

STRABISMUS OB SQUINT 

There are two main varieties of squint : paralytic or non-comitant, 
and non-paralytic or concomitant. 

Paralytic strabismus is due to paralysis, partial or complete, of oue 
or more of the extra-ocular muscles. It presents the following character- 
istics : 

(1) Lack of parallelism between the visual axes. 

(2) Diplopia. 

(3) Vertigo. 

(4) Defective movement of the affected eye, not always evident 
(c.g. in paresis of one superior oblique muscle). 

(5) False projection. 

All these arc increased when the affected eye attempt, to look in the 
direction of action of the paralysed muscle. 

(6) Tilting or twisting of the head, again in the direction of action 
of the paralysed muscle. 
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(7) The secondary deviation is greater than the primary, i.e. if the 
patient attempts to look at an object with the affected eye the deviation 
of the sound eye will be greater than that of the affected eye when he 
fixes tlie same object with the sound eye. 

In examining a case of paralytic squint it may bo sufficient merely 
to ask the patient to look in various directions and note in which of these 
the movement of the eye is defective, but it is usually necessary to 
examine for diplopia as well. This is done by holding a lighted candle, or 
other source of illumination, in front of the patient and moving it into 
the nine cardinal positions as shown on the chart (fig. 2443). In order 
to distinguish the images seen by the two eyes, a red glass is held in 
front of the right eye. 

Diplopia occurs because the patient imagines that the eye with the 
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paralysed muscle is pointing in the same direction as its fellow. Suppose 
she has paralysis of the left internal rictus. On attempting to look at a 
candle flame on the right, the right eye will move so that the image falls 
on the fovea K (see fig. 2443), whereas the left eye will remain looking 
straight ahead, and the image will fall to the temporal side of the fovea 
F' at O'. Now the patient imagines her fovea is at O', and as the image 
is on the temporal side of the fovea, she imagines the object to be on 
the nasal side of 0, i.e. at 0' . i.e. the apparent displacement of the 
object is in the direction of action of the paralyse*! muscle. In other 
words, if the muscle cannot move the eye, it will move the image. To 
interpret a diplopia chart, therefore, all that is needed is a knowledge 
of the actions of the extra-ocular muscles. 

The actions of the internal ami external recti are simple and 
need no comment ; the other four muscles, however, arc more com- 
plicated and are best understood by considering their actions ;is 
’* primary ” when the eye is looking in the direction of the muscle 
tendon aud “ secondary ” when the eye is looking at right angles to the 
line of action of the muscle. Figure 2116 A gives a diagrammatic 
representation of the left eye with the superior rectus and sujierior 
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( 7 ) The secondary deviation is greater than the primary, i.e. if the 
patient attempts to look at an object with the affected eye the deviation 
of the sound eye will be greater than that of the affected eye when he 
fixes the same object with the sound eye. 

In examining a case of paralytic squint it may be sufficient merely 
to ask the patient to look in various directions and note m which of these 
the movement of the eye is defective, but it is usually necessary to 
examine for diplopia as well. This is done by holding a lighted candle, or 
other source of illumination, in front of the patient and moving it into 
the nine cardinal positions as shown on the chart (fig. 2413). In order 
to distinguish the images seen by the two eyes, a red glass is held in 

front of the right eye. , . . 

Diplopia occurs because the patient imagines that the eye with the 
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paralysed muscle is pointing in the same direction as its fellow. Suppose 
she'has paralysis of the left internal rectus. On attempting to look at a 
candle flame on the right, the right eye will move so that the image falls 
on the fovea F (see fig. 2445), whereas the left eye will remain looking 
straight ahead, and the image will fall to the temporal side of the fovea 
F atT)' Xow the patient imagines her fovea is at O’, and as the image 
is on the temporal side of the fovea, she imagines the object to be on 
the nasal side of 0, i.e. at O' , i.e. the apparent displacement of the 
object is in the direction of action of the paralysed muscle. In other 
words if the muscle cannot move the eye, it will move the image. To 
interpret a diplopia chart, therefore, all that is needed is a knowledge 

of the actions of the extra-ocular muscles. 

The actions of the internal and external recti are simple and 
need no comment -, the other four muscles, however, are more com- 
plicated and are best understood by considering their actions as 
i. primary” when the eye is looking in the direction of the muscle 
tendon and " secondary ” when the eye is looking at right angles to the 
line of action of the 'muscle. Figure 2410 a gives a diagrammatic 
representation of the left eve with the superior rectus and superior 
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(1) An eye so severely injured as to destroy sight at onc< 
its ultimate destruction reasonably certain. 

(2) An eye with a retained foreign body which has resist 
at extraction and in which severe iridocyclitis is present. 

(3) An injured eye which shows no signs of quietening dou 
two or three weeks of treatment, provided the fellow eye has reas< 
good vision. 

If sympathetic ophthalmitis has already started, the exciting e : 
better left if it has any useful sight, since it may ultimately have i 
better vision of the two. If only sympathetic irritation be present ti 
exciting eye should be removed. 

Treatment. The local treatment consists of hot bathing, atropine, 
dark glasses, and the application of leeches to the temples. With regard 
to general treatment, the patient should be confined to bed, given hot 
air baths to promote sweating, and be put on to large doses of sodium 
salicylate (working up to one grain per day for each pound of body 
weight). A course of injections of salvarsan or of N.A.B. should also 
be given. Many other remedies have been used in this disease and good 
results have been claimed from the injection of large doses of diphtheria 
antitoxin. Removal of infected teeth or tonsils and treatment of 
alimentary toxtemia are obvious precautions. 

Prognosis is essentially grave, but not necessarily hopeless. If 
treatment can be begun within the first week one authority states that 
75 per cent of cases retain useful sight. 

STRABISMUS OR SQUINT 

Theie are two main varieties of squint : paralytic or non-comitant, 
and non-paralytic or concomitant. 

Paralytic strabismus is due to paralysis, partial or complete, of one 
or more of the extra-ocular muscles. It presents the following character- 
istics : 

(1) Lack of parallelism between the visual axes. 

(2) Diplopia. 

(3) Vertigo. 

(4) Defective movement of the affected eye, not always evident 
(c.g. in paresis of one superior oblique muscle). 

(5) False projection. 

All these are increased when the affected eye attempts to look in the 
direction of action of the paralysed muscle. 

(6) Tilting or twisting of the head, again in the direction of action 
of the paralysed muscle. 
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(7) The secondary deviation is greater than the primary, i.e. if the 
patient attempts to look at an object with the affected eye the deviation 
of the sound eye will he greater than that of the affected eye when he 
fixes the same object with the sound eye. 

In examining a case of paralytic squint it may be sufficient merely 
to ask the patient to look in various directions and note in which of these 
the movement of the eye is defective, but it is usually necessary to 
examine for diplopia as well. This is done by holding a lighted candle, or 
other source of illumination, in front of the patient and moving it into 
the nine cardinal positions as shown on the chart (fig. 2443). In order 
to distinguish the images seen by the two eyes, a red glass is held in 
front of the right eye. 

Diplopia occurs because the patient imagines that the eye with the 


r,g 2443 — Chart to wiow wruipi* rsontciD by 

PAKAIA SIB OP tMT 81 PERIOR RECTES. R I*AC* BEEN 
ttITII RKUIT EtE I. l*AO* SEET »ITU UIPT EYE, IS 
THE SIM CARWXAI PUWITIOXT 


L. 

R 

L 

R 

RL 

h 

lit- 

IL 

E 

B 

E 


paralysed muscle is pointing in the same direction as its fellow. Suppose 
slic has paralysis of the left internal rectus. On attempting to look at a 
candle flame on the right, the right eye will move so that the image falls 
on the fovea F (sec fig. 2443), whereas tile left eye will remain looking 
straight ahead, and the image will fall to the temporal side of the fovea 
F at O'. Now the patient imagines her fovea is at O', and as tile image 
is on the temporal side of the fovea, she imagines the object to be oil 
the nasal side of O. i.e. at O' , i.e. the apparent displacement of the 
object is in the direction of action of the paralysed muscle. In other 
words, if the muscle cannot move the eye, it will move the image. To 
interpret a diplopia chart, therefore, all that is needed is a knowledge 
of the actions of the extra-ocular muscles. 

The actions of the internal and external recti are simple and 
need no comment ; the other four muscles, however, are more com- 
plicated and are best understood by considering their actions as 
“ primary " when the eye is looking in the direction of the muscle 
tendon and “ secondary " when the eye is looking at right angles to tire 
line of action of the muscle. Figure 2141! A gives a diagrammatic 
representation of the left eye with the superior rectus and superior 
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oblique muscles — only the reflected tendon of the latter being shown. 
If the eye be imagined as transparent, the same diagram will serve 
for the inferior rectus and inferior oblique muscles. 

In flame 2440 B contraction of the superior rectus would cause tile eye 
to turn upwards and of tile inferior rectus downwards. In figure 2441) c, 
however, the insertions of the superior and inferior recti are carried 



inwards so that contraction of either of these muscles would also cause 
the eye to turn further hi towards the nose, i.e. adduction would occur. 
In the same way one can see the actions of the oblique muscles. In 
figure 2446 c the eye is looking more or less along the line of the oblique 
tendons so that contraction of the superior oblique would cause the eye 
to turn down, and contraction of the inferior oblique would cause the 
eye to turn up. In figure 2440 n, however, when the eye is looking along 
a line almost at right angles to the tendon, contraction of either oblique 



EYE 


43GL 



/*. 2»a .a n 

muscle would cause the eye to turn outwards, i.e. would bring about 
abduction. We are thus able to classify the actions of these four 
muscles as follows : 

Muhcle. ftincipal Action. 

Superior Rectus. Elevation, at a maximum in 
abduction. 

Superior Oblique. Depression, at a maximum in 
adduction. 

Inferior Oblique. Elevation, at a maximum in 
adduction. 

Inferior Rectus. Depression, at a maximum in 
abduction. 

The application of this can be seen in elucidating the diplopia chart 
(see fig. 2443). The steps would be as follows : 

(1) The left image is the more displaced, therefore the left eye is the 
paretic one (if the muscle cannot move the eye it moves the image). 

(2) The displacement occurs when the eye is looking up, therefore 
the muscle at fault is the left superior rectus or left inferior oblique. 

(3) The tnusclc acts as an elevator when the eye is abducted, and as 
an adductor when the eve is adducted, i.e. it is the left superior rectus. 

In actual practice the matter is not always as simple as this, since 
more than one muscle is often involved, and there may be other com- 
plicating factors such as pre-existing defects of balance between the 
extra-ocular muscles of the two sides, but the Mine principles can often 
be applied, even in these cases. 

/Etiologically, the causes of ophthalmoplegia are numerous, and may 
I.e grouped as below ; 

(1) Congenital. Aplasia of a muscle. 

(2) Traumatic. J hemorrhage into the muscle sheath, division of a 


Subsidiary acli'iri 

Adduction, at a maximum m 
adduction. 

Abduction, at u maximum in 
abduction. 

Abduction, at a maximum >» 
abduction. 

Adduction, at a maximum m 
adduction. 
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muscle by a penetrating injury, fracture of the base of the skull involv- 
ing nerve injury, and exposure to cold. 

(3) Inflammatory. This group is best considered under four 

headings : ... 

(а) Inflammation proper. Basal meningitis, formation of gummata 
or of tuberculous masses, lethargic encephalitis, and peripheral 
neuritis. 

(б) Vascular. Haemorrhage, thrombosis, embolism, pressure or 
rupture of aneurysms, and pressure of sclerosed arteries. 

(c) Toxic. Alcohol, lead, botulism, diphtheria and influenza. 

(d) Where the palsy forms part of some more general disease, e.g. 
tabes, general paralysis, disseminated sclerosis, syringomyelia, 
postero-lateral sclerosis, paralysis agitans, progressive muscular 
atrophy and myasthenia gravis. 

(4) Neoplastic. Glioma, endothelioma, etc., while in a certain 
number of cases the aetiology is unknown. 

Syphilis is the commonest single cause, so that performance of 
a Wassermann reaction is usually the first step in elucidating the cause 
of paralytic strabismus. 

The lesion may occur at any point in the neuro-muscular path. 

Concomitant Squint. This is an entirely different condition from 
that just considered and is easily diagnosed from it by the fact that 
the angle of deviation remains approximately the same when the eyes 
are moved in various directions. The .essential defect is not in the 
muscles, the nerves or their nuclei, but is in the higher centres of the 
brain, probably that portion of it which is associated with the power of 
binocular vision. If this power be well established, the images in the 
two eyes are blended provided the eyes are looking in the same direction. 
If the visual axes of the two eyes deviate, diplopia at once occurs. Where 
the power of binocular vision is weak or absent, however, deviation 
of one eye does not cause diplopia because the vision of this eye is 
suppressed, so that the eyes, even if straight, are in a state of unstable 
equilibrium and deviation may occur on the slightest provocation, the 
commonest being uncorrected hypermetropia and astigmatism. The 
usual age for a squint to develop is between two and three years, 
though it may be much earlier. 

Diagnosis is in many cases obvious, but if the deviation is only slight 
the following procedure should be carried out: Seat the child in a moder- 
ately dark room and hold in front of her, at a distance of about two feet, 
a small source of light such as the lamp of an electric ophthalmoscope. 
A baby will at once look at the light, and an older child should be told 
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to do so. The observer should note the position of the corneal reflex 
iri the two eyes when he is looking over the light. If the reflexes are 
symmetrically placed in the two cornece there is no squint. If doubtful 
about the symmetry, cover first one eye, then the other, and note if 
there is any movement. Suppose, for example, that the child has a right 
convergent squint. The corneal reflex in the left eye will be near the 
centre of the pupil, whereas in the right eye it will be to the temporal 
side of the cornea. If the right eye now be covered, the left eye will 
continue to look at the light as before. On uncovering the right eye 
and covering the left, however, the right eye will bo seen to make a 
distinct movement outwards in order to look at the light. The only 
exception to this is when the squinting eye has such poor vision that 
it has lost the power of central fixation. In such a case, however, the 
deviation will be sufficiently obvious not to need the cover test for its 
demonstration. 

Varieties of Concomitant Squint. 

In the first place the squint may he convergent or divergent, the 
former being the commoner. It may also be : 

(1) Periodic, in which the squint is not always present, or 

(2) Constant. Also it may be 

(3) Unilateral, where only one eye squints ; or 

(4) Alternating, where the squint may occur in either eye. 

In the latter case the visual acuity in the two eyes is approximately 
the same. 

Treatment. Only the bare outlines of this can be given here. The 
first essential is the prescribing of glasses to correct the error of refrac- 
tion in the two eyes. If the case be an early one. this alone may suffice 
to put the eyes straight ; if not, steps must be taken to prevent the 
squinting eye becoming relatively blind from disuse. To this end, the 
straight eye may be kept covered or its sight may be blurred by keeping 
it under atropine and without a correcting lens. When approximately 
equal visual acuity lias been obtaine<I by these means, attempts should 
be made to produce binocular vision by “ fusion training.’* i.o. exercises 
with various modifications of the stereoscope. In some cases this is 
successful, in others an operation must be performed to restore the 
eyes to approximate parallelism before binocular vision can be obtained. 

In a certain number of cases, the squinting eye remains relatively 
blind (“ amblyopia ex anopsia *’) in spite of all treatment, ami in surli 
cases operation is usually performed for cosmetic reasons. 

Divergent Ajuint. The majority of concomitant squints are con- 
vergent ; the divergent variety can, however, occur, and is associated 
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witli myopia. It most frequently appears at ten to twelve years of 
age, is more commonly alternating than unilateral, and is seldom 
constant. It is probably caused in the following way : 

The myopic child who is without glasses has to hold her books very 
close in order to see them clearly. This entails such a high degree of 
convergence that slie gives up the struggle, and allows one eye to wander 
outwards, and reads in comfort with the other. Fusion training and the 
wearing of correct glasses are usually enough to correct the condition, 
operation being seldom required except where convergence has become 
defective through disuse. In these cases, advancement or shortening 
of an internal rectus may add greatly to the patient’s comfort. 

Occasional divergent squint is not an uncommon condition, and 13 
frequently familial, one or other eye turning out when the patient’s 
thoughts are wandering. There is .seldom any notable error of refrac- 
tion, and though fusion training may sometimes help, operation is often 
required. Before performing this, one or other eye should he covered 
for several weeks so that it may assume its position of rest and the 
surgeon can see how much needs to be done. The external recti should 
not be touched, the whole effect being produced by shortening of one 
or both internal recti. 

Another form of divergent squint is that seen in a blind eye which 
usually tends to deviate outwards, and finally there is the type which 
follows too free a tenotomy of the internal rectus for the cure of 
convergent squint. 



CHAPTER II 
Ophthalmic Operations 
PRELIMINARY CONSIDERATIONS 

Only a small proportion of operations on the eyeball or its adnexa 
are in the nature of emergency procedures. It is therefore possible to 
ensure that the patient is in the best possible physical condition before 
anything is done, and a thorough general overhaul should be carried 
out, particular attention being paid to the elimination of focal sepsis, the 
presence of high blood-pressure and of albumen or sugar in the urine. 
Local conditions must also be investigated, particularly if an intra- 
ocular operation (e.g. cataract extraction) is to be performed. The 
lachrymal passages should be examined for patency, a conjunctival 
smear and culture, incubated for forty-eight hours, should be taken, 
and the lid margins carefully inspected. It is usual to administer a 
mild laxative twelve hours before operation. 

Ana'sOtesia. The majority of intra-ocular operations are performed 
under local anaesthesia, induced by the instillation of sterile a per rent 
cocaine drops at five-minute intervals over a period of half an hour. 
The lids should be kept closed, except when the drops are being 
instilled, so as to prevent opacity developing in the corneal epithelium. 
In nervous patients it may be necessary to administer some sedative, 
e.g. paraldehyde 2 drachms in diluted syrup or one of the barbiturates, 
an hour before operation, while in others who are still more nervous, 
intravenous evipan lias been Used with success. In cases where the 
eyeball is congested, us in acute glaucoma, cocaine drops fail to pro- 
duce adequate anaesthesia, and report has to be made to the injection of 
1 ec. of 4 percent no vocable, possibly with adrenalin. This is injected 
beneath Tenon’s capsule in the upper ami outer quadrant of the eyeball. 

In ope nit ions not involving opening of the eyeball po.-'t- operative 
vomiting has not the same risk, so that general ana-sthesia can Imi 
employed, though in many cases infiltration with no vocable and 
adrenalin is preferred. 

Aulisejmis, The skin surtounding the eye should Iw painted with 
J i>er cent tincture of iodine, and the conjunctival sac well washed out 
with 2 per tent borack* lotion. In squint operations, the patients fate 

\uu ill — 2 k 
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should be covered with a mask in which there is a slit for exposure of 
the eye, so as to avoid contamination of the stitches by contact with 
the skin of the face. 

Position of the Surgeon . For practically all eye operations the sur- 
geon stands or sits at the head of the table, i.e. behind the head of the 
patient. 

OPERATIONS UPON THE LIDS 

(1) Spasmodic Entropion. The skin of the lower lid is infiltrated 
with novocaine. An oval area, varying in size according to the degree 
of defect, but usually about 30X6 mm. is picked up in special forceps 
(fig. 2447) and removed with straight scissors. After checking haemo- 
rrhage, a similar area of the exposed orbicularis muscle is grasped with 
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fixation forceps and also removed with scissors. The wound is united 
with three or four interrupted silk sutures which are removed on the 
fifth day. No dressing is required. 

(2) Cicatricial Entropion. The commonest form of this is due to 
cicatricial contraction following trachoma and causing inversion of the 
upper lid, so that the lashes are constantly rubbing and irritating the 
cornea. In mild cases it suffices to remove the misplaced lashes by 
forceps or by electrolysis, but where the lid is badly deformed some 
plastic procedure is called for. Numerous operations have been 
designed for this purpose. One which gives satisfactory results is the 
muscle-tarsal operation of Hotz and Anaguostakis, which is performed 
as follows under infiltration anaesthesia : 

Insert a horn spatula under the upper lid, and make a skin incision 
along its whole length, 3 mm. from the margin (fig. 2448). Dissect up 
the skin and expose the tarsal cartilage by removal of the overlying 
muscle-fibres. Apply a sharp scalpel to the cartilage, parallel to its 
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plane, and with a downward sawing movement cut away thin slices, 
avoiding perforation. The upper and lower margins of the cartilage 
are not included in the area thus dealt with. Three sutures are now 
passed as shown in figure 2448. In each, the needle perforates the skin 
at the upper margin of the incision, and is carried through the upper 
border of the tarsal cartilage from behind forwards, and then through the 
lower margin of the skin incision. The effect of tying these sutures is 
to drag the lower bonier of the skin wound to the level of the top of 
the tarsal cartilage and thus make the lid concave forwards. This over- 
correction disappears in a few days, and the lid assumes its normal 
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position. The eye should be covered with a dressing, ami the stitches 
can be removed on the fifth day. 

(3) Itdropioii. The spasmodic variety can be dealt with by Snellen's 
sutures. Two doubly-armed stitches an* Used. These are passed 
through the most prominent part of the swollen conjunctiva (fig. 2J-M) 
and made to penetrate the skin over the loner margin of the orbit, 
being tied over a piece of rubber tubing, and removed in eight days. 
('initr trial ectropion may follow burns am! wounds of the face, and may 
require extensive plastic proce<lun‘s for its cure. Senile ectropion is not 
uncommon and is due to atrophy of the obiculari> often combined with 
chrome catarrhal conjunctivitis. As a result of the lid falling away 
from the eyeball there is interference with drainage of the tears and the 
eye is constantly watering; the exposed conjunctiva is irritate*! am! 
inti amed which increases the watering, and a vicious circle is thus -el 
up. In mild cases it sutHces to make two linear applications of the actual 
cautery to the conjunctiva lining the lower lid, sub-c^uent < icvi trivial 
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contraction drawing the lid back into position. A similar result may 
sometimes be achieved by a few applications to the conjunctiva of 
2 per cent silver nitrate at intervals of one day. 

In more marked cases it is necessary to shorten the lid. Theoretic- 
ally, this could be done by excising a wedge involving the whole thick- 
ness of the lid, and suturing the margins of the defect. The result is 
not satisfactory, however, because an unsightly gap remains in the lid 
margin. It is advisable, therefore, to perform the following operation 
( Kuhnt-Szymano wski ) under infiltration anaesthesia : The lower lid is 
grasped between the finger and thumb, and a thin keratome is intro- 
duced at a point slightly towards the inner side of it and just behind 
the lashes. The blade of the keratome is then pushed on so as to 
separate the tarsal and cutaneous layers. This procedure is repeated 



until the outer half of the lid is split. A triangular piece of tarsal 
cartilage and conjunctiva is now removed with scissors, the amount 
removed being proportional to the degree of defect requiring correction. 
A triangular skin incision is made as shown in figure 2450, and the skin 
carefully dissected up and removed, the skin of the lower lid mesial 
to it being undermined. The lash-bearing portion of this 13 
removed, and sutures are inserted, men these are tied, the 
lid will have been shortened by an amount corresponding with 
the Width of the triangle. A dressing is applied, both eyes being 
kept covered for four days. At the end of this period the tarsal 
sutures are removed, the skin sutures being taken out a day or two 
later. J 

Ptosis. There are two principal operations performed for this 
condition. If the superior rectus is active, the tarsal cartilage of the 
upper lid can lie attached to it, and so enable the lid to be raised when 
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the eye looks up (G reeve’s operation). The technique of the operation 
is as follows : The eye is rotated downwards by traction on a stitch 
passed through the conjunctiva just above the limbus, and the superior 
rectus tendon is exposed by a transverse incision through the conjunc- 
tiva (fig. 2-151). The muscle is isolated and a silk thread passed under 
it. The upper lid is everted and the conjunctiva above the incision is 
dissected up so as to expose the upper edge of the tarsal plate. The 
latter is then gripped in a pair of catch forceps ami incisions are made 
in it as shown in fig. 2451, diagram A. The strips of cartilage are turned 
upwards and sutured with No. 1 silk to the sides of the superior rectus 
tendon in such a position that the edge of the lid just overlaps the upper 
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margin of the cornea. A sausage-shaped pad is then placed over the 
upper lid so ns to keep the eye closed, and is kej)t in place with strapping 
and a bandage. The stitches are removed on the tenth day. 

After healing has occurred it may be necessary to excise a redundant 
horizontal strip of skin of the upjter lid. 

In cases where the superior rectus is paralysed, another tyj>c of 
operation is employed. This consists in Using strips of skin to pull the 
upjx*r lid into place, and to attneh it to the occipito- frontal is inuscle. 
Both these ojx-rations and the following one may be performed under 
local or general amcsthesia. The procedure about to be deserilx.il was 
devised by Machek and modified by UifTonl : 

A horn spatula is introduced Ixmouth the upjxr hd, and two hori- 
zontal incisions are made through the skin parallel with the 111 margin. 


4570 POST-GRADUATE SURGERY 

the lower of these being 3 mm. distant from it, and the upper G mm. 
(fiw. 2452). The incisions begin at a distance of 3 mm. from the outer 
and inner angles of the eye respectively. Two incisions are then made 
above the eyebrow and, by means of a pair of scissors, vertical tunnel 1 } 
are made to the ends of the skin flap in the upper lid. The flap is then 
divided and the straps of skin are drawn upwards by forceps and 
stitched to the margin of the wounds in the eyebrow (flg. 2453). 1 The 
effect can be varied by altering the length of the eyelid incisions and 
by the degree of tension imposed on the skin flaps. The stitches are 
tied over rubber tubing and are not usually removed until the four- 
teenth day. At the end of the operation the upper lid is usually drawn 



up to such an extent that it is impossible to close the eye. An air- 
tight dressing lias, therefore, to be used, in order to prevent drying of 
the cornea. This can be effected by means of a cone of X-ray film, 
cleansed of its emulsion and bound at its sharp edges by adhesive tape. 
The cone is cut before the operation and is made to a size to fit the 
orbital margin. It is kept in place with strapping, and being trans- 
parent it allows of inspection of the cornea. 

Tarsorraphy. In some corneal conditions, particularly in neuro- 
paralytic keratitis, the only hope of saving the eye is to unite the lids. 
This is easily effected by removing the sharp posterior margin of the 
upper and lower lids with a pair of scissors and bringing the raw surfaces 
into apposition with three sutures. It is customary to unite only the 

1 Some authorities advise the destruction of the epithelial cells on the flaps 
the application of trichloracetic acid. 
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middle third in this way, and the sutures (double-armed) are best 
passed from the conjunctival surface of the lid forwards. They are 
removed at the end of a week, a dressing being applied after the opera- 
tion. When the cornea is anaesthetised it is well to leave the adhesion 
undisturbed for a period of three months and thpn gradually to cut it 
through 2 to 3 mm. every week until an adhesion about 1 mm. broad 
is left opposite the temporal margin of the cornea. The deformity 
produced by such an adhesion is only slight, and the protection supplied 
by the partial closure of the lids is usually sufficient to prevent the 
development of keratitis, and to bring about healing of any defects 
which may have occurred. 

OPERATIONS UPON THE LACHRYMAL APPARATUS 

(1) Syringing. After instillation of cocaine, the lower lid is everted 
and a Nettlcships dilator is introduced into the lower punctum, so 
as to enlarge it sufficiently to allow the entry of a lachrymal cannula. 
The latter, with syringe attached, is then passed along the canaliculus and 
an endeavour is made to syringe fluid through into the naso-ljchrymal 
duct. If the patient inclines bis head forward, fluid will be seen to pass 
out of the nose if the passages are open. If there is a block, fluid, with 
or without muco-pus, will regurgitate from the upper punctual. Should 
this occur, the syringing may he repeated for several days and. if it is still 
not possible to obtain an opening, a probe may have to he passed. In 
order to do this, the sac should be filled with cocaine and adrenalin 
solution so as to render the procedure as painless as possible. The 
passage of the probe is a somewhat difficult matter calling for consider- 
able experience. The probe should first be passed in a direction parallel 
to the. UA iu&vgvw until its end caw be Celt to unpuvge on t be inner wall 
of the sac. The probe is then turned upwards so as to make it point 
towards the junction of the ala of the nose and the side of the face. An 
attempt should be made to pass the probe downwards along the naso- 
lachryuud duct. In order to effect the passage of any but the smallest 
probes, it is usually necessary to slit the canaliculus. 

(2) The Three-Snip Operation. This is employed in eases where, 
owing to slight drooping of the lid, the lachrymal pmutuin is everted 
with resulting epiphora. The oj>cration is performed under local 
un.esthesia, a little solid cocaine being rubbed into the conjunctiva of 
the lower lid near the inner rant bus. 

After dilatation of the punctum, a Stillings or Weber knife is pu.vd 
along the canaliculus, w ith the cutting edge directed backwards so as to 
slit o|H»n the canaliculus (see fig. 2151). A pair of fine forceps is now nude 
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to grasp tlie posterior layer of the lid, and with scissors a triangular 
portion of it is removed. By this means a relatively large communica- 
tion is made between the lacus lachrymalis and the canaliculus. 

(3) Removal of the lachrymal sac. This operation is performed as a 
last resort in obstinate cases of dacryo-cystitis. It is carried out under 
local anesthesia, the skin and deep tissues round the sac being thoroughly 
infiltrated with novocaine and adrenalin and the sac itself washed out 
with 3 per cent cocaine solution. The incision begins at a point 3 mm. 
above and internal to the inner canthus and is carried downwards and 
outwards for a distance of 2 cms. After division of the skin, the margins 
are dissected up and a special speculum (fig. 2455) is inserted. An 
endeavour should now be made to locate the anterior lachrymal crest 
by feeling with forceps along the inferior margin of the orbit on to the 
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side of the nose. An incision is made with the sharp point of the scissors 
so as to divide the fascia along a line 1 mm. beliind the anterior lachry- 
mal crest, the internal canthal ligament being cut through at the upper 
end of the incision. A little dissection will then allow exposure of the sac, 
the Latter being freed from its surroundings with the points of the closed 
scissors. In doing this the canaliculi will be cut through. The sac may 
now be grasped with forceps and pulled forwards a little, so as to allow 
of its upper end being freed. Haemorrhage may occur at this point, but 
can easily be checked by the application of swabs soaked in adrenalin. 
The sac is now free except for its lower end. The wall here is divided 
as far down as possible by passing the scissors down the naso-Iachxymal 
duct. After the removal of the sac, the duct should be gently curetted 
with a sharp spoon, and if any fragments of mucous membrane have been 
left, they can be destroyed with an electric cautery at a dull red heat. 
The skin is united by interrupted sutures which axe removed after 
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four days. Tile dressing should incorporate a small pad of gauze to lie 
over the line of the incision. The cornea should be carefully inspected 
for scratches or abrasions at the end of the operation, because if these 
have been made, there is a possibility of severe ulceration developing. 

(4) Dacryocystorhinostomy is an operation which aims at making a 
fistula between the lachrymal sac and the nose. There are various 
methods of performing this operation, and in capable hands satisfactory 
results are frequently obtained. The main difficulty is to prevent the 



opening in the bone from closing up, and this usually necessitates lining 
it with mucous membrane, an anastomosis being made between the wall 
of the sac and the nasal mucosa. 

(5) Arm-ion of lachrymal gland. In cases where the sac lias been 
removed there is no channel for drainage of the tears, and troublesome 
watering of the eye is likely to occur, particularly when the patient is out 
of doors. In such eases relief may bo obtained by removal of the pjJjx-'brul 
portion of the lachrymal gland. In order to effect this, the eye is cocain- 
ised anti a little uovocaine and adrenalin is injected under the conjunc- 
tiva of the upper fornix near the outer can thus. The lid is evert nl 
and the tarsal cartilage gripped with a pair of forceps, these Wing 
turned so as to expose the conjunctiva of the fornix. An incision is 
made through this for a distance of about 1 on. towards the outer 
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canthus. The lobules of the gland will then protrude through the 

wound as soon as the connective tissue is opened. A little dissection 

of the conjunctiva will then allow the palpebral lobe of the gland to be 

removed. A catgut suture is inserted to secure apposition of the 

conjunctiva. 

OPERATION’S UPON’ THE CONJUNCTIVA 

(1) Formation of flaps. These are required when dealing with 
wounds of the cornea, and may be fashioned according to the exigencies 
of the case. A simple and satisfactory form of flap may be obtained 
by inc ising the conjunctiva round the circumference of the cornea and 
separating it from the underlying sclera by blunt dissection with scissors. 
It is then brought together by a purse-string suture, and in this way 
the entire cornea can be covered and supported (figs. 2456 and 2457). 
The stitch usually cuts out after a few days and the conjunctiva retracts. 
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(2) For pterygium. The pterygium is grasped at its neck with a pair 
of fixation forceps, transfixed with a fine Graefe knife, and so separated 
from the cornea (fig. 2458). Care should be taken to remove only the head 
of the pterygium and not any of the substantia propria of the cornea. 
An incision is made with scissors through the conjunctiva along the lower 
margin of the pterygium, which is loosened from the underlying sclera, 
the conjunctiva below the incision being also well undermined. A 
double-armed silk snhire is passed through the apex of the pterygium, 
the needles being carried downwards through the lower conjunctival 
incision so as to emerge in the 6 o’clock position about 4 nun. from the 
corneal margui (fig. 2438). Traction on the suture will draw the ptery- 
gium beneath the loosened conjunctiva, and at the same time close the 
conjunctival wound, so that when it is tied there is no need to insert 
additional stitches. 
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(3) Peritomy. This operation is sometimes performed to bring about 
clearing of the cornea, and the disappearance of vessels in cases of old 
and recurrent ulceration and of pannus following trachoma. The 
con] unctiva is divided along a circular incision concentric with , but about 
3 mm . outside, the corneal margin, and the 3-mrn. band of conjunctiva 
is removed, subjacent vessels being divided as far as possible. 

OPERATIONS UPON THE CORNEA 

(1) Application of Cautery. This is sometimes required in cases of 
severe ulceration, particularly when carbolising has failed to bring 
about healing. The operation is performed under cocaine anaesthesia ; 
if the patient is particularly nervous and requires a general anaesthetic, 
ether should, of course, be avoided. The cautery is applied at a dull 
red heat over the ulcerated area which can be demarcated by previous 
instillations of fluorescein. Care must be taken to do no more than 
touch the surface of the cornea, so as to produce as thin a scar as 
possible. 

The cautery is also used in the operation for conical cornea (see 
page 4577). 

(2) Paracentesis may be required in cases of corneal ulcer where per- 
foration is imminent or where there is extreme pain. It is also employed 
as a last resort in cases of iritis with raised tension. The incision is 
best made with a “ broad needle ” at a point 1-2 mm. inside the lower 
margin m the cornea. The blade is entered in the plane of the iris, 
but directly the point is seen to have perforated, its direction is changed, 
so that it lies against the back of the cornea and thus avoids injury 
to the lens. The instrument is pushed on until the incision is sufficiently 
ong, when it is carefully withdrawn, so as to prevent sudden escape of 
aqueous. Gentle pressure with an iris repositor on the peripheral 
lip of the wound will allow the aqueous to drain away slowly. This 
S! r l?! 1 , : b !. repe ^ (1 on tbe followi «g days if necessary. A 
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(3) Guthrie s Section. This operation, originated by 
subsequently advocated by Saemisch, may be the mean" 
eye which would otherwise have to be removed on accounl 
intractable ulceration of the cornea. Considerable pain 
operation is performed under cocaine, so that it is best 
general anaesthetic or to infiltrate Tenon’s capsule wi 
The incision is made with a Graefe knife with the cutting < 
the point being inserted in healthy cornea just outside tl 
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ulcer. The knife is carried across the anterior chamber until the point 
is beyond the far edge of the ulcer when the counter-puncture is made. 
The operator then cuts forwards through the floor of the ulcerated area. 
Atropine is instilled and a pad and bandage are applied to the eye. 

This operation allows the escape of purulent aqueous and the drain- 
age of exudate from between the infected layers of the cornea. In 
favourable cases, when healing occurs, only a fine linear scar remains 
to show that the operation has been performed. 

(4) Conical Cornea. In a certain proportion of cases, the optical 
defects produced by this condition may be overcome by the wearing of a 
contact lens. Not all patients can tolerate this, however, and, in such, 
vision may be materially improved by surgical measures designed to 
bring about flattening of the apex of the cone. Of the many described, 
one of the simplest and most satisfactory is the following : Thd r actual 
cautery is applied to a circular area of the cornea about 2-5 mm. in 
diameter with the apex of the cone at its centre. The peripheral 
portions are cauterised lightly, the central more deeply, perforation 
being allowed to occur at the central point of the circular area. After 
healing 1 ms occurred, a central cicatrix results which may be tattooed 
or stained with gold chloride, vision being obtained through the clear 
peripheral cornea by means of an optical iridectomy (see page 4530). 

(5) Conical Grafting. It is now possible, owing to the work of Tudor 
Thomas, to mitigate the blindness produced by opacity of the cornea. 
The performance of the operation calls for a considerable degree of 
skill and experience, and tl»c cases require careful selection. The 
principles of the operation are briefly as follows : 

The donor eye with a clear cornea is usually one which is being 
removed for sarcoma of the choroid. Immediately after the enucleation 
it is placed on a special stand and, with a 4-5 mm. trephine, aided by 
scissors, a disc of clear tissue is removed from the centre of the cornea. 
By tilting the trephine and completing the excision of the disc with the 
scissors, it is possible to cut it with shelving edges so that the anterior 
surface is wider than the posterior. The hole in the opaque cornea Is 
cut in a similar manner with shelving edges, but is made slightly larger 
than the graft by employing a trephine of 4 3 mm. in diameter. The 
graft is then transferred to the opening nude for it, and kept in place 
by sutures which pass over it and have their bight in the opaque cornea. 

Ol'EIUTIOXS L'I'O.V THE Hifii 

Tlie majority are performed under cocaine aiu-stlo-sia, but even 
so it is not always possible to u most he rise the iris coiiqdrttly, while 
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if the eye is at all red cocaine instillation lias practically no effect on 

the iris and general or infiltration anaesthesia is indicated. 

Iridectomy. The technique of this operation varies according to the 
condition for which it is employed. 

(1) In congestive glaucoma it is important to remove a wide seg- 
ment of iris at its root. The incision is therefore placed as peripherally 
as possible, and is best made with a Graefe Jcnife so as to avoid the 
possibility of injuring the lens. The point of the knife enters the 
sclera about 4 mm. to the temporal side of the 12 o’clock position 
(fig. 2460) and 1*5 mm. from the corneo-scleral margin. It is passed 
approximately parallel to the plane of the iris, and when the point is 
seen iu the angle of the anterior chamber it is gently edged round so as 



to make a counter-puncture about 8 mm. distant from the puncture 
and 1-5 mm. behind the comco-scleral margin. The section is com- 
pleted by a gentle sawing movement, a conjunctival flap being obtained 
by tnrnmg the edge of the knife backwards after the sclera has been 
cut through. Iris forceps are introduced closed into the wound, and 
en opene so as to grasp the iris near the upper margin of the pupiL 
The ins is drawn outwards and a little nasally, the iris scissors (dc 
U ecker s) being held m the other hand at the temporal end of the wound, 
with their blades pointing to the nose, parallel with and as close to 
the sclera as possible (fig. 2101). After the temporal half of the iris 
Id has been cut through, the direction of pull of the forceps is altered 
to the temporal side and the nasal half of the fold is cut. By altering 
he direetron of pull on the iris in this manner, its impaction in the 
° C ? 0 ~ ? 50 era W0unc ^ 13 avoided. After removal of the iris the 
margins of the gap (coloboma) are gently stroked back into position by 
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an iris repositor (fig. 2462), the conjunctival flap replaced into position, 
and the eye closed after instillation of atropine, a pad and bandage 
being applied. The risks of this operation — intra-ocular haemorrhage 
and dislocation of the lens — are greater in proportion to the height of 
the intra-ocular pressure. If this is at all great, as shown by the 
presence of conical opacity, it is advisable to perform posterior sclero- 
tomy some five minutes before proceeding to iridectomy. To do this 
operation the eyeball is turned upwards and inwards, and the sclera 
with its overlying conjunctiva is punctured with a Graefe knife at a 
point 8 mm. from the corneal margin, midway between the exterior and 
inferior recti (fig. 2463). The knife, with cutting edge forward, should 
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be pointed to the centre of the eyeball and introduced to a depth of 
4-6 mm., being given a quarter turn during withdrawal. The effect 
of this manoeuvre is to allow the escape of a bead of vitreous. This 
decreases the intra-ocular pressure, and at the same time permits the 
iris to fall back and deepen the anterior chamber, thus facilitating the 
subsequent iridectomy. 

(2) Iridectomy in old Iritis. In these caws the eye is not usually 
inflamed, ami cocaine anaesthesia suffices for the ojieration. A smaller 
portion of iris is removed, so that the incision can he made with a kero- 
toine (see fig. 2164), which leaves a neat, small linear war. With the 
patient looking down, the point of the instrument is made to jk* net rate 
the eye about l mm. behind the limbus in the 12 o'clock poritiou. It is 
held so that the blade makes an angle of 45 degrees with the wlem, but 
directly the point of the instrument is wen in the eye. the dim rion of 
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tUe knife is changed so as to make it lie in tlie plane of the iris, and thus 
avoid injuring the lens. It is then pushed steadily onwards, until an 
incision of the desired length (about 5 mni.) is made, or, alternatively, 
it is not pushed so far but is made to cut outwards to the temporal 
side on withdrawal. This part of the operation should be performed 
with care, and as little aqueous allowed to escape as possible, otherwise 
the lens may be injured. Iris forceps are introduced closed into the 
wound, and then opened and made to draw out a fold of iris, which is cut 
with the iris scissors held so that their blades are at right angles to the 
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incision in the sclera (fig. 2465). The pillars of the coloboma are then 
stroked back into position with an iris repositor. 

Optical Iridectomy. The technique of this procedure is not quite the 
same. The object of the operation is to alter the position of the pupil, 
and the site of election is downwards and inwards, as this gives the best 
optical result, though often the iridectomy has to bo made elsewhere — 
behind whatever portion of cornea remains clear. As the periphery of 
the iris has to be preserved, the incision is made in the limbus or eveu 
slightly inside it. Subsequent steps are as already described. Iridectomy 
as part of cataract extraction is described later. 

OPERATIONS UPON THE LENS 

Cataract extraction can nearly always be performed under 
cocaine anaesthesia. It is rendered easier if the pupil is dilated with 
cocaine and bomatropme. The operator stands or sits behind the 
patient’s head, inserts a speculum, and grasps the conjunctiva with 
fixation forceps, just below the nasal end of tlie horizontal meridian 
of the cornea. He makes the incision with a Graefe knife which is 
introduced from the temporal side of the eye. The right hand is there- 
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fore used for the right eye, and the left hand for the left eye. The knife, 
with its edge towards the operator, pierces the corneo-scleral margin at 
a point 1 mm. above the end of the horizontal diameter, and is carried 
straight across the anterior chamber, to emerge at a corresponding 
point in the limbus on the opposite side (fig. 2406). In order to effect 
this, the knife must be directed to a point in the cornea, 1 mm. 
inside the limbus, as otherwise it may emerge through the sclera, and 
troublesome hamiorrhage result. As soon as the counter-puncture is 
made, the knife is carried steadily upwards, parallel to the plane of 
the iris, and the incision in the limbus completed with two or three 
sawing movements. A good flap of conjunctiva can easily be secured 
by not cutting out through this membrane too soon after the corneo- 
scleral incision has been completed. The flap is now turned down and 



a eystitome introduced, with which a horizontal incision is made through 
the anterior tens capsule. Some operators effect this with the point 
of the Uraefe knife during its passage across the anterior chamber, in 
which case a eystitome need not be used. 

The lens has now to be expressed. If the right eye is being operated 
upon, the surgeon takes a squint hook in the right hand, and a eystitome 
ami curette in the left hand. The squint hook is pressed gently back- 
wards over the lower margin of the cornea, while the curette is used 
to make the wound gape by pressing on the sclera forming its posterior 
margin, and as a result of these manoeuvres the edge of the lens soon 
presents in tiic wound (fig. 2107). When this occurs, the instrument 
in the left hand is reversed, ami the eystitome, with the plane of the 
blade facing the surgeon, is thrust into the lens wfuc h can then be lifted 
out of the eye, its lower edge being followed up with the squint hook, 
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moments the upper lid may be gently raised, and if the patient will 
look down, an attempt is made to replace the iris with a repository If 
this is not possible, the eye should be closed and a dressing applied, 
prolapsed iris being removed under infiltration or general anaesthesia a 
few days later. 

(4) Intra-ocular hmnorrhage. This may occur at the end of an 
apparently successful operation. The patient usually complains of 
pain, the wound slowly opens, and a large bead of vitreous appears. 
The only hope of saving the eye lies in the immediate application of 
a pad and a firm bandage. Unfortunately, however, the hemorrhage 
usually continues in spite of this, forcing the vitreous, and sometimes 
even the retina, into the wound, so that the eye has to be excised. 

(o) Prolapse of iris. At the conclusion of the operation it may be 
found that the iris will not go back easily into the eye, or that having 
been reposed it shows a tendency to come out again. In such cases it is 
wise to perforin peripheral iridectomy by picking up a small fold of iris 
near its root and snipping it off with iris scissors, the blades being held 
tangentially to the limbus. In other cases it is necessary to perform 
a complete iridectomy. If the prolapse does not occur till later, it 
should be dealt with by abscission after infiltration of Tenon’s capsule 
with novotame. because it is almost impossible to render the exposed 
ins insensitive, even by the application of solid cocaine. In a fair 
proportion of these cases, even though the prolapsed iris is removed, 
the pupil becomes displaced so far upwards that the eye is useless for 
purposes of vision (see fig. 2468), and the operation of iridotoniy ia 
required. This consists in making a slit in the iris, so that a gap is formed 
in t he position normally occupied by the pupil. A similar complication 
sometimes follows retroversion of the iris, in which the upper portion 
of the iris becomes folded back over the ciliary body. 

(G) Detachment of the choroid. This complication probably occurs in 
about 90 per cent of operations for cataract or glaucoma. In the 
majority of cases the detachmeut is ouly slight in degree, and as the 
choroid becomes reposed in the course of a few days, it is not noticed. 
In others, however, particularly if there is delayed closure of the wound 
so that the anterior chamber does not re-form, the detachment is bigger 
and can be seen with the ophthalmoscope as a dark, almost black, area, 
obscuring part of the fundus. The condition is seldom of any clinical 
importance, though in the first case in which it was noticed the eye 
was excised because it was thought to contain a choroidal sarcoma. It 
disappears after a variable period when healing of the wound has become 
complete, and leaves no ill-effects behind it. 
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(7) Post-operative iritis. A mild degree of this probably occurs 
in all cases of cataract extraction, but if adequate pre-operative 
precautions have been taken it should be only slight. Should the 
iritis be severe, it means that some source of infection, either local or 
general, has been overlooked, and a painstaking examination of the 
patient is called for, subsequent treatment being based on the findings. 
Locally, the eye should be treated on the lines already laid down for 
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Iritis, while if the iritis continues for longer than three or four weeks, it 
may have to be excised on account of the danger of sympathetic 
ophthalmia in the fellow' eye. 

Needling or discission. In patients under the age of thirty, a 
cataractous lens is usually soft enough to be removable by the solvent 
action of the aqueous, provided this fluid is given access to the lens 
fibres. This is afforded by the following operation (Ziegler’s method) : 
After cocainisation and dilatation of the pupil (in small children, a general 




aiuosthetic is required), a speculum is inserted and the patient directed 
to look down. The eye is steadied with fixation forceps which grasp 
the conjunctiva below, and a Ziegler knife-needle (fig. 2IG9) is inserted 
on the flat inside the limbus at 12 o'clock (fig. 2470). The point is 
carried downwards until it is just under the edge of the dilated pupil, 
at 4.30 o’clock, when the handle is raised ami rotated so that the point 
is made to enter the lens and pass through its entire thickness. By with- 
drawing ami wising the handle of the knife-needle, its Made w nude to 
cut through the whole thickness of the lens along a line from 1.30 to 
12 o’clock. The procedure is then repeated, so as to make a linear 



EYE 


4587 


is usually turned down over the cornea and kept stretched by an iris 
repositor laid horizontally upon it, but it is sometimes easier to bit ail 
the right plane for dissection if the flap is laid back on the sclera with 
the Tooke knife deep to it, and clearly visible through the trans- 
lucent tissues (fig. 2473). Wien this part of the operation has been 
successfully performed, the so-called “ dark crescent ” of cornea can be 
clearly seen. With the flap drawn forwards, the trephine, held between 
the thumb and the forefinger, is applied close to it, so as to make the 
hole in the corneo-sclera as far forward as possible without actually 
buttonholing the flap. The trephine should be sloped a little to the temp- 
oral side, and gently rotated until it has cut out a disc of corneo-sclera. 
When this occurs, the patient usually feels a little pain owing to contact 




between the trephine and the iris, and the pupil, unless bound down, 
becomes oval in an upward direction. The assistant must be on the 
watch for this, otherwise the trephine may pass into the eye and wound 
the lens. The trephine is now removed, and the disc is seen, attached 
by a narrow hinge of sclera on its inner side and pushed upwards by a 
black bead of prolapsed iris. This and the disc are grasped by a pair 
of iris forceps or Elliot disc forceps, ami cut off with a pair of de 
Weeker scissors held with the blades tangential to the limbus. The 
result is to remove the disc and produce a small V-shaj»ed peripheral 
gap in the iris. Some surgeons prefer to perform these two operations 
separately, the iris usually being removed first, because of its liability 
to slip Kick into the eye. 

If the pupil is not quite round, the iris is smoothed back into plare 
by stroking the cornea gently with an iris repositor, after which the 
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incision from 7.30 to 12 o’clock, and thus produce a wide 
inverted V {fig. 2470). In favourable cases, tbe lens matter will gradu- 
ally dissolve, and in the course of one to three months a clear pupil 
will be left. In others, secondary glaucoma will develop owing to the 
aqueous being rendered viscous by dissolving lens matter. In these 
cases it is necessary to make a keratome incision at 12 o’clock, 
about 5 mm. long and \ nun. behind the limbus. An irrigating cannula 
(see fig. 2471) is introduced through this and the remnants of lens matter 
are washed out with sterile normal saline at body temperature. This 
procedure may also be required in cases where it is desired to hasten 
the clearing of tbe pupil or where there is undue delay in solution of the 
lens matter. 

The operation of discission is also required when a membrane or 
lens matter remains in the pupil after cataract extraction. In these 
cases, the needle is made to enter the eye at the limbus on the temporal 
side, the point being carried slightly beyond the centre of the pupil 
before it engages the membrane. The direction of the incision is varied 
to suit the requirements of the case, thus it should be horizontal if 
the membrane appears to be specially tense in the vertical direction, 
so that the edges will gape well. This operation should not be per- 
formed until at least six weeks after the original extraction, otherwise 
the wound may re-opeu. Some membranes are very tough and, if it is 
impossible to secure an adequate opening, may have to be removed 
by forceps through a keratome incision. 

OPERATIONS FOR GLAUCOMA 

The operations of iridectomy and of posterior sclerotomy have 
already been described. Trephining is performed, under cocaine 
anaesthesia, as follows : 

A speculum is inserted, preferably the type with solid blades 
(Lister’s) which cover the eyelashes, and the patient is directed to 
look down. A fold of conjunctiva is picked up with fixation forceps 
about 8 mn\. above 12 o clock on the limbus, and a large Bap made, 
the margin of which is almost coucentric with the cornea (fig. 2472). The 
flap is dissected up with scissors, care being taken to make it as thick 
as possible. When the corneal margin at 12 o’clock is reached, the 
surgeon takes a Tooke knife and carefully splits the cornea for a 
further millimetre. It is important to work at exactly the right place, 
i.e. just in the plane of the conjunctival flap. If the knife is placed too 
far forwards, the conjunctiva is buttonholed ; if too far back, all that 
happens is an ineffectual scratching of the sclera. The flap at this stage 
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is usually turned down over the cornea and kept stretched by an iris 
repositor laid horizontally upon it, but it is sometimes easier to hit oft 
the right plane for dissection if the flap is laid back on the sclera with 
the Tooke knife deep to it, and clearly visible through the trans- 
lucent tissues (fig. 2473). When this part of the operation has been 
successfully performed, the so-called “ dark crescent ” of cornea can be 
clearly seen. With the flap drawn forwards, the trephine, held between 
the thumb and the forefinger, is applied close to it, so as to make the 
hole in the cornco-sclera as far forward as possible without actually 
buttonholing the flap. The trephine should be sloped a little to the temp- 
oral side, and gently rotated until it has cut out a disc of corneo-sclera. 
When this occurs, the patient usually feels a little pain owing to contact 




between the trephine and the iris, and the pupil, unless bound down, 
becomes oval in an upward direction. The assistant must be on the 
watch for this, otherwise the trephine may pass into the eye and wound 
the Jens. The trephine is now removed, and the di>c is seen, attached 
by a narrow hinge of sclera on its inner side and pushed upwards by a 
black bead of prolapsed iris. This and the di.se are grasped by a pair 
of iris forceps or Elliot disc forceps, and cut of! with a pair of de 
Weeker scissors held with the blades tangential to the limbus. The 
result is to remove the disc and produce a small V-shaped peripheral 
gap in the iris. Some surgeons prefer to jjerform these two ojierations 
separately, the iris usually being removed first, because of its liability 
to slip back into the eye. 

If the pupil is not quite round, the iris is smoothed hack into place 
by stroking the cornea gently with an iris repositor, after which the 
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conjunctival flap is reposed and secured in place with one or two sutures. 
Atropine is then instilled and both eyes covered, the after-treatment 
being the same as for a cataract operation. 


DIFFICULTIES AND COMPLICATIONS 

(1 ) Buttonholing the conjunctival flap. This may occur at the time that 
the cornea is being split, or the hole may be cut when using the trephine 
owing to its being placed too far forwards. In the first case, the flap 
should be extended laterally so as to allow of the trephine hole being 
covered by intact conjunctiva. In the second case, the following 
procedure (von Mende) should be carried out : 

Extend the buttonhole about 2 mm. towards the nasal side and 8 mm. 
towards the temporal side by cutting round the limbus with scissors, and 



outline a flap (fig. 2474 a). This should now be mobilised and attached 
to the sclera with sutures as shown in fig. 2474, 6 and c, thus providing 
a covering to the trephine hole. 

(2) Failure of the iris to prolapse. This is usually due to the cornea 
not having been split far enough forwards. An attempt to pick out 
the iris with forceps may result in damage to the lens and subsequent 
traumatic cataract, so it is best left alone. Should the iris prolapse sub- 
sequently. it can easily be removed after reflecting the conjunctival flap. 

(3) The disc goes into the anterior chamber. Should the disc he cut 
out quite cleanly and fall to the bottom of the anterior chamber, it can 
be left and will do no liann. If, however, as more commonly happens, 
it is still attached to the edge of the hole by a few strands of sclera, 
the disc may swing back into position again after the operation ami 
block it. Some operators advise leaving the disc even under these 
circumstances, but it is usually possible to bring it outside the eye by 
careful manipulation with a Tyrell hook. 

(4) Closure of the trephine hole. In a certain proportion of cases 
drainage never becomes properly established, or, after having existed 
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for a short time, it ceases owing to the trephine hole healing over. Tins 
is usually due to the cornea not having been properly split at the time 
of operation, so that the trephine was placed wholly on the sclera and not 
overlapping the cornea. Its occurrence necessitates the performance 
of another operation over a different portion of the corneo-sclera. If 
the second hole closes and the operation has to be performed a third 
time, it may be advisable to use a trephine of 2-mm. diameter instead 
of the usual I| mm. 

(5) Delayed formation of the anterior chamber. This is seldom a 
cause of anxiety though it may be a matter of weeks before the 
chamber is properly formed and there may be a large detachment of the 
choroid. Occasionally, however, it never forms, the lens becomes 
opaque, and vision is lost. 

DETACHMENT OF THE RETINA (sec also page 4344) 

The first essential is accurate localisation of the hole or holes in the 
retina. The overlying sclera is then exposed and subjected to diathermy 
with a special type of instrument. The effect of this is to produce a 
traumatic inflammation in the subjacent choroid, so that when the 
sub-retinal fluid is let out by puncture of the sclera, the margins of the 
retinal hole become adherent to the choroid, and the hole is completely 
blocked. 

SQUINT OPERATIONS 

These are usually performed in cases of concomitant squint (see 
page 4302), though occasionally paralytic cases are benefited by 
surgical interference if the condition has persisted for over a year 
and general treatment has been of no avail. The majority of con- 
comitant squints arc convergent, and the operations consist in : 

(1) Weakening or lengthening the internal rectus. 

(2) Shortening or " advancing ” the external rectus. 

In some cases, both these procedures are carried out at the same time, 
so as to increase the amount of correction obtainable. The degree to 
which one or other operation is to preponderate should be carefully worked 
out beforehand. If the angle of the squint is greater in distant vision 
than in near vision (divergence insufficiency), the strengthening of the 
external rectus should be greater than the weakening of the internal 
rectus, whereas in the converse condition (convergence excess), the 
internal rectus effect should be the more marked. 

Opinions vary as to whether these operations should be carried out 
under local or general anaesthesia, but the author's preference is in 
favour of a general anaesthetic. 
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OPERATIONS TO WEAKEN THE INTERNAL RECTUS 

(1 ) Tenotomy (fig. 2475). A vertical incision, 5-7 mm. long, is made 
tliroindi the conjunctiva about 4 min. to the nasal side of the limbus. 
This is best done with scissors which are then used to dissect up the 
nasal margin of the wound for a short distance. This allows the epi- 
scleral tissue and Tenon’s capsule below the tendon of the internal 
rectus to be snipped through so that a squint hook can be introduced 
between the tendon and the globe. Seizors arc now passed along in 
front of the hook, and the tendon is severed as close to tlie globe as 
possible. A small squint hook is then passed into the wound and 
moved up and down to determine whether all the tendon fibres have 
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been divided ; if any are found they must, of course, be cut through. 
The operation is completed by muting the conjunctiva with one or two 
sutures. It usually produces 10-15 degrees of correction, but even in 
experienced hands the result is variable, and in a few years’ time the 
eye may become widely divergent owing to slipping back of the muscle. 
This difficulty can be overcome by stitching the muscle to the sclera 
when the operation is known as : 

(-) Uccesswn The tendon is exposed as before, but the conjunc- 
tival incision should be almost at the semilunar fold, and the muscle 
grasped in Prince forceps before it is severed from the globe, the for- 
ceps being placed some 2 mm or so from the line of section. Double- 
armed sutures are used of No. I silk, about 7 inches long, and of the 
type m whieh the silk is fixed in the end of a small curved needle. 
The point of tills is placed on the eye in line with the upper end 
of the cut tendon, and at a predetermined distance from it, which 
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is best measured by calipers. The needle is passed vertically 
downwards, so as to pick up a few fibres of sclera. It is carried 
on so as to penetrate the muscle from behind forwards at a point just 
belo\v its upper margin and in front of the Prince forceps, and 
brought out through the conjunctiva forming the nasal margin of the 
wound. The other needle is made to come out through the conjunctiva, 
forming the temporal side of the wound (fig. 2470). A second stitch is 
passed in a similar manner, but in line with the lower end of the tendon. 
When these stitches are tied, the conjunctival wound is closed,. and the 
tendon is anchored to the sclera at the point where the stitches have 
been passed. This point, as already mentioned, is determined before 
the operation, and the following table (quoted from Wilkinson) affords 
a guide as to how far the tendon should be put back : 

Recession of 3 min. will correct 1 1 degrees of squint. 

„ 4 „ „ „ 15 

„ 5 „ „ „ 19 

If the muscle is put back more than 5 nun. there is a risk of divergence of 
the eye later. 

OPERATIONS ON TUB EXTERNAL RECTUS 
(1) Resection. The muscle is exposed by a vertical incision in the 
conjunctiva over its insertion, i.e. 7 nun. to the temporal side of the 
limbus. It is freed from surrounding tissues and grasped in Prince 
forceps, and its tendon is cut through 1*5 nun. from its insertion, thus 
leaving a stump of this length attached to the eyeball. A double-armed 
No. 1 silk suture is now taken and both needles are passed through 
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it is likely to become extruded later. The conjunctiva is united by 

interrupted silk sutures. 

The advantage of this operation is twofold : 

(1) The glass eye has better movement. 

(2) Being supported from behind, it does not sink back into the 
orbit, and the lids are kept more widely apart. 

A third variant of enucleation is Mules operation. Here the con- 
junctiva is divided and separated from the sclera as before, but the 
muscles are left intact. The cornea is removed by an incision round 
the limbus which extends a little into the sclera at each end of the 
horizontal meridian. The contents of the eye are eviscerated. Mules’ 
scoop being a convenient instrument for the purpose. Care must be 
taken to remove everything down to the sclera and not to leave frag- 
ments of uveal tissue. After haemorrhage has been checked, a glass ball 
of suitable size is inserted and the sclera united in the horizontal 
meridian by sutures of strong white silk. The conjunctiva is then 
brought together in the vertical meridian by means of interrupted black 
silk sutures which are removed at the end of a week. 

There is usually a considerable reaction with swelling of the lids 
for the first few days. After successful performance of this operation, 
the mobility of the glass eye may be so good as to deceive even ail 
experienced observer Unfortunately, however, its application is 
limited to cases where : 

(1) There is no risk of sympathetic ophthalmitis. 

\2) There is no question of the eye containing a neoplasm. 

(3) The Ulterior of the eyeball is not grossly infected (panophthal- 
mitis). Should this be the case, simple e\ laceration may be performed. 
The cosmetic effect of this is often surprisingly good, the procedure being 
the same as Mules' operation except that no glass ball is inserted, the 
conjunctiva is not separated from the sclera, and the edges of the latter 
are not united. 

Exenteration Is required in some cases of malignant disease of the 
orbit. If the lids are not involved in the growth, they may be retained, 
but the free margins carrying the lashes should always be removed. 
The outer canthus is divided with scissors, so as to expose the outer 
border of the orbit, and the conjunctiva of the lower fornix is then cut 
through with a sharp scalpel so as to expose the lower border of the 
orbit, the upper being exposed by a similar incision through the con- 
junctiva of the superior fornix. These incisions meet on the inner side, 
over tlio front part of the lachrymal bone. Both lids can now be easily 
drawn apart with tenacula. allowing the entire orbital border to he 
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exposed, and an incision made round ifc through the periosteum. By 
means of a periosteal elevator or closed slightly curved scissors pushed 
between the bone and the periosteum, the orbital contents cun be 
shelled out as far as the apex. The mass is then removed as far back 
as possible by a few snips of the scissors. Haemorrhage can usually be 
checked by tamponing, though sometimes a cautery may be required. 

The cavity thus left takes a long time to granulate, and a better 
result is obtained if it be skin grafted. For this purpose a Stent mould 
is made of the orbit, and round it is wrapped a Thiersch graft of suitable 
size with the raw surface outwards (Gillies). The graft is best taken 
from the inner surface of the thigh, where a sufficiently large area of 
hairless slrin can be obtained. It is inserted into the orbit, wrapped 
round the mould at the conclusion of the operation, and is kept in place 



by the dressing. If the skin of the lids is to be used to cover the anterior 
part of the orbit, they should be split so as to allow removal of the 
tarsal cartilages and conjunctiva. The lash-bearing margins should, 
of course, also he removed. 

Krunleins o\>cration provides a means of removing an orbital 
tumour while leaving the eye in situ. The incision. 7 cms. long in an 
adult, starts at a point about half an inch above the external angular 
process of the frontal hone, curves forwards to bisect a horizontal line 
joining the outer eanthus and outer orbital margin, and then back- 
wards, to terminate at the middle of the zygoma. The central part 
of this incision goes down to the bone so as to expose the orbital margin 
and allow the introduction of an elevator with which the periosteum 
is separated from the outer wall of the orbit. The contents of the latter 
are held away with a spatula, and the spheno- maxillary fissure is 



4596 


POST-GRADUATE SURGERY 

located and marked with the elevator. An incision through the bone 
is then made with a chisel or electric saw from a point a little above 
the external angular process of the frontal bone to the anterior end of 
the fissure, and a second one from the base of the orbital process of the 
malar bone backwards to the same point (see fig. 2479). A wedge-shaped 
portion of hone has thus been resected and can be swung outwards, 
exposing the periosteum which lines the lateral wall of the orbit. This is 
incised with scissors from before backwards, so that the contents of the 
orbit can be explored. If freer access is required, the external rectus 
can be divided between catgut sutures which are used to reunite it at 
the end of the operation. After removal of the tumour and arrest of 
haemorrhage, the bone is swung back into place, the periosteum united 
with catgut sutures and the skin incision sewn up in the usual manner. 

If the tumour be located in the anterior part of the orbit, a less 
extensive procedure may suffice for its removal. A skin incision is made 
from the supra-orbital notch to the temporal side of the orbit parallel 
to its upper margin. The periosteum can then be stripped off the bone 
and the orbital contents depressed sufficiently to leave room for surgical 
manipulations. 
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CHAPTER I 
Examination of the Ear 
I. Case History 

The points of particular importance are : 

(1) Nature of onset: whether with deafness, tinnitus, pain, or 
feeling of “ congestion ” or “ tightness.” 

(2) Nature of discharge, if any : whether scro-sanguineous, mucoid 
or purulent. 

(3) Condition prior to onset : coryza, “ influenza,” other acute 
infections, previous trouble with either ear. 

(4) Pain, headache or vertigo. 

If. General Inspection 

(1) A first observation will show the position of the head. Torti- 
collis suggests irritatiou of the stemo-mastoid either by deep abscess 
(Bezold’s mastoiditis) or by inflamed glands. Rotation of the head 
suggests labyrinthine or intra-cranial complications. Retraction or 
rigidity suggests meningeal irritation. Facial weakness on either side, 
and any squint or nystagmus should be noted. 

(2) The relation of the affected ear to the side of the head should be 
compared with that of the sound one. Is the position unaltered, or is 
the car pushed outwards, forwards or downwards ? This imq>cction 
should be made from in front and behind ; from behind we shall see 
whether the retro-auricular sulcus shows clearly. 

(3) Is there any swelling ? 

(a) In front of the ear (c.g. of the pre-auricular gland or of the 
parotid). 

( b ) Above the ear (e.g. in the temporal or zygomatic region*). 

(c) Behind the ear (e.g. of the mastoid itself or of the mastoid 
lymphatic glands). 

(d) Below the ear (e.g. of the stemo-mastoid muscle or of the 
cervical lymphatic glands). 

(4) Appearance of the auricle : whether normal or ml and swollen ; 
presence of discharge or eczema. Palpation for tenderness and uxlcma 
should be deferred until the rest of the examination is finished. 
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III. Otoscopy 

Accurate knowledge of tic normal and of tie diseased appearances 
of tie drum is best acquired by tie use of the head mirror and 
reflected light, but for convenience at the bedside and in private 
houses, the electric otoscope (fig- 2481) has many advantages 
Tie instrument should be simply and strongly made; it should 



have a suction attachment (“ Siegle’s speculum ”) so that the pressure 
in the meatus can be altered under direct observation, and the air-tight 
lens-head should be replaceable at will by a small lens on a swivel which 
allows instruments to be passed ipto the meatus under magnification. 

Some Practical Points in Otoscopy 

(1) The speculum is straight and the soft meatus is bent. In order 
to straighten the meatus, the auricle should be drawn upwards, hack- 
wards and outwards. In infants and young children the meatus is not 
fully developed, so the auricle must be pulled doim to give a view of 
tlie membrane ; sometimes this infantile condition persists in the adult. 
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(2) A wanned speculum is often much appreciated by a patient 
with a sensitive meatus. 

(3) Swellings and ulcers in the outer part of the meatus are best 
seen by the head mirror and reflected light without any speculum. 
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(4) The universal rule of surgery holds good : the better ear should 
be examined first. This gives the patient confidence, and may give us 
information as to previous inflammations or anatomical peculiarities. 

Removal of Cerumen, Debris and Pus 

If an electrical suction apjxiraius is available, the simplest and .safest 
way of clearing the meatus is by a Eustachian catheter, straightened out 
and attached to the suction tube. The nozzle of the catheter must be 
kept under direct observation and must not touch the meatal wall. 
This method is especially useful when cerumen is impacted in a tender 
and swollen meatus. 

Sijrimjimj is the usual uuthot}, but the syriwje must naer le 
used : (1) If there is a history of injury to the car (e.g. laceration 
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of the membrane or any possibility of a fracture of the basis cranii) ; 

(2) When severe pain suggests the possibility of an acute otitis media 
behind a mass of cerumen ; (3) Within forty-eight hours of a perfora- 
tion or incision of the membrane in acute otitis media ; (4) When there 
is an old dry perforation or an attic perforation with retained choleste- 
atoma ; (5) In acute eczema of the ear ; and (6) In some cases of a 
foreign body in the meatus (see page 4611). 

Practical Points in Syringing 

(1) The all-metal “ aural syringe ” is clumsy and inefficient. It 
usually jams or leaks after a few weeks’ use. It is far better to provide 
a large urethral syringe of the Record type. 

(2) The water should be warm, about 98° F., otherwise irrigation 
may cause pain or vertigo. All air should be expelled from the syringe 
before starting the douching.' 

(3) The patient’s head must be firmly supported lest a sudden 
involuntary movement should drive the nozzle against tho meatal wall 
or the drum. 

(4) Cerumen swells when wet ; therefore, if we start syringing, the 
main mass must be removed, however difficult it may be, otherwise 
the swelling of the impacted cerumen may cause pain, or even damage 
the membrane. 

When syringing is contra-indicated and no suction apparatus is 
available, pus and loose debris should be removed under direct vision 
with wisps of wool wrapped around a probe ; cerumen can be extracted 
with a small spoon or right-angled hook passed gently along the meatal 
wall. If this is done, the greatest care must be taken to steady the 
patient s head, and the end of the instrument must be seen the whole 
tune. 

II hat must be done ichen the condition is too jxtinful to allow adequate 
chafing oj the meatus ? 

(1) If the pain is due to swelling of the soft meatus (e.g. in furun- 
culosis). inspection of the drum is usually of secondary importance and 
harm will be done by untimely vigour. Treatment of the local condition 
must come first. 

(2) But if the pain is associated with impacted cerumen, there must be 
uo hesitation in giving an anesthetic and removing the obstruction 
with instruments. It is a safe rule in such a case that the greater 
the difficulty in seeing the drum, the more likely it is that there 
is an acute inflammation and the more necessary it is to make 
sure. 
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Examination of the Meatus and Membrane 

(1) The Meatus. Note any swelling or excoriation. A swelling in 
the wall of the bony meatus cannot be a furuncle, as furuncles arise in 
the pilo-sebaccous glands, which do not extend beyond the cartilaginous 
meatus. A hard swelling in the wall of the deep meatus is probably 
an exostosis, a soft swelling cither periostitis, a subperiosteal abscess 
or (rarely) a cholesteatoma breaking through the posterior meatal wall. 
Blood-blisters suggest otitis externa hamiorrhagica (see page 4G18) or 
(rarely) herpes (see page 4G19). Pouting granulations on the posterior 
wall usually surround a fistula into the mastoid cells. Polypi should be 
unmistakable (but sec page 4605), and remember that a dark, friable 
bleeding polypus may be malignant. 

(2) The Drum (fig. 2482). The most constant landmark is the short 
process of the malleus. This is the last point to be submerged by a swell- 


Fig 2182— -XOUUL TTHfAXlC MUIIEAXE 
(Right) 

1. l’o»«trior foM 
2 Shr»pn*H'» mr robtinr 
3. Short proem of th« nulleui. 

1 Anterior fol*l 

S. Cone ttf fight 
6 L'mlm 

7. lUntil* of ro*llru» 

8. Long prvcrM of ll* incu» 


ing drum, and survives the destruction of the rest of the tympanic 
contents by suppuration. Taking this as the “ rallying point ”, the 
handle of the malleus can be traced down from it ; the long process 
of the incus, articulating with the stapes, lies behind ; immediately 
above it is Shrapnclls membrane, and above that the outer bony wall 
of the attic, in which are the head of the malleus and the body of the 
incus. 

The margins of the tyni}>anic membrane should Ih» identified next, 
and any perforation or bulging can then be ‘’.died " in relation to 
fixed landmarks. For convenience it is usual to adopt some arbitrary 
marking, either sub-dividing the drum into quadrants, or, better, using 
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the “ clock-face ” convention of the musketry instructor (figs. 2483 anil 
2484). Bulging of the drum may be confusing if it is so pronounced 
that the handle of the malleus and the attachment of the membrane 
are obliterated ; it is revealed by the loss of landmarks and the apparent 
continuity of the posterior wall and the membrane. Pulsation is easily 
detected. This is usually a sign of increased pressure in the tympanic 
cavity with escape of pus through an inadequate perforation of the 
drum. The appearance of a hair line across the drum surface, which 



remains horizontal whatever the position of the head, or of a shifting 
bubble, shows that the tympanic cavity is partially filled with fluid, 
which is usually serous or mucoid (catarrhal otitis media). 

Common Mistakes 

(1 ) There is a mistake which is so elementary that it seems incredible 
until one lias actually made it. If the ear is not pulled out enough to 
straighten the curves of the soft meatus, the speculum points backwards 
and what is seen is the posterior part of the meatus and the adjoining 
rneatal wall. The margin of the membrane may then be taken for the 
malleus, and the neighbouring meatal wall appears to be as a ** red ” 
or “ opaque “ posterior part of the membrane. 

(2) Missing an attic perforation can be avoided by identifying the 
upper margin of the membrane and carefully inspecting the meatal 
wall and roof above it. An attic perforation is often hidden by a small 
crust of dried pus. 

(3) Failing to recognise pus behind a pallid drum ; this “ pale 
bulge ” is often missed, but it should be detected by the loss of land- 
marks and the altered curvature of the membrane. 
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(4) Mistaking a polypus blocking the bony meatus for a bulging 
drum. The sharply defined margin of the protrusion, its proximity 
to the surface, and its insensitivity to a probe establish the diagnosis. 

(5) In infants, the drums often bulge when the child cries ; this 
bulging is due to air, not to fluid. 

(6) In some children and a few adults, the introduction of a speculum 
into the meatus causes a reflex congestion of the tympanic vessels. 
This transient flush must not be taken as a sign of inflammation. 

Some Difficulties 

The appearance of the drum in chronic lion-suppurative deafness 
does not concern us from the surgical standpoint. It should be remem- 
bered that the slope of the membrane varies at different ages and in 
different individuals. In young children it is more nearly horizontal 
(25° inclination). “ Thickening ” of the membrane is an inaccurate 
term often used when opacilxj is meant ; there is one real thickening of 
the membrane, and that is a pallid infiltration, which is usually due to 
pneumococcal infection. Granulations or swollen mucosa protruding 
through a perforation may be very puzzling. The true state of affairs is 
usually revealed by instilling a few drops of adrenalin. 

Fig 2483.— Diagram mowtso now r*it cat 
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Pain referred to the ear from else ti here is a common difficulty. If 
nothing can be found in the car it&clf to account for the pain, the cause 
must be sought in the area connected with the geniculate ganglion 
(fig. 2185), or in the region of the inferior division of the trigeminal, 
from which the mirieulo-temporal nerve Is derived. The moat common 
source of pain referred to the ear is a carious lower molar, especially an 
impacted wisdom tootli ; after this in frequency come ulceration in 
the tonsil, pharynx or larynx, sphenoid suppuration, and extrinsic 
carcinoma of the larynx invading the pyriform fossa. 

\Otrn. III. 2 l* 


Cossensn 
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IV. Examination of Hearing 

In surgical conditions of tlie ear, as distinguished from the various 
kinds of deafness without suppuration, quantitative estimation of 
hearing by standardised tuning forks or by the audiometer is of 
scientific rather than of practical value. The only exceptions are the 
cases, at present very rare, in which operative measures are attempted 
for the relief of otosclerosis (see page 4GC6). 

For ordinary surgical purposes it is enough to know roughly : 

(1) Whether the deafness is partial or complete : 

(а) If partial, how much useful hearing remains ? and 

(б) Is the deafness increasing or diminishing ? 

(2) What is the relative involvement of the middle ear and of the 
nerve ? 

Total deafness of an infected ear suggests labyrinthitis , and in such a 
case the labyrinth tests (see page 4660) must always be carried out. 
Total deafness can only be proved by excluding all hearing either by air 
or by bone in the other ear, which during the testing must be 
artificially deafened by some such device as the Barany “ noise box ” or 
by continuous syringing ; putting a finger in the meatus or rubbing the 
tragus is quite useless for the purpose. 

For our purpose paitial deafness is best measured by the spoken 
voice, so pitched as to be just heard plainly by a normal ear twenty 
feet away. 

Comparison of middle ear and nerve deafness is made by tbe tuning 
fork tests. These are based on the comparison between hearing by air 
conduction and by bone conduction in the patient, and the further 
comparison of the results obtained with the hearing of the surgeon. 
For practical purposes %ve assume that when a tuning fork is heard 
by air the sound is conducted through the middle ear to tlie oval 
window and so to the cochlea ; when it is heard by bone, vibrations 
pass in the bone direct to the cochlea (fig. 2486). Thus air conduction 
gives us a rough measure of the efficiency of the middle ear ; bone 
conduction of that of the nerve. 

Normally we hear better by air conduction than by bone conduction 
for two reasons : air-borne sounds are magnified by the conducting 
apparatus of the middle ear, and bone-conducted sounds are obscured 
by the extraneous noises heard by air. Thus hearing by bone is 
improved if extraneous noises are abolished by obstructing the 
external auditory meatus, and if there is any interference with the 
mechanism, either by obstruction of the meatus or by disease of 
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the middle ear, hearing by air is diminished and hearing by bone 
improved. 

If there is any damage, short of destruction, of the inner car (coch- 
lea and nerve-endings) hearing by air and bone are both diminished ; 
but, as the conducting apparatus, with its power of magnification, is 
still intact, air-conducted sounds will be heard much better than those 
conducted by bone. 

These remarks do not apply to the higher notes. The normal 
hearing range is from 16 to about 20,000 double vibrations per second. 


f'j. 2186 . — Diagram dcmct 
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'Sound Conduction' 'Sound Perceiving.' 

Above 4000 double vibrations the magnifying action of the middle ear 
does not afiect the sounds, and the very highest notes are heard better 
by bone than by air. 

We can say that damage to the middle car affects air conduction 
more than bone conduction, and interferes more with the low notes 
than with the high ; damage to the inner car affects bone conduction 
more than air conduction and high notes more than low ones 

On these observations we base the hearing tests by tuning forks : 

(1) The Weber Test. A tuning fork of 256 double vibrations is 
struck, and the base is placed on the mid-line of the skull. The sound 
is “ Iateralised ” to the deaf ear in diseases of the conducting apparatus ; 
to the good car in diseases of the cochlea. 

(2) The Rhine Test. A tuning fork of 256 double vibrations is 
used. The base of the fork is applied to the base of the mastoid pro- 
cess, and then the fork is moved and the tips of the prongs are held as 
close as possible to the meatus. The fork should be heard by air for 
some seconds longer than it is by bone ; this is the “ positive M Hinne 
test. If it is heard longer by bone than by air, the test is “ negative ” 




4003 POST-GRADUATE SURGERY 

and is a sign of interference with the concluctine 
result is “ positive ” hut the patie.it cannot h. .■ 
long as a normal hearer, ivc speak of a ’ 
and suspect some lesion of the cochlea or 
(3) The Schimbach Test measures bon 
the fork is held to the patient’s mastoid aim 
ver, and this alternate testing is continued nut 1 
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Kinrp lest Ncg*Uir , furl heard better by bone 

Weber test Fori heard better in the deni e»r 
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either unchanged or slightly diminished. 

Tone limit* High tone* heard better than low. 
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longer hears the sound. Now, the test is modified by blocking the 
meatus of the patient and the observer with a finger so as to make both 
equally deaf to extraneous sounds ; this is known as the test of 
“ absolute bone conduction.” 

The results of the tests axe summarised in the diagrams (figs, 2487 
and 2488). 

(4) Estimation of the high and low tone limits is of great importance 
in the accurate diagnosis of deafness, but in surgical work is rarely 
necessary. To do it properly we need a complete range of tuning forks, 
and some special instrument such as a monochord or an audiometer 
for the high notes. 
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Surgical Conditions of the Auricle and External 
Auditroy Meatus 

THE AURICLE 

The common conditions of surgical importance are lucmatoma and 
perichondritis. In both conditions there is an effusion, in one case of 
blood, in the other of pus, between the cartilage and the perichon* 
drium ; as the skin is firmly adherent in front and loose behind, the 
swelling appears on the back of the auricle ; in both conditions 
there may be necrosis of cartilage with ultimate deformity of the 
auricle. 

Oto-hccmatouia is usually caused by a blow, but is said to appear 
spontaneously in feeble patients with degenerate arteries. 

Treatment. Generally the fluid is absorbed, and the only treatment 
needed is the application of compresses of lotio plumbi with Ann 
bandaging. (I) If absorption proceeds slowly, light massage may be 
cautiously used when all tenderness has gone. (2) If there is no 
diminution in the swelling after a week, the fluid should be aspirated 
with a syringe and a wide-bore needle at the point of maximum fluctu- 
ation. This may be repeated in two days’ time. (3) If these methods 
fail, the swelling should be incised. The incision should go through the 
perichondrium, but should not touch the cartilage. The clot must be 
mopped out as gently as possible, all bleeding points secured, the incision 
closed without drainage, and the ear tightly bandaged. The essential 
points are to avoid (a) starting a fresh effusion, and (b) infection. 

Perichondritis may be due to infection of a luematoma, but 
is usually caused by infection of the wound in a mastoid operation 
when a meatal flap has been cut ; in this case the organism is always 
It pyocyancus. Diagnosis is established by the tenderness, redness 
and swelling of the auricle, with the typical bluish pus from the meatal 
wound. 

Treatment. If the mastoid cavity is full of granulations it is packed 
with gauze soaked in 2 per cent silver nitrate, but if it is open all the 
plugging is removed and the cavity kept full of pow dered boric acid. 

4G09 
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The auricle is enfolded between, two sheets of lint, thickly smeared 
with “ Ron salve ” (an ointment of ol. sesami 30 grs., colofonium 7 grs., 
comp, resinoa canad.c.oxyg. act. 18 grs., acid carbol. 2 grs., and cera 
flava ozon. 16 grs.). Fomentations and hydrogen peroxide must not 
be used. If the swelling shows fluctuation it must be freely incised. 
Any completely loose fragments of cartilage are removed, otherwise the 
cartilage is rigorously respected : there must be no scraping or curet- 
ting. The incision is packed widely open with a strip of rubber 
dam. After incision fomentations may be used, for which hypertonic 
saline or boric acid is best. 



THE EXTERNAL AUDITORY MEATUS 
Exostoses. (1) Occasionally there is a single, pedunculated exos- 
tosis. If this is large enough to block the deep meatus and thus interfere 
with hearing (which it seldom does) it should be removed. The operation 
for impacted foreign body (see page 4612) is performed, a stout snare 
is slipped over the exostosis, and the stalk divided. (2) Sessile exostoses 
are usually multiple. Removal is always difficult and dangerous, and 
generally useless : Difficult . because they are deeply embedded in the 
meatal wall ox arise from the tympanic ring ; dangerous, because there 
is often some associated change in the structure of the surrounding 
bone, and capable surgeons attacking them have been rewarded with 
facial paralysis, labyrinthitis, fractures of the base, and meningitis ; 
useless, because extreme deafness with multiple exostoses is often due 
to otosclerosis, and the exostoses are a manifestation of the disease, 
not a cause of deafness. 11 hat must be done when there is a chronic 


EAR 


4G11 


middle ear suppuration in the presence of multiple exostoses tchich hinder 
drainage ? Xo attempt must be made to remove the exostoses. The 
probability of infection is added to the normal risks. Some form of 
radical or conservative mastoid operation is undertaken (sec page 40-18), 
and if the exostoses prevent the establishment of iutra-mcatal drainage 
there must be no hesitation in establishing a permanent post-auricular 
fistula. It may look untidy, but the patient’s safety is more important 
than surgical propriety. 

Foreign Bodies in the Meatus. Usually there is a clear history 
that something has been put into the car and has not come out; 
occasionally, with a child, nothing is known until the ear becomes pain- 
ful and swollen. This is uncommon ; a foreign hotly, unless it is an 
insect or something which can imbibe water and swell, e.g. vegetable 
matter, rarely causes in fla mmation. For this reason, in a doubtful case 
where the meatus is too swollen to allow inspection, skiagrams seldom 
help. The method of removal depends on : (1) The patient, nearly always 
a child, often a stupid child, and usually a child badly frightened by 
agitated parents and enthusiastic amateurs. Therefore, if there is any 
difficulty, do not hesitate to give an anesthetic. (2) The condition of 
the meatus. If efforts at removal have been made, the meatus may he 
inflamed and swollen. If so, provided (a) that wc know that the 
foreign body is not one that can swell, and (6) there arc no signs of 
middle ear infection, it is better to wait until the inflammation has 
subsided before attempting removal. (3) The jnsition in the meatus of 
the foreign hotly. Foreign bodies, except small ones such as heads', 
rarely get deeper than the isthmus of the meatus unless they are 
pushed there by injudicious treatment. (4) The nature of the l>ody is 
important. A soft, liody that can swell must be removed without 
delay ; a hard body that is not causing acute symptoms may he dealt 
with at leisure. Beads can be removed with a wool-coated probe 
soaked in collodion, to which the bead will stick. Insects, if not dead, 
must be killed with a few drops of 3 per cent cocaine. 

Forceps are the most useless and dangerous weapons which can be 
chosen for the removal of a foreign body : the foreign body usually 
slips, so do the forceps, and the patient is luck}* if he escapes with a 
badly scratched meatus. Lacerations of the membrane are common 
results of attempts at extraction by forceps, and several cases arc 
recorded where the malleus was removed instead of the foreign body. 

Syringing is only pcnni-sible when : (a) the foreign body in loose in 
the meatus and the lotion can pass it and bring it out on the return 
flow ; or (6) it can be broken up by the current. Syringing is unless : 
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(a) if a hard body blocks the meatus, as the fluid \vill drive it further in ; 

or (6) if a small hard body, such as a bead, lies in the “ gutter ” 

between the membrane and the meatus, as there is uo backwash to 

bring it out. Syringing is dangerous if the body can imbibe water and 

swell. 

Foreign bodies can sometimes be removed by a small tube attached 
to a suction apparatus. 

If syringing fails or is contra-indicated : 

(1) A large speculum is put in. and with a good light a small curette 
or a right-angled hook is passed down the meatus beyond the body, 
which is then drawn out. If. which is rare, this fails : 

(2) Open operation is needed under general anesthesia. Preparation, 
instruments and position are as for a mastoid operation (see page 4636). 



F,„ 2190— tnuvxE. Ftf 2191.— Mastoiditis, 

The ibsc'H is superficial to lie periosteum, so the The sWcss surfs deep to the periosteum, so the 

e " ls pushed lorwsrds but is not others i»e die- eer is pushed downwnrda end outwards ae well si 

placed in relation to the ahull. forwards. 

(i) Incision for length of post-aural furrow J-inch behind the ear 
through skin and superficial fascia. Remember that in voting 
children the mastoid process is poorly developed and the" facial 
nerve superficial. 

(ii) Incise deep fascia and periosteum, reflect flaps and put in 
Mollison’s retractor. 

(iii) Identify the posterior bony wall of the meatus and spine of 
Henle. 

(iv) With a strip of gauze in forceps detach the soft meatus from the 
bone. 
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(v) The meatus is now fully open and the foreign body can be lifted 
out with a spoon. 

(vi) The incision is sutured without drainage, and the meatus is 
lightly packed with a strip of J-inch ribbon gauze soaked in 
10 per cent bismuth subnitrate in paraffin so as to prevent 
collapse of the meatal wall. 

Furuncle of the Meatus ( otitis externa suppurativa circumscripta) 
starts in a pilo-sebaceous gland of the cartilaginous meatus, and first 
appears as a painful and acutely tender swelling. If this is not treated 
it may suppurate and discharge into the meatus, or it may break 
through the cartilage and point behind the ear ; the resultant swelling 
may then be mistaken for mastoiditis, especially if the lymph gland, 
which often lies on the mastoid process, is also infected and suppurates. 
The distinguishing features of mastoiditis and furuncle are shown in the 
following table : 


1 

FurnncU. 

1 Acult SltuttnJUu. 

Paw . . . 1 

Sudden onset And continuous fain. 

Increased by tnssticalion. 

Increased by pulliDg or pressing meatus. 1 
Tenderness often most oter pre auricular i 

Unaffected by pressure on mastoid unless 1 
j mastoid lymphatic gland is sffected J 

1 Follows acute otitis media, usually after a 
| lull . generally subbing and intermittent. 

1 Unaffected by masOcsUm or by pressure on 

1 meatus or pinna. 

Increased by pressure on masudd. 


; Usually blocks cartilaginous meatus. \ 

Pushes ear outwards and (ora ards 1 

Often affects pre-auricular gland. ' 

Swelling appears early. 

Sometimes narrows Lnny meatus. 

Pushes ear downwards, outwards and for- 

Rarely affects pre-auricuUr glsrxL 

Swilling spprars Isle 

MeMMUM tlM-AM | 

Masked by meaUI swelling and debris | 

| When srtn, usually normal- 

Usually shows reteul inflammation and per 

DlSClUROC 

Thuk and creamy from start, often 
i Mood stained St first 

Usually \iecal and “ ropy " at start , the krr 
latrr 

lluilso 

1 Rarely ae\enfy affected, sometimes j 

Usually affected, sometimes, but rarefy, 
nearly normal 


Remember always : 

(1) That furunculosis of the meatus may be an accompaniment of 
diabetes or of chrome nephritis. 

(*2) That furunculous is often a complication of chronic eczematous 
meat it is, which may be due to chronic middle ear suppuration. Thus 
the patient may have mastoiditis as well as a furuncle. 

(3) That if after conscientious examination you cannot make up your 
mini! whether the patient has mastoiditis or a furuncle, ho probably has 
both. To operate on a furuncle as a mastoiditis is one of the most uncom* 
won mistakes in aural surgery ; it is regrettably common to i caste time 
treating o mastoiditis as a furuncle. 
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Treatment. 

(1) There is swelling and induration, perhaps with a small “ head ” 
but not a true abscess. 

(a) Do not incise the swelling. The result will be spread of infection 
with a sloughy wound, delayed healing and possibly scarring and stenosis 
of the meatus. Do not use any strong disinfectant or spirit ; probably 
there is already some dermatitis, and chemical violence will make it 
worse. Do not attempt to syringe the ear in the acute stage ; it is quite 
useless and abominably painful. 

(b) Local treatment. The inflamed surface must be immobilised 
and put at rest. A piece of folded gauze is impregnated with vaseline 
or with antipeol and wrapped up to make a stiff wick about one inch 
long and the thickness of a large wooden match. The auricle is gently 
drawn out, the wick is inserted into the meatus with aural forceps and 
the end slipped past the tender area ; a double layer of lint, cut to shape 
and thickly smeared with antiphlogistine, is laid behind the auricle, 
and the whole ear is covered with a double layer of lint saturated with 
vaseline or calamine oil. Heat is useful ; diathermy with a large pad, 
an electrically-heated cushion, or a hot-water bottle may be used, 
Fomentations make the skin sodden and spread infection. They should 
only be used outside the greased covering, which will keep the water 
off the skin. In expert hands good results have been obtained by 
ionisation with salicylates. 

(c) General treatment. Give an intramuscular injection of 2 cc. 
collosol manganese. The bowels must be well opened, but drastic 
purgation which will cause straining and congestion must be avoided. 
Chewing and biting arc painful, so only soft food must be taken. For 
lelief of pain morphia and heroin should be avoided, as they increase 
the congestion ; aspirin and phenacctin with i-gr. codeine phosphate 
is better. 

(2) There is a meatal abscess without post-aural suppuration. 

The abscess must be incised. Instruments : Headlight and battery. 
Aural speculum with a slot cut along the side. A blunt-cnded tenotomy 
knife. Two pairs of aural forceps. Ribbon gauze and sterilised vaseline 
or antipeol. Preparation : Gentle cleansing of pinna and orifice of the 
meatus with flavine. Aiucsthctic : Never attempt to open a meatal 
abscess under local anesthesia. Gas and oxygen is adequate for the 
surgeon and pleasant for the patient. Position : Recumbent, with the 
head turned to the opposite side. A towel over the shoulder. Opciaiion : 
The speculum is inserted so that the swelling presents in the slot. 
The swelling is then incised for its full extent in the long axis of the 
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meatus. Any loose slough is gently mopped out. Do not curette 
the cavity or damage the underlying cartilage. An abscess wall in the 
meatus is entitled to as much respect as any other abscess wall. Put 
in a wick of vaseline gauze, which must not fit tightly, and cover with 
a dry dressing. 

(3) The furuncle has caused post-aural suppuration and a tender 
fluctuating swelling is present behind the ear. 

Incision is necessary. Instruments : As for ineatal abscess, with 
dissecting set in addition. Preparation : A one-inch band of scalp 
behind tile car is shaved. If there is much tenderness this should 
be done when the patient is under the anaesthetic. Pinna, skin, 
and orifice of meatus are cleansed witli flavine. Amesthctic: Gas and 
oxygen for choice, never local anaesthesia. Position : Recumbent, witli 
head turned to the opposite side. A towel over the hair and a towel 
over the shoulder. Operation: Free incision through the overlying 
tissue to open the whole abscess. The incision must not open the 
temporal fascia or the periosteum in the abscess floor. The cavity is 
gently mopped out with gauze and the floor carefully inspected to make 
sure that there is no exposed bone. 

(If bare bone is found there will be a strong suspicion of mastoiditis, which 
would be confirmed by the discovery of a fistula leading into a mastoid cell. In 
eucb a case tlie mistake in diagnosis should be recognised at once, and the mastoid 
operation performed.) 

All bleeding points are secured and the cavity packed widely open 
with a strip of rubber dam. If the furuncle is already discharging into 
the meatus it should be left alone, save for a ineatal pack. If it is not 
discharging but has formed a blind ” abscess, the abscess should be 
incised as already described. 

After-Treatment of Furunculosis. Locally, treat any such predisposing cause 
as middle car suppuration or chronic dermatitis. A\ oid all irritants, chemical or 
mechanical, and eliminate such causative factors as a seborrha'ic eczema of the 
scalp. A course of anti-staphvlococcal vaccine is often useful, but administra- 
tion should not begin during the acute pliase. 

Diffuse Otitis Externa is uncommon. It is occasionally caused 
by diphtheritic or Plant-' Vincent infection, but more usually by the 
patient's indiscreet attempts to alleviate the irritation of chronic eczema 
by strong antiseptics or a hairpin. The condition must always be taken 
seriously, as there is a considerable risk of ineatal stenods by cicatricial 
contraction. If an abscess forms it must be freely incised. In the 
diphtheritic infections, serum treatment usually succeeds ; in Vincent 



4016 POST-GRADUATE SURGERY 

infections, intramuscular injections of bismuth have given the best 

results. 

Stenosis of the Meatus may be inflammatory or congenital. 

Inflammatory stenosis in the stage of activity is usually a combina- 
tion of dermatitis with chronic perichondritis or even periostitis. 
Treatment is directed to the skin condition and elimination of any infec- 
tive focus. Surgical measures against the meatus itself are unsuitable ; 
e.g. should it be necessary to perform a radical mastoid operation on an 
ear with an inflamed and obstructed soft meatus, it is usually better to 
operate upon the bone first, drain the cavity post-aurally, and when all 
i nfla mmation has subsided to perform a plastic operation on the meatus 
and close the post-aural wound. Post-inflammatory fibrosis may cause 
cicatricial stenosis. This may often be relieved by gentle, continuous 
dilatation with well-greased packs of ribbon gauze. Attempts at 
dilatation with laminaria tents must be mentioned here for unqualified 
condemnation. The method is intensely painful and unjustifiably 
dangerous. The laminaria may expand beyond the stricture, and it 
may then be impossible to remove it without considerable violence. 
If the stenosis causes serious inconvenience by the accumulation of 
cerumen and debris in the deep meatus, we are justified in exposing and 
excising the stricture by a post-aural incision, enlarging the meatus by 
a plastic operation, and skin-grafting the raw surfaces (see Radical 
Mastoid operation, page 4655). The same treatment may be needed 
for the collapse of the soft meatus which sometimes happens when it 
has been necessary to detach the soft meatus in a mastoid operation. 
Congenital stenosis of the meatus occasionally demands operative treat- 
ment on the same lines. We must remember, however, that in many 
cases the so-called congenital stenosis ” is really persistence of the 
infantile type of the meatus. Complete atresia is very Tare, and is often 
associated with defects of the middle ear ; if bone conduction is perfect 
and skiagrams show normal ossicles, it may be worth while attempting 
to form a meatus by a plastic operation. But such an operation should 
never he undertaken lightly; the difficulties are considerable and the 
benefits doubtful. 



CHAPTER III 

Acute Surgical Conditions of the Middle Ear and Mastoid 

ACUTE SUPPURATIVE OTITIS MEDIA 

Pathology. (I) Generally, an ascending infection of the Eustachian 
tube following acute naso-phaiyngca 1 infection, cither spontaneously or 
after forcing infected matter up the tube by violent blowing of an in- 
fected nose ; other examples of tubal infection are the entry of infected 
fluid in diving ; during irrigation of the maxillary antrum ; during 
operations under anaesthesia with the head in hyperextension. Exces- 
sive zeal in scrabbling after adenoid tags, and Eustachian catheterisa- 
tion in the presence of active nasal sepsis are possible causative factors. 

(2) Occasionally, infection by the external auditory meatus, c.g. follow- 
ing injury of the tympanic membrane or syringing a dry perforation. 

(3) Hardy, infection by the internal auditory meatus, e.g. in epidemic 
ccrcbro-spinal meningitis. (4) Possibly, from the blood stream in 
generalised infections, c.g. typhoid. 

Symptom and Signs. Pain is usually intense, with remissions, 
stabbing, and often radiating. But remember : (a) In some pneumo- 
coccal infections pain is almost entirely absent ; (6) In the aged and in 
young children pain may be very slight; therefore examination of the 
drum should be a routine in all cases of unexplained pyrexia in children, 
whatever the signs may be, and in all cases with cerebral signs, whatever 
the age of the patient may be. Redness of the membrane is usually 
early and obvious. From scarlet the colour passes to dusky crimson and 
then to purple. Sometimes there is a xchilc bulging drum ; this is caused 
by blockage of lymphatics or by compression by the exudate, which 
obliterates the vessels and shows the pus through the drum. A greyish- 
white lustreless drum with obscure landmarks is probably infiltrated, 
and always suggests pneumococcal infection. Sicdling first occurs in 
the posterior half and obliterates the line of the malleus. Deafness 
varies considerably, but there is nearly always some loss of hearing. 
Vertigo may indicate labyrinthine invasion, and must always be 
regarded with the gravest suspicion. Pyrexia is usually found, but this 
is an uncertain sign. In adults, the temperature is rarely abo\e 
100° F., gnle*s there is mastoiditis with septic absorption ; in young 
children, a temjH’rature of 102° or 103 s F. is not uncommon in uncom- 
mon 
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plicated suppurative otitis media. On the other hand, in pneumococcal 
infections, especially in the so-called “ mucosus ” infections, the 
temperature may never rise above 99° even in the presence of 
extensive mastoid disease. 

Diagnosis. The conditions which may be mistaken for acute otitis 
media are : (1) Myringitis. This is usually secondary to inflammation 
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of the meatus, but may be caused by irritation of the membrane,- 
e.g. syringing or cold air. The membrane is red, but not bulging, the 
landmarks (slope of the drum and position of the malleus) are unaltered, 
the membrane is mobile, and there is no deafness. The only treatment 
required is rest in bed, hot applications over the side of the head, and 
resolute non-intervention. (2) Otitis externa haviorrhagica. This con- 
dition is rare, and occurs most often in influenza epidemics. There is 
sudden onset, with acute pain, and tenderness of the auricle and 
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meatus. There is usually a purple bulge high up, apparently of 
ShrapnclPs membrane, but careful examination shows that this is 
a blood-filled blister on the mcatal wall ; the hearing is unaffected 
and the drum is mobile. The treatment is to dust the meatus with a 
powder of bismuth tribromphenate, cover the car with a dry dressing, 
prescribe a sedative, and send the patient to bed. 3iost cases clear up in 
forty-eight hours ; occasionally the membrane is attacked and acute 
otitis media follows. (3) Ilerjies otiem (polyneuritis acustica). This 
condition is very rare. Statistics show one case in four thousand ear 
cases. Four varieties are recognised : (o) With facial palsy (geniculate 
ganglion) ; (6) With facial palsy and deafness (geniculate and spiral 
ganglia) ; (c) With facial palsy and vestibular signs (geniculate and 
Scarpa’s ganglia) ; and (<l) With additional implication of the vagus and 
glosso-pharyngeal ganglia. In all cases the facial paralysis is probably 
due to pressure on the motor fibres by swelling of the geniculate ganglion 
and by exudate. The condition is distinguished from acute otitis media 
by the distribution of the blisters, which is limited to the area of distribu- 
tion of the geniculate ganglion, i.c. the postero-superior portion of the 
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drum and the adjacent meatal wall, the absence of pyrexia, the 
disturbance of taste due to interference with the chorda tympani, the 
presence of lymphocytosis in the ccrebro-spinal fluid and the absence of 
Icucocytosis in the blood picture. The only treatment possible during 
the attack is relief of pain, by morphia if necessary. protection of the 
blisters against infection, and support of the paralysed facial muscles. 
For treatment of the facial paralysis see page 4686. 

Treatment. (1) There lias been an attack of acute otitis media which 
is subsiding without perforation of the membrane. Fain has absolutely 
ceased, the temperature is normal, hearing is returning, and there is 
no headache, drowsiness or vertigo. This is a sub-acute otitis, and if all 
these provisos are fulfilled it is justifiable to refrain from incision. 
(2) The condition has subsided except for a localised collection bulging 
a small area of the drum ; that area should be incised. (3) The drum 
has already been perforated, pain is relieved, and the temperature has 
fallen ; leave well alone, but watch the mastoid. (4) The drum has 
perforated, but it still bulges and the discharge pulpites : the drainage 
is inadequate. Either the mastoid Is already infected or the perforation 
is not large enough. If mastoiditis can be excluded, enlarge the per- 
foration. (.">) OtherwiM;, and when in doubt, i icise the drum. 
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fections seem simultaneous. On the other hand, myringotomy offers 
a hope of drainage, and certainly relieves pain. Therefore we are amply' 
justified in performing this operation. 

(5) There are no indications for making a second incision in acute 
suppuration. If pain and pyrexia return after an incision, the mastoid 
should be opened. 


After-Treatment. Avoid syringing and mopping for 18 hours. Inflamed tissues 
need rest. Do not meddle until all acute symptoms have disappeared. Cover the 
ear w ith a dry dressing and change as often as need be. 

(1) Never use peroxide of hydrogen drops. 


Fig. 2403 .— The comic* sun or rs»ru ratios. 
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(2) Do not permit douching of the nose or gargling. Oily sprays to the noae 
and bteam inhalations are useful and harmless. 

(3) Do not overlook a concurrent nasal sinus infretioo. 

(1) Do not attempt any such operation as removal of tonsils and adenoids 
within three weeks of the subsidence of temperature. 

(3) If, in spite of adequate treatment and the absence of nasopharyngeal 
infection, discharge persists for three weeks without improvement, mastoid 
drainage is usually indicated. 


ACUTE MASTOIDITIS 

By mastoiditis is meant the condition in which clinical evidence 
shows a suppurative process within the mastoid antrum or accessory 
cells, or both. The pathology is that of acute otitis media. Three prin- 
cipal forms of mastoiditis arc recognised : (1) A general infection with- 
out localisation (the conjuncto-phlegmon) ; (2) A more or less localised 
collection of pus (empyema) ; and (3) Acute necrosis. 

GYncnri considerations. The signs, symptoms, and course of mas- 
toiditis are determined by' three factors: the anatomical at rue tun.* of 
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the mastoid, the nature and virulence of the infecting organism, and 

the resistance of the patient. 

( 1 ) Anatomical structure. The most common is the cellular ; the 
diploetic is less common ; the eburnated is rare (about 2 per cent). For 
convenience the diploetic and eburnated are classed together as “ com- 
pact ” or “ acellular ” mastoids. Every combination of these types is 
found. In the cellular mastoid, inflammation easily reaches the outer 
table, and the typical signs of mastoiditis are found. The intercellular 
trabeeuke are destroyed, and as there is a larger surface for absorption 
general signs of infection appear early. But if the cells are few and the 
outer table is thick, suppuration will go on in the antrum with little 
surface disturbance ; the only signs will be those of continued middle 
ear suppuration, and the disease may become chronic or may attack 
the inner table and invade the cranial cavity. Thus it is far easier to 
recognise mastoiditis in a cellular mastoid ; on the other hand, mas- 
toiditis in a compact mastoid, once recognised, is easier to cure, as 
there is less chance of infection burrowing along deep chains of cells. 
The danger of a rapid spread of disease in the bone is greater in the 
cellular mastoid ; in the compact mastoid where the bone is more 
resistant, the danger is that infection can reach the cranial cavity more 
easily than the surface. The most dangerous type of mastoid is that 
with cells buried deeply under a thick outer table, which permits a 
rapid deep extension with scanty surface signs. 

(2) The nature of the infection. The two extremes, equally dangerous 
in different ways, are the fulminating streptococcal infections, usually 
associated with acute tonsillitis and pharyngitis and often with a general- 
ised infection of the whole upper respiratory tract, and the pneumo- 
coccal infections of the “ mucosus ” type. The organism here is the 
pneumococcus III, sometimes called ,l strejdococciis mucosas capsulalus 
The peculiarity of the condition is the slow, steady advance with exten- 
sive destruction of bone and almost complete absence of the classical 
signs. There is very little discharge, and very little pain— at the most an 
occasional stab in the middle ear. Pyrexia is trivial, or often absent, 
although the patient looks and feels unaccountably ill. Often there is 
no tenderness at all. In cases of this group our diagnosis depends 
on the closest observation of small details. The danger of tills 
condition is that it may pass unrecognised until the infection invades 
the labyrinth or the cranial cavity. 

(3) Resistance of the patient. Mastoiditis in diabetics : The patient’s 
resistance to infection is low, and the liability to coma is increased by 
the infection. Far from being a contra-indication to operation, 
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diabetes is a reason for operating as soon as possible. Whenever 
possible, the following arc desirable : (I) Gas and oxygen anesthesia. 
(2) Blood-sugar estimation and controlled insulin administration before 
and after operation. (3) Removal of stitches and wide opening of the 
wound at the least sign of redness or cedema around the edges. “ Toxic 
mastoiditis ” or “ acute mastoiditis with a septicamic state ” is of two 
kinds : the first is the “ fulminating ” mastoiditis, already mentioned ; 
the second is characterised by the intensity of the general signs, the 
prostration with a rapid and weak pulse, sometimes at first little 
pyrexia, and scanty local signs. The problem in these cases is to choose 
the right time for operating. 

Diagnosis. From these conclusions it follows that signs and 
symptoms vary widely from ease to case. Pain : The mastoid antrum 
and cells arc poorly supplied with nerve-endings. Pain is due to irrita- 
tion of : (1) The middle ear ; (2) the periosteum ; and/or (3) the dura. 
Headache should always raise suspicion of dural irritation. Continued 
or recurring pain after myringotomy is proof of mastoid infection. Tender- 
ness at the tip of the mastoid process is often found in acute otitis media 
without mastoid infection, and is unimportant unless it persists in the 
presence of free discharge. Tenderness in the supra-meatal triangle is 
strongly suggestive of mastoiditis. Tenderness on the posterior margin 
of the mastoid (Grcisinger's sign) is almost positive proof of mastoiditis. 
Tenderness coming on in the presence of free discharge is definite proof of 
mastoiditis. Swelling: In young children the maximum swelling is 
often above the ear. J n zygomatic mastoiditis the roof of the meatus is 
often pushed down. Swelling or “ sagging ” of the postero-superior 
wall of the deep meatus is proof of mastoiditis. 

Otoseopic examination. When the hone of the mastoid process 
conceals suppuration in the antrum, the membrane often reveals it. 
As a rule, so long as there is acute inflammation within the antrum the 
drum shows signs of it, such as redness, swelling, and bulging of swollen 
mucosa through the perforation. Occasionally the drum is unaffected 
throughout the infection, hut this is rare. A pallid opaque membrane, 
with obscured landmarks due to leucocytic infiltration, is characteristic 
of inucosus otitis (pneumococcal). Pulsating discharge is rightly 
regarded with suspicion, but all that it proves is that the tympanic 
drainage is inadequate. Cessation of discharge with persistent otoseopic 
signs is always a warning signal. So is discharge which is too profuse to 
come from the tympanum alone. If the discharge is thick and creamy, 
it comes from the mastoid, and is due to destruction of bone. If it is 
mucoid, it may come from the mastoid or from the Eustachian tube ; if 
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it comes from the Eustachian tube, it will almost certainly come through 
an antero-inferior perforation. Hearing is usually altered to some extent, 
but the alteration is a measure of the intra-tympanic disturbance, and 
not directly of the degree of mastoid disease. Generally the deafness is of 
the middleear type unless there is labyrinthine invasion or profound 
septic absorption. A feature of the “ mucosus otitis ” infection is the 
disproportionate severity of the deafness as compared with the local 
signs. 

Pyrexia. Of all the symptoms this is the least reliable. In adults 
the temperature rarely reaches 101° F. unless a blood infection is 
present. Rigors suggest invasion of the lateral sinus. Persistent pyrexia 
may be due to infection of the skin or lymphatic glands, or to the 
nasopharyngeal condition which caused the acute otitis media. On 
the other hand, there may be no pyrexia with a rapidly advancing 
infection. The comparison of the pulse : temperature ratio sometimes 
helps greatly. A pulse-rate too slow for the temperature hints at intra- 
cranial extension. A sudden increase in pulse-rate without an equivalent 
rise of temperature often warns us of a wave of toxaemia overcoming 
the body resistance. 

Some Examples of Mastoiditis 

(1) The typical case. A child has a cold. During this there is an 
acute otitis media with pam and pyrexia. The drum bursts or is incised, 
pus escapes, pain is relieved, and the temperature falls. For ten days 
the ear discharges : then the discharge diminishes, pain returns, and 
the temperature rises There is a red drum with pulsatiug fluid in the 
perforation, bulging of the posterior superior wall of the deep meatus, 
and tenderness over the mastoid process, especially in the region of the 
supra-meatal triangle. The general condition is not seriously aSected ; 
there may be moderate fever, rarely above 100° to 101° F. in adults, a 
proportionate increase in pulse-rate, and a polymorphonuclear leuco- 
cytosis. Hearing is usually altered. 

(-) The advanced case tcith signs of subcutaneous extension. This is 
the classical ” case, which is not often seen now except in young 
children. Suppuration has penetrated the outer table, and there is 
periostitis with or without a subperiosteal abscess. This condition may 
be (but should not be) confused with furuncle (see page 4613) or with 
suppuration of a mastoid lymph gland. If there is any real doubt 
about it, it is probably a mastoiditis. There is one rare condition which is 
exceedingly difficult to distinguish from mastoiditis. This is a subperios- 
teal extension of an acute otitis media (Luc’s abscess) (fig. 2499). Such an 
abscess, if recognised, could probably be treated by free incision of the 
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meatal roof. In practice, the conscientious surgeon who regards it and 
operates on it as a mastoiditis need not reproach himself; he has 
provided the best drainage and has only erred on the side of safety, for 
there is no certain method of distinguishing this very rare condition 
from the not uncommon “ zygomatic mastoiditis.” 

(3) The grumbling mastoid. This is usually a mastoid empyema 
contained in a dense cortex. Suspicion is aroused (a) by continued 
thick discharge, perhaps pulsating, occasionally diminishing, with 
niggling jabs of pain, or (6) by a sensation of pulsation, synchronous 
with the heart beat, usually painless but associated with a persistently 
red drum (Scheibe’s syndrome). 

(4) Mucosus otitis and mastoiditis. This has already been mentioned, 
but it is of such vital importance that it is well to review our facts. 
A patient who has had an acute otitis media, apparently of slight 
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severity, does not get well and does not feel well, lie has occasional 
stabs of pain, and he is unaccountably deaf. Examination shows a grey, 
lustreless drum with obscured landmarks. If it has been incised there 
has been little discharge, and the edges cither bulge or quickly unite. 
There is little or no tenderness or pyrexia and the disease often pro- 
gresses unrecognised until some intra-cranial complication occurs. It 
is often stated that the disease has a predilection for the cellular type of 
bone, but this is not proved. It is certainly easier for it to spread in 
cellular bone, as the infection seems to advance along the sub-epithelial 
layer of the endosteum, destroying the subjacent cell wall in its advance. 
At operation the cells are seen to be full of greyish, jelly-like substance, 
which is sometimes iuaccurately described as “ granulation tissue." 
Pus is often found in the cavities made by the breakdown of the bone, 
but is usually scanty. The peculiar nature of the spread makes it of the 
utmost im])ort.ince to open up every cell of the mastoid in these cases. 
In mucosus otitis the blood picture often shows a falling white count 
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with a “left shift,” and very often associated anaemia. Valuable 

evidence is sometimes obtained by skiagrams. 

Special Forms of Mastoiditis 

(1) In infants and young children the accessory cells are absent or 
scanty, the antrum is high up and forward, and the petro-squamous 
suture is often open. Thus there is early subperiosteal spread with 
much superficial swelling. It has sometimes been said that there is a 



causal association between otitis media and summer diarrhoea in infants. 
The weight of evidence is against this view. The latest researches 
suggest that otitis media is not more common among infants with 
summer diarrhoea than among other infants. 

(2) Zygomatic mastoiditis. Infection tracks through a zygomatic 
cell, causing a swelling in the temporal fossa, and spreads over the head 
and face up to the attachment of the temporal muscle, with aderaa of 
the eyelid, tenderness above the auricle and over the root of the zygoma, 
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and difficulty in opening the mouth and in biting. It may appear some 
days after an apparently satisfactory mastoid operation. It is often 
associated with extra-dural abscess, and may be followed by stenosis 
of the meatus. It must be distinguished from enjsijtelas , where the 
swelling is cutaneous, with the typical red raised edge, acute onset, 
high fever, and severe general prostration, and from cellulitis of the seal p, 
where the swelling is subcutaneous or subaponeurotic, spreads rapidly, 
is not sharply limited, pits on pressure, and does not interfere with the 
movements of the jaw. Pleryyo-maxillary abscess is a rare condition which 
may be mistaken for zygomatic mastoiditis. The distinguishing features 
between the two conditions are shown in the accompanying table : 


Preceding Signs of 

otitic existing 

infection. mastoid Trismus. 

disease. 


Swelling IXntal 

ovir zygoma. Tenderness. history. 


gomatie 

Alwax a 

Always 

Nevir 

Maximum swill- Always present 

Never 

UhtOldltU. 

present. 

present. 

present. 

mg situated oxer the root 
oxer or aboxe of the zygoma, 
the zygomatic 
arch. 

present. 


erjRO- Ms) bo prevent, Usually not Usually present Maximum swell- Never present Very often 
auxiliary but not neces present. to a market! mg found to bo oxer Iho root prwot and of 

kbscess. sard) so. degree. below the arch of the zygoma, gnat sigmtl- 

of tbe zygoma, but ouly oxer cance. 
s» riling. 


(3) Spread into the meatus. This sometimes happens in cases with a 
high deep antrum. The pus tracks through a cell in the posterior 
meatal wall and a swelling appears on the posterior wall of the bony 
meatus and usually spreads downwards. It can bo distinguished from 
a furuncle by the fact that the swelling is in the bony and not in the 
cartilaginous meatus, and at first, at any rate, there is no pain on 
moving the jaw or the auricle. In most reported cases the drum is 
imperforated, or has already healed. 

(4) Spread into the neck, (a) Bczold’s mastoiditis. This is caused by 
pus breaking through a cell at the tip of the mastoid into the sterno- 
mastoid sheath. There is a continuous swelling over the tip into the 
neck, usually associated with torticollis and pain on bending the head 
to the opposite side or on putting the muscle into action. It Is rare to 
find Bezold’s abscess without other mastoid signs, and the fact that the 
swelling is limited above by the attachment of the muscle, confined to 
the muscle itself, and accompanied by induration of the overlying skin, 
distinguishes it from inflamed glands. 

(6) Abscess in the digastric fossa. This may he externally to the 

viu. 
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digastric, between it and the stemo-ina&toid, or may spread forward 
along the digastric bundle and point in the submaxillary triangle 
(Citelli’s abscess) Both forms are rare. 

(5) Spread toirards the pharynx. Tliis condition is rare but dangerous, 
as it may cause mediastnutis. It usually appears after operation. At 
first the only symptoms are pam, dysphagia and continued pyrexia. 
Examination of the throat shows a unilateral swelling, pushing the 
tonsil forwards and outwards Probably the usual route of infection is 
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through caries of the bone in the roof of the pharyngo-maxillary fossa, 
or by the downward spread of a petrosal infection. 

(G) Petrosal invasion and jietrositis. In present-day practice this is 
nearly always a post-operative condition, and it will be convenient to 
discuss it as such (see page 4G45). 

(7) Inlm-cmnial extensions. Here it suffices to remember that a 
pulse-rate too slow for the temperature, drowsiness, persistent head- 
ache, a squint, vertigo or nystagmus are danger signals which suggest 
mtra-cramal mvasmn or labyrinthitis. External rectus palsy with 
mastoidtus (Grademgo’s sign) is discussed with petrositis. Facial palsy 
occurring in the course of acute middle ear suppuration may be due 
to a defect in the bony wall of the facial canal or to infection of cells 
surrounding it. 
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THE VALUE OF SKIAGRAMS IX MASTOID DISEASE 
An expert radiologist, with a first-class plant at his disposal, can 
sometimes give us great help in mastoid cases, but skiagrams which 
are not of the highest quality arc of no use. As well as the technical 
difficulties of position and penetration there are difficulties inherent 
in the structure of the mastoid and in the pathological condition. The 
most experienced radiologist cannot always distinguish between solid 
bone and a cell filled with exudate, and it may be impossible to detect 
isolated cells surrounded by dense bone. It is probable that in most 
cases of acute otitis media there is some exudation in the mastoid cells 
which gives a cloudiness or “ masking ” not indicative of clinical mas- 
toiditis. Positive evidence, such as destruction of bone, is of great value, 
especially in cases where the clinical signs arc doubtful — for example, 
mucosus infections where the destruction proceeds quietly. But usually 
in early cases the clinical evidence precedes definite radiological evidence, 
and negative skiagrams must never be allowed to override clinical signs. 
In petrosal infections, skiagrams may be of groat help if apical cells can 
be shown. Sometimes skiagrams will show perforations of the togmen 
tympani and extra-dural collections of pus. In chronic suppuration, 
skiagrams may demonstrate the presence of cholesteatoma. On the 
whole, the greatest value of skiagrams is to show the arrangement and 
extent of thc.accessory mastoid cells. In their present state of develop- 
ment, skiagrams arc an interesting and possibly helpful adjunct to 
diagnosis. 

INDICATION FOR OPERATION 

The indication for mastoid operation is the diagnosis of an acute 
mastoiditis. This is the only indication, as operation is the only treat- 
ment. It is sometimes said that mastoiditis is not a fatal disease ; 
the fatalities are due to the complications. The same is true of hanging, 
where the patient dies of the resulting strangulation or from the fracture 
of his cervical vertebra?. For practical purposes it is reasonable to regard 
the mastoiditis or the hanging as the cause of death. 

Apart from the danger to life, operation offers the best chance of 
preserving the hearing. 

The Best Time for Operation — Early or Uitc i 
It may be said that there is no “ right time " for ojKtfnfing on all 
acute ma.stoids ; there is a right time for o]>erating on every acute 
mastoid. Each cose must be judged on its merits, and all the circum- 
stances must be taken into account. Sonic general principles can be 
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laid down : The advantages of delay are that we are not operating at the 
peak of an inflammation. General immunity has time to develop, so 
that there is less immediate reaction. The operation will be easier, 
and healing will probably be quicker. The disadvantages are that the 
spread of the disease is always ahead of the clinical signs, and the 
infection instead of localising in the mastoid may invade the meninges. 
The statistics are confusing, but, on the whole, it seems that erysipelas, 
cellulitis of the scalp, severe toxaemia and septicaemia are more common 
after early operation ; intra-cranial complications are more common 
when operation is delayed. The general tendency in this country is to 
operate early, once the diagnosis of mastoiditis has been made, but for 
choice not until the fourth day after the onset of acute otitis. 

(1) If the condition is obviously localising, as shown by falling 
temperature, well defined and increasing tenderness and absence of any 
signs of intra-cranial extension, and if the patient's general condition 
is good, it is justifiable to wait and to operate in the sub-acute state. 

(2) In fulminating mastoiditis, where there is an acute tonsillitis 
and signs of profound toxaemia, it is advisable, if possible, to delay 
operation until the first violence of the attack has passed. It is so 
difficult to judge how much of the toxic symptoms are due to the 
primary condition, e g a streptococcal tonsillitis, and how much to the 
mastoid invasion that clinically, if not pathologically, these cases should 
often be regarded as septiemmia in which a mastoiditis, serves as a 
fixation absrev. But this can only be done if the patient shows signs 
of improvement and if there are no signs whatever of intra-cranial 
extension 

(3) In toxic cases with leucopenia there must be no delay. 

(4) In cases of mucosus otitis there must be no delay. 

(5) If there is the slightest evidence of intra-cranial extension there 
must be no delay, but : 

(6) Waiting for intra-cranial signs before operating is like locking 
the garage door when the stolen car is in the next county . 

THE OPERATION FOR ACUTE MASTOIDITIS 
(“ Schuartze’s operation ” or “ Mastoidectomy ”) 

The object of this operation is to cure a suppuration which endangers 
life, and at the same time to preserve the hearing. Therefore we must 
open up the whole of the infected area, remove infected bone, provide 
drainage, and prevent reinfection. To do this we must open up all the 
cells of the mastoid system ; if we do not do this we may leave un- 
dramed pockets of pus or infect previously intact cells and leave them 
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without drainage. On the other hand, only under the most exceptional 
circumstances are we justified in sacrificing the structures of the middle 
car in an acute suppuration. The only indications for performing a 
radical mastoid operation in acute conditions are : (1) Spreading 
necrosis of the meatai wall and roof, sometimes seen in scarlet fever 
and diphtheria ; and (2) When a deep infectiou can only be reached 
through the tympanum, as in suppurative labyrinthitis and some intra- 
cranial conditions. If possible, we must avoid detaching the cartila- 
ginous meatus or interfering with the bony meatai wall. Such tactics 
often lead to meatai stenosis unless a plastic operation is done, and 
plastic operations in acute suppurations are unsatisfactory. If the 


t ig 2503. — Anatomical ixunts is the 

MASTOID OPERATION. 

(!) Lower limit of middle (osu ; (2) 
mjutoMl Antrum ; (3) cittnul (rrok-ir- 
cuUr uiul , (4) descending jx.rtiou of 
fetiAlnene: (5) Uteml >mu> , (6 )Iaoa1 
Bene At »ij Jo-iuaaUuJ luramrn. 

(II ally* Tkumat a*tf Yalta ) 


meatai wall is necrotic or if deep cells or the antrum can be reached in 
no other way, it must be attacked, but only under those conditions. 

Anatomical points. 

(1) Situation of the antrum. The orthodox surface marking is 
“Macewen’s triangle,” which is formed by the posterior superior 
arc of the bony meatus and the tangents drawn through the highest 
and most posterior points of the bony wall ; this nearly corresponds 
to the “ supm-meafcal triangle ” which lies between the posterior and 
horizontal roots of the zygoma. This marking is often too low, the 
iloor of the antrum in many cases being on a level with, or even above, 
the horizontal line drawn through the summit of the bony meatus. In 
infants the antrum is directly above the bony meatus. The spine of 
Henle, which is said to mark the level of the aditus, is too inconstant 
in size and position to be of any w*e. A line drawn from the antrum 
across the tympanum and down the Eustachian tube (the antral- 
tympano-tubal axis) passes downwards, forwards and inwards at an 
angle of 45 degrees with the median sagittal plane of the skull and of 30 
degrees with the horizontal (see fig. 2504). It follow s that the outer wall 
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of the antrum must always be superficial to the plane of the tympanic 
membrane. The antrum is always present, although in exceptionally 
rare instances It may only bea“ chink ” behind the aditus. (The writer 
has seen only one such case in twenty years.) 

The depth from the surface varies considerably. It is probably never 
more than two centimetres. The mastoid cells begin to appear at the 
end of the first year of life. 

(2) All surface guides to the middle fossa, and lateral sinus ate un- 
reliable. When present, the petro-squamous suture is a rough guide to 
the descending part of the lateral sinus. The horizontal limb of the 
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zygoma is often given as a guide to the floor of the middle fossa, but it 
cannot be trusted. 

Quite roughly, a small “ knobby ” mastoid with few cells usually goes 
with a low middle fossa, a forward lateral sinus, and a high deep antrum. 

(3) The position of the facial nerve is constant. The downward bend 
lies about 3 millimetres below the floor of the aditus, and the nerve in 
the adult is never superficial to a plane drawn from the prominence 
of the external semiciicular canal through the highest point of the floor 
of the bony meatus parallel antero-postcriorly with the antral-tubal 
axis. The danger to the nerve in operations behind the meatal wall is 
in following up cells which undermine the wall and may impinge on 
the facial canal. In young children, where the mastoid process is un- 
developed, the nerve is subcutaneous where it crosses the styloid process, 
and may he divided if the skin incision passes below the bone. This 
must never be forgotten, as such an accident has been known to occur. 

(4) The external semicircular canal lies in the floor of the aditus, 
and can be recognised as a smooth white bulge. 

(5) The accessory cells. Nine groups of cells are described. The 
general arrangement is shown in figure 2506. 
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Instruments. Dissecting set, periosteal elevator, automatic mastoid 
retractor (Mollison’s pattern, fig. 2508), a pair of small retractors, mallet, 
three gouges of different widths, bone forceps, small sharp curette, 
two pairs of aural forceps, aural specula, myringotomy knife, curved 
needles, catgut, silkworm-gut, rubber drainage-tube and rubber dam, 
100 gauze strips (6X1 inch), gauze squares, wool, gauze and bandage 
for dressing, sterile vaseline, head-lamp and battery. 

A note on the choice of instruments. A wooden mallet is less tiring to 
use than a metal one, and usually balances better. Gouges should be 
well-rounded, flat-backed and sharp enough to trim the thumb-nail. 
“ The wider the gouge the safer the dura ” is a good rule. Chisels 
should never be used near the dura ; their only use is in the radical 
mastoid operation for taking down the posterior meatal wall. Curettes 
are a necessary evil. They should be strong and sharp. We cannot 
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absolutely avoid using them, but remember that most of the accidents 
in mastoid surgery are caused by curettes. Bone forceps should have 
well-rounded ends ; the sharp-ended abominations often sold as 
“ forceps for mastoid operations ” are admirably suited for tearing the 
dura, and for notliing else. 

Awcsthesia. The choice should be left to the anaesthetist. Chloro- 
form shoidd he avoided in patients suffering from severe toxaemia ; 
local anaesthesia should he avoided in all patients. The anaesthetist 
must keep a free airway. There has recently arisen a comfortable and 
unfounded belief that mastoid cases present no particular difficulties 
from the anaesthetic point of view ; it is a belief to be discouraged. 

P reparation of the Patient. If the patient can wait overnight, an 
aperient should be taken in the evening and an enema given in the 
morning. Otherwise an enema before operation is all that is required. 
Drastic purgation should be avoided. 

Preparation of the Skin. For all the mastoid operations a band of 
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scalp, 3 inches wide, should be closely shaved. If time allows, as in 
the chronic conditions, the whole head should be well washed before 
the operation. If the skin is tender, shaving should be deferred until the 
patient is anaesthetised. The shaved skin should be well scrubbed with 
spirit and painted with picric acid, and the hair pulled back and kept out 
of the way with two bands of strapping or by gauze with collodion or 
mastisol. Particular care should be taken in cleaning the folds of the 
pinna. If the ear is discharging, the meatus should be syringed out with 
1 in 40 carbolic in water. This penetrates the fatty' secretion of the 
sebaceous glands more efficiently than spirit. 

Arrangement of Towels. The best way to apply the head towels 
is to take two— one open and one folded lengthwise. These are held 
together, outstretched, with the folded towel towards the surgeon. 
The nurse raises the patient’s head, holding the hair away’ from the 
prepared skin, and the towels are put under the head with the folded 
towel on top. The folded towel is then wrapped tightly' around the 
head, leaving the pinna free, and is fastened with clips. A long towel is 
drawn up over the patient’s chest and clipped to the folded towel. 
Another towel is then laid on and fastened in front of the pinna, but 
this should be arranged so as not to impede the anaesthetist’s view. 

Position. Recumbent, with the head turned to the opposite side 
and a small flat sand-bag under the cheek. If the head is turned too far 
the anaesthetist will have difficulty in maintaining an adequate airway, 
thus producing congestion with excessive bleeding and general dis- 
comfort to everyone concerned. There must be no “ hump ” of blanket 
on the patient’s chest, as this may cramp the movement of the elbow. 
The patient must he placed in exactly the right position before starting 
the operation. The awesthetist is seated at the patient’s sound side, 
the operator stands or sits facing him, and the assistant stands between 
the two at the head of the table. 

Stage /. With the pinna held forward the incision is made from 
the level of its upper attachment to the tip of the mastoid process, 
which is marked with a finger. The incision should lie J-inch behind 
the attachment of the pinna. Too generous extension forward over the 
upper attachment may cause the whole pinna to drop. In infants 
and young children the incision must not be carried below the bone, 
as the mastoid process is not yet formed and the facial nerve is sub- 
cutaneous. The incision traverses only skin and superficial fascia unless 
swelling is present. Next, the incision should go down to the periosteum 
in the lower half of its length and through it if pus is present. The 
vessels are secured, and the skin is retracted to expose the tenqxjr.il 
u>l. in.— i «• 
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fascia and tlie bone. If possible, the temporal fascia should not be 
opened ; injury to the temporal muscle means troublesome bleeding 
and possible infection of the sheath. The periosteum is divided by a 
vertical cut down the middle of the operative field. The fibres of the 
stemo-mastoid attached to the process are divided transversely close 
to the bone, and with the periosteal elevator the surface of the bone is 
scraped clean from tip to temporal attachment, care being taken not 
to let the elevator slip round the mastoid into the neck. The periosteum 
is detached forwards until the bony margin of the meatus can be clearly 
defined, and backwards as far as the edge of the process. The bone is 
examined for a fistula or necrosis. The automatic retractor is inserted and 
opeued widely, care being taken not to detach the cartilaginous meatus. 

Stage II. The operator now finds the landmarks : 

(1) The posterior superior aic of the external auditory meatus with 
the spine of Henle in front ; 

(2) The posterior horizontal root of the zygoma above ; and 

(3) The tip of the mastoid below. 

If no fistula or carious bone is found, removal of the outer table is 
begun with a 16 mm. gouge laid nearly flat on the bone, so that a thin 
shaving is taken off. Three cuts are made centring on the little depres- 
sion just behind Henle’ s spine : 

(а) Straight forward just below the zygomatic ridge from the 
posterior edge of the bare area to J-inch from the meatal 
margin ; 

(б) Obliquely from the posterior edge upwards to join the first; 

(c) Vertically from the tip upwards to join the other two (figs. 

2509 and 2510). 

This exposure will show the degree of cellularity of the bone, and tbe 
type of infection — whether empyema, phlegmon or acute necrosis — and 
may give a hint of the position of the middle fossa and sinus. In some 
acute infections there is free bleeding from congested bone and from 
swollen granulations. No cut should be made into a pool of blood. A 
strip of gauze should be packed tightly into the cavity and left for some 
twenty seconds. The assistant removes it in one piece with forceps, and 
the operator has a few seconds’ respite in which to make another cut. 
Bleeding from swollen granulations is best checked by rubbing them 
away with gauze held in forceps. This must be done gently, as the 
granulations may lie on bare dura. It is not uncommon to mistake a 
patch of flabby granulation peeping out of a large cell for the dura of 
the sinus wall. If the bleeding comes from a small vessel in the bone, it is 
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best controlled by snipping off a piece of stemo- mastoid muscle the size 
of a match-head, and holding it firmly on the bleeding spot for two 
minutes. This will adhere and stop the bleeding as long as it is in position. 

If pus is found at this stage, it should be mopped away and its 
source noted. It is unwise to pursue it with a probe, since it is only too 
easy to damage a sinus wall covered with granulations. The same 
warning applies to pushing in gauze blindly with sharp-pointed forceps. 

The rough right-angled triangle we have made by our three cuts is 
widened and deepened by further cuts, principally from the hypo- 
thenuse, with the same precautions as before to control bleeding. This 
is continued until no more cells or infected hone are found along the 
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posterior edge. Probably the “ sinus plate,” tho dense bone overlying 
the lateral sinus, can now be recognised. With smaller gouges the 
forward and upward portion of the triangle in front of the sinus plate 
is attacked by light cuts forwards and by straight cuts inwards, at first 
parallel with the meatal wall, and then parallel with the floor of the middle 
fossa, in order to free tho chips of bone. These vertical cuts must be 
lightly made with a gouge held firmly to avoid a sudden plunge into and 
across the antrum, which might injure the external canal. By these 
cuts a cell is reached. Is that cell the antrum ? One of the commonest 
mistakes a beginner makes is to open a cell overlying the antrum and 
not the antrum itself (see fig-*. £511-2313). 

If a sinus or patch of carious bone is present, this is opened first, 
ami the track is followed up to the antrum. The surrounding lx>nc is 
then attacked as Ixi fore. 
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fascia and the bone. If possible, the temporal fascia should not be 
opened ; injury to the temporal muscle means troublesome bleeding 
and possible infection of the sheath. The periosteum is divided by a 
vertical cut down the middle of the operative field. The fibres of the 
stemo-mastoid attached to the process are divided transversely close 
to the bone, and with the periosteal elevator the surface of the bone is 
scraped clean from tip to temporal attachment, care being taken not 
to let the elevator slip round the mastoid into the neck. The periosteum 
is detached forwards until the bony margin of the meatus can be clearly 
defined, and backwards as far as the edge of the process. The bone is 
examined for a fistula or necrosis. The automatic retractor is inserted and 
opened widely, care being taken not to detach the cartilaginous meatus. 

Stage II. The operator now finds the landmarks : 

(1) The posterior superior arc of the external auditory meatus with 
the spine of Henle in front ; 

(2) The posterior horizontal root of the zygoma above ; and 

(3) The tip of the mastoid below. 

If no fistula or carious bone is found, removal of the outer table is 
begun with a 16 mm. gouge laid nearly flat ou the bone, so that a thin 
shaving is taken off. Three cuts are made centring on the little depres- 
sion just behind Henle’s spine : 

(а) Straight forward just below the zygomatic ridge from the 
posterior edge of the bare area to f-inch from the meatal 
margin ; 

(б) Obliquely from the posterior edge upwards to join the first; 

(c) Vertically from the tip upwards to join the other two (figs. 

2509 and 2510). 

This exposure will show the degree of cellularity of the bone, and the 
type of infection -whether empyema, phlegmon or acute necrosis — and 
may give a hint of the position of the middle fossa and sinus. In some 
acute infections there is free bleeding from congested bone and from 
swollen granulations. No cut should be made into a pool of blood. A 
strip of gauze should be packed tightly 1 ' into the cavity and left for some 
twenty seconds. The assistant removes it in one piece with forceps, and 
the operator has a few seconds’ respite in which to make another cut. 
Bleeding from swollen granulations is best checked by rubbing them 
away with gauze held in forceps. This must be done gently, as the 
granulations may lie on bare dura. It is not uncommon to mistake a 
patch of flabby granulation peeping out of a large cell for the dura of 
the sinus wall. If the bleeding comes from a small vessel in the bone, it is 
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best controlled by snipping off a piece of stemo-mastoid muscle tbe size 
of a match-head, and holding it firmly on the bleeding spot for two 
minutes. This will adhere and stop the bleeding as long as it is hi position. 

If pus is found at tins stage, it should be mopped away and its 
source noted. It is unwise to pursue it with a probe, since it is only too 
easy to damage a sinus wall covered with granulations. The same 
warning applies to pushing in gauze blindly with sharp-pointed forceps. 

The rough right-angled triangle we have made by our three cuts is 
widened and deepened by further cuts, principally from the hypo- 
thenuse, with the same precautions as before to control bleeding. This 
is continued until no more cells or infected hone are found along the 
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posterior edge. Probably the “ sinus plate,” the dense bone overlying 
tho lateral sinus, can now be recognised. With smaller gouges the 
forward and upward portion of the triangle in front of the sinus plate 
is attacked by light cuts forwards and by straight cuts inwards, at first 
parallel with the meatal wall, and then parallel with tho floor of the middle 
fossa, in order to free the chips of bone. These vertical cuts must be 
lightly made with a gouge held firmly to avoid a sudden plunge into and 
across the antrum, which might injure the external canal. By theso 
cuts a cell is reached. Is that cell the antrum ? One of the commonest 
mistakes a beginner makes is to open a cell overlying the antrum and 
not tho antrum itself (see figs. *231 1-2313). 

If a sinus or patch of carious bone is present, this is opened first, 
and the track is followed up to the antrum. The surrounding bone is 
then attacked us before. 
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Stage III. The only way of recognising the antrum with certainty 
is by identifying the aditus, and the only way of identifying the aditus 
with safety is by seeing it. “ Proving the aditus ” by putting in a bent 
probe or a Stacke guide is dangerous, as it is so easy to dislocate the 
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incus. The opening is carefully enlarged with a small gouge until all over- 
hanging bone has been cut away. When working forwards behind the 
meatal wall the facial nerve is in some danger, so that the anaesthetist 
should watch the patient’s face for any muscular twitch. The cavity is 





dried out, and all granulation tissue rubbed gently away. The aditus 
should now be seen as a circular bole leading forwards, with the dense 
white mass of the convexity of the horizontal semicircular canal in the 
floor (figs. 2514 and 2515). 

The antrum is fully opened up by cutting away aU overhanging 
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walls, and search is made for remaining cells. It is of the utmost 
importance that this should be done thoroughly. In pursuing the cells 
it is well to follow' some definite scheme, such as the following : 

(1) Cells in the neighbourhood of the antrum. 

(а) Cells in the antral roof under the floor of the middle fossa are 
sought first. They are usually found in removing any upper overhang. 

(б) Cells lying in the root of the zygoma and outer attic wall. 
A gouge cut at the angle of the bony cavity and just above the meatus 
will open these. If necessary, the temporal muscle must be retracted, 
and the pinna pulled forward in order to follow’ them. 

(c) Behind the antrum in the angle between the lateral sinus and the 
floor of the middle fossa. 

(2) Cells behind the lateral sinus. 

These have been opened by our preliminary gouge cuts. If tender- 
ness on the posterior edge has been noticed before operation, the cell 
that gave rise to this tenderness must be found. These cells must be 
followed back to their limit. If necessary, the incision must be enlarged 
by a horizontal cut backwards through the scalp. 

(3) Ajncal cells. 

The apex is clearly defined and fully opened. If only a shell is left, 
or if there is any extension of suppuration into the neck, it is better 
to remove it completely. To do this a flat retractor should be placed 
under the tip to guard against a slip, and the tip freed by one gouge 
cut in front and another behind. Three structures must be avoided : 
the facial nerve in front, the mastoid emissary vein behind, and the 
occipital artery internally. 

There are two regions in which cells may have been overlooked 
(fig. 2510); 
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(«) In the groove between the posterior meutul wall and the lateral 
sinus there is frequently a chain of cells leading from the antrum to the 
apex. These cells sometimes lead into the sinus groove. The anaes- 
thetist should watch the face as the cells may overlie or undermine the 
facial nerve. 
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(6) In rare instances, a “ cuff ” of cells surrounds the labyrinth and 
extends into the petrous. If such cells are present they are usually 
found on the deep antral wall, and must be carefully followed. 

Closure ami Drainage. The cavity is mopped out. In the majority 
of cases, it can be safely closed with a few interrupted silkworm-gut 
sutures, and drained by two small tubes laid along the length of the 
wound from above downwards. In septicemic or toxic cases, or where 
g ranula tions are found on an exposed dura, it is better to leave the 
wound widely open and to pack loosely with a piece of india-rubber 



dam. Recently, some surgeons have advised complete closure after 
allowing the wound to fill with blood clot. This does not seem to have 
any advantages over tube drainage, and certainly has added risks. 

SOME DIFFICULTIES 

( 1 ) Failure to find the Antrum. 

The commonest mistake in seeking the antrum is to look too low 
down and too far back. A careful removal of bone forwards and 
upwards, hugging the temporal floor and the meatal wall, will lead us 
to it. Sometimes the low middle fossa and the forward lateral sinus, 
especially in dense bone, leave no room for the ordinary method of 
approach. Here we must ruthlessly sacrifice the posterior meatal 
wall. The cartilaginous meatus is detached and pushed forward. 
The postero-superior arc of the meatus is attacked ; a series of gouge 
cuts centred on an imaginary point in the middle of the meatus, driven 
downwards, forwards and inwards, carrying Henle’s spine and the 
surrounding bone, will expose the antrum. Some of the outer attic wall 
and meatal roof may be removed at the same time. This method looks 
dangerous, but is really quite safe. It should be completed by making 
a small plastic flap. The result is practically a Heath operation. 

Another method of reaching the antrum under these circumstances 
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is to expose the posterior superior meatal wall and cut backwards and 
inwards from the meatus just above the attachment of the membrane. 
(This is the original Stacke operation.) The method has a limited 
applicability. 

(2) Damage to the Lateral Sinus. 

There arc few operators who at some time or other have not injured 
the lateral sinus ; there arc few patients who have been any the worse 
for it. It is, however, an error to guard against, for the danger of a 
thrombosis, although slight, is quite real, and the hemorrhage may be 
so profuse as to disconcert even an experienced operator. The accident 
is best avoided by the use of broad flat gouges, and by watching for any 
exposure. If it is necessary to work on t he sinus groove with an exposed 
sinus, it is wise to pack the dura away from the bony wall with gauze. 
Particular care must be taken in the use of bone forceps around the 
sinus. The most likely cause of injury is damage to au emissary vein or 
to a dura already softened by granulations. If a haemorrhage occurs 
it can always be controlled ; there is no recorded case of a patient 
dying on the operating table from a haemorrhage from the lateral 
sinus. Small scratches can be controlled by packing over or patching 
them with a graft of muscle or fascia snipped of! the temporal or 
sterno-mastoid and held in position for about two minutes. This will 
control an extensive haemorrhage, but in the case of a large tear it is 
better to face the possibility of having infected the sinus, and to 
obliterate it completely by a full exposure and by packing the walls 
together from outside, C'ndcr no circumstances should packing be placed 
in the sinus . 

(3) Injury to the Dura 

This also can usually be avoided by the use of broad gouges. It 
seldom gives trouble if the accident is recognised. The injured area 
should be freely exposed and painted with iodine, and the wound 
lightly packed, hut not stitched and tubed. 

( 1) Injuty to the Facial A* me. 

This rarely happens in operations for acute mastoiditis. Precautions 
against it have already boon described. 

(3) Injury to the External Semicircular Canal. 

This may Ik* caused by a plunge of the gouge arro-vs the antrum. 
It will be recognised on the patient’s recovery by the signs of labyrinth 
irritation. Such a case should be carefully watched for spreading 
labyrinthitis. This is an uncommon accident. 

.ifitr-Troilmoti. Whether the wound » tubed or puArd, Mri/w of gauze an* 
bud o'er it, tilted to the retro-auricular groo'e, and wool is then tucked between 
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gauze and pinna, pother sheet of wool is laid over the pinna, and the whole 
secured by a mastoid bandage. The patient is put to bed lying on the sound side, 
the head slightly raised to relieve tension. A rectal saline with glucose, sodium 
bicarbonate and potassium bromide should be given ; post-operative pain is rarely 
severe. The outer dressing is changed on the morning after the operation ", tubes 
are gently syringed ont on the second, and loosened on the fourth morning. 
Packing should be changed on the third morning. There should be no hesitation « 
about giving a timid patient gas for this. Packing is usually continued for three 
weeks at least. After the first ten days lotio rubra or one of the “ scarlet red” - 
preparations may be substituted for flavine. In the ordinary run of tubed cases, the 
tubes are changed on the fifth day and removed on the tenth : between the fifth 
and tenth days they can be shortened daily. 

GENERAL TREATMENT 

Bowels should be kept open, but violent purgation must be avoided. 
In the toxic cases the patient must take as much fluid as possible, e.g. 
weak tea, lemonade. Imperial drink, etc. 

Vaccine treatment has dangers even in the most skilled hands. In 
streptococcal cases the anti-scarlatinal serum has given satisfactory 
results. Intravenous disinfectants (colloidal preparations, etc.) have 
been disappointing on the whole, although some remarkable successes 
have been obtained. In some streptococcal infections intravenous 
injections of 01 per cent perchloride of mercury in normal saline have 
been valuable. Hypertonic saline (10 per cent) given intravenously in 
10 to 20 cc. doses has proved the most beneficial. Whole blood-trans- 
fusions have also given good results in severe cases where there is 
definite anaemia. Prontosil may also be given a trial. 

COMPLICATIONS 

The temperature should fall to normal in 48 hours, although it may 
linger at about 09° F. in the evenings for seme days. In children a 
sudden rise immediately after operation is not uncommon but it usually 
subsides quickly if a few stitches are removed and the wound is packed 
open. A continued temperature shows that there is still active infection. 

Two superficial conditions are sometimes seen, erysipelas and cellu- 
litis oj the scalp. Both are rare, but are probably more common after 
early operation. Cellulitis must usually be treated by free incisions, 
which should not divide the periosteum. Spreading osteomyelitis oj the 
cranial vault is a very rare complication of mastoiditis ; it can be 
recognised by the advancing subperiosteal oedema. When it does occur, 
free excision of the whole infected area of bone is the only possible 
treatment. 
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PETROSITIS 

Suppuration of the petrous pyramid is a late condition, usually 
occurring after the third week, and is often first detected after the 
mastoid operation. It is more common in acute than in chronic mastoid- 
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itis, and is much more common in cellular than in diploctic hone. The 
diagram (fig. 2ol8) shows the arrangement of cells in the petrous bone ; 
it will be been that the spread may irritate the labyrinth, which lies 



among the cells, disturb the functions of the facial nerve and that 
if suppuration reaches the tipper surface of the pyramid, there will be 
irritation of the fifth nerve, especially the ophthalmic division, and 
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perhaps paresis of the sixth in Dorello’s canal with external rectus palsy 
(Gradenigo’s syndrome) (see fig. 2519). It must not be thought that 
there is any necessary connection between petrositis and Gradenigo s 
syndrome. The syndrome may be found without petrositis, and in 
petrositis the syndrome is rare. The characteristic features of petrositis 
are the persistent retro-orbital pain, with continued signs of sepsis, 
persistent discharge, especially from the wound when the tympanum 
has dried up, and often fluctuating and vague labyrinthine signs. 

Treatment of Pcliositis 

The appearance of signs of petrositis in a patient on whom we have 
performed an adequate mastoid operation does not compel us forthwith 
to proceed to further surgical intervention ; still less are such signs 
an indication for immediate exploration of the petrous. If the neuralgia 
and vertigo are fluctuating but not increasing in severity, and are 
associated with a free discharge, wo may take it that the pus has found 
a channel of exit and we are justified in waiting, so long as there is no 
evidence of septicaemia and no signs of meningeal reaction, confirmed, 
if need be. by lumbar puncture. 

We lay particular stress on the importance of a free discharge 
because m the most dangerous cases of all — the cases of mucosus otitis 
—there is an ominous absence of discharge. It is in these cases that 
the radiologist can help us most, for in mucosus otitis the destruction 
of bone is so disproportionate to the signs, or rather to the absence of 
signs, that skiagrams are often our only positive evidence of the advance 
of the infection. The sudden cessation of discharge is a warning sign ; 
it may mean that the wall of the petrous pyramid has been perforated, 
and that the pus is leaking into an extra-dural abscess. The guiding 
signs which indicate further intervention aie an increase of the local 
symptoms, evidence of septicauma and. above all, any signs of meningeal 
irritation 

If we have to operate, what is the right operation to perform ? 
Technically, the approach to the petrous is difficult. The possible 
routes to the apex of the pyramid are from in front and below or from 
above. But our object is not to find the apex of the petrous but to 
find the pus. The apex is an anatomical landmark, the pus is a surgical 
reality , and the apex is not the only point where the pus can break 
through into the cranial cavity. 

Almour and Kopetzky reach the apex by an anterior route. An 
extensive radical mastoid operation is performed, and the root of the 
zygoma and the anterior wall of the bony meatus are cut down until 
the mouth of the Eustachian tube is exposed. The tensor tympani 
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muscle and the processus cochlearlformis are removed. .Vi-5 mm. burr 
is driven in just posterior to the Eustachian orifice and directly below* 
the tympanic roof at an angle of 20°-25° to the axis of the external 
auditory meatus. This opens a pyramidal space bounded by the 
cochlea beliind, the carotid canal in front and the Eustachian tube 
externally. It lias been shown that the carotid canal is separated from 
the basal turn of the cochlea by a minimum distance of G mm. The 
apex of the pyramid is below and the base is above ; through this 
space tile apex can be reached. The uppermost part of the carotid 
canal is below* the roof of the Eustachian orifice. 

In these anterior operations there are great disadvantages, apart 
from the technical difficulties. It is not a fair objection to say that we 
should not perform an unnecessary radical operation ; the patient's 
life is at stake, and in any case the amount of hearing which survives a 
severe petrositis is usually trivial. .More valid objections are that the 
track for exploration is too narrow and that there is no opportunity to 
inspect the dura ; as Ahnour very fairly points out, his method is not 
suitable for cases in which the pus has already broken through into the 
cranial cavity. Another, and a vital, objection is that out of 200 
petrous bones peritubal cells leading to the apex were found in two 
specimens only. The best developed cells were those of the anterior 
surface group, between the facial nerve and the superior canal, and 
of the subcochlear and posterior cochlear groups. 

If, therefore, we cannot find a definite track of infection on explora- 
tion, probably our best course is to attack the petrous from above. 
Frenckner has devised a method of reaching the apex by exposing 
and defining the arc of the superior canal. Then with a very shaqi 
curette he breaks through the softer bone which fills the concavity of 
the loop and thus leaches the apex. He has done thus in two cases, 
both times successfully. This method, again, gives a limited approach. 
The most generally useful procedure is that of Kaglcton, which he 
describes as “ unlocking the petrous.” The method is fully described 
in the treatment of meningitis (see page 4074). 



CHAPTER IV 


Surgery of Chronic Suppurative Otitis Media; 
Surgery of the Labyrinth; Intra-cranial Complications. 

The modern operations for chronic middle ear suppurations are either 
the “ radical mastoid ” (tympano-mastoidectoiny), which makes a 
single cavity of the antrum, attic and tympanum, and sacrifices the 
drum and ossicles, or some modification of this, the so-called “ con- 
servative mastoid ” operations, in which the tympanic structures are 
preserved as far as possible. * f Intra-tympanie ossiculectomy ” and the 
intra-meatal operations on the attic have been abandoned ; in the most 
capable hands they are always dangerous and usually inefficient. 

The middle ear suppuration, as distinct from the mucoid discharge 
which is due to naso- pharyngeal and tubal infection, is the result of 
osteitis and is characterised by granulations or cholesteatoma or both. 
The infected area may be sharply limited, as in cholesteatoma of the 
attic, or may be widespread. Operation, to be successful, must 
eliminate the whole of the infected bone or the whole of the cholestea- 
toma, and must provide drainage which will allow permanent epider- 
misation of the old area of infection. If this is not done the infection 
will recur. It is probable that the greatest danger to hearing is not the 
loss of the ossicular chain but scarring and fibrosis around the fenestra? ; 
this would account for the extraordinarily variable degree of hearing 
in ears on which a radical operation has been performed. 

If there are no labyrinthine or mtra-cranial complications some 
definite rules can be laid down : 

(1) It is useless to perform any mastoid operation for cases in which 
there is a large antero-mfenor perforation with profuse mucoid dis- 
charge. The discharge comes up the Eustachian tube from the naso- 
pharynx, and lias nothing to do with the mastoid. 

(2) In cases with a central perforation, operation is hardly ever 
necessary’ 

(3) The radical mastoid operation is easier to do than the modi- 
fications. and provides excellent drainage, but it may destroy hearing. 
A radical operation should never be undertaken on an ear in which there 
is useful hearing unless the T e is labyrinthitis or an intra-cranial invasion 
mth extensive necrosis of the roof ; as a rule, in such cases the hearing 
has already gone. 
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(4) But the presence of an intra-eranial complication other than the 
above does not per se demand a radical mastoid operation. 

(5) The weak point in the conservative operations is drainage. If 
in doubt, do a conservative operation. It is a simple matter to convert 
it into a radical operation at a later date. 

(G) A conservative operation can and should be done on a child, if 
necessary, as on an adult. It is no more difficult, as the tympanic 
structures are nearly as large. 

INDICATIONS FOR OPERATION IN CHRONIC SUPPURATION 

(1) Operation is absolutely necessary if there are any signs of intra- 
cranial invasion or of labyrinthitis ; if there is recurrent pain or head- 
ache ; if there is vertigo ; and if there is any acute exacerbation of a 
chronic condition as shown by pain, tenderness, pyrexia, or any one of 
these signs. 

(2) Operation mil have to be done sooner or later (and preferably 
sooner) if there is evidence of cholesteatoma ; if there is a fistula in the 
attic wall or the posterior meatus with discharge of pus or pouting 
granulations around the orifice; or if there are recurrent polypi or 
granulations which cannot be controlled by careful local treatment. 

(3) Operation is advisable in all cases where there is a ]>ersislcnt 
discharge of pus winch cannot be cured by careful local treatment and 
elimination of oral and naso- pharyngeal sepsis. The younger the patient 
the more important it is to operate early before the structures of the 
middle car are irretrievably damaged. For applicants for life insurance, 
candidates for the fighting services, and patients who intend to travel 
or who live in remote places the advisability of operation is naturally 
greater. 

As a general rule, it is not much use attempting palliative measures 
where there is definite attic suppuration or where a perforation in the 
posterior quad rants of the drum has encroached on the tympanic margin. 

GENERAL REMARKS ON OPERATIONS IN CHRONIC SUPPURATION 

Chronic suppuration is much more common in acellular mastoids. 
It was formerly believed that the sclerosis of the mastoid was an inflam- 
matory reaction, a result of the suppuration ; it is now generally recog- 
nised that this is not so. Two views are held : (1) That the type of 
mastoid— cellular, diploetic or sclerosed — is an individual peculiarity 
(Cheatle and Mouret) ; and (2) That the normal structure is cellular but 
that the process of cell development is arrested in many cases by intra- 
uterine or infantile inflammation (Wittmaack). The former is more 
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generally accepted. In either case the structure of the mastoid is the 
cause rather than the effect of the clironicity, as suppuration progresses 
quietly in an insensitive bony cavity where the thick walls prevent 
the periosteal reaction which betrays inflammation in a thin-walled 
cellular mastoid. Wien chronic suppuration is found in a cellular 
mastoid it is usually either an empyema in a mastoid with cells but 
with a thick cortex, or it is not, strictly speaking, a mastoiditis but a 
localised attic infection with little damage to the mastoid antrum and 
cells. In the first type of case, which is more common in children, the 
condition can often be cured by a well-executed Schwartze operation 
without interfering with the middle ear ; in cases of the second type, 
very little may he found in the antrum, but when the attic is opened 
the incus may be seen lying loose in a bed of granulation tissue and 
cholesteatoma. Sequestra are not often found in chronic suppuration. 

Skiagrams sometimes give useful information as to the presence of 
cholesteatoma, but tbeir evidence is not yet reliable, especially in attic 
cases. 

How is hearing best preserved ? The earlier operation is done the 
better is the prognosis. It is a clinical observation, for winch there is 
no adequate physiological explanation, that preservation of the ossicular 
chain is not an absolute essential for useful hearing. There is no justi- 
fication for interfering with the ossicles if this can be avoided, but in 
some attic cases with good hearing we find a loose, necrotic incus. 
Under these circumstances it should be removed, but before doing so 
we must be sure that it really is loose. 

DIFFICULTIES AXD DANGERS OF THE RADICAL OPERATION 

To experienced aural surgeons the radical mastoid is very much a 
set operation, and the situation is well summed up by a colleague 
who said . The more radicals 1 do the quicker I do them ; the more 
Schwartzes I do the longer I take over them.” But until the anatomy 
of the region and the minutiae of technique are perfectly familiar this 
is not the case. The dangers are quite real: (1) \Ve are working over 
the track of the facial nerve, not behind it as in the Schwartze opera- 
tion. (2) Me are in much closer contact with the wall of the labyrinth. 

(3) M e approach the dura of the middle fossa at an awkward angle. 

(4) In most cases \\c are working on a dense sclerotic mastoid, with 
the deep antrum and “ forward ” sinus which so often occur in a mastoid 
of this structure, 
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THE JSADIC.AL OPERATION' 

Preparation, anatslhesia, and jjosilion of patient and team are the 
same as for the acute mastoid operation (see page 4632). 

Instruments. As for the acute mastoid (see page 4630) with the 
addition of two chisels, J-inch and |-inch wide. 

(1) Incision as for the acute mastoid, but a shade closer in to the 
retro-auricular groove. Define the landmarks, and then with a strip 
of gauze in forceps carefully detach the soft meatus from the bone. If 
this is done gently it is possible to strip the whole of the skin from the 
posterior and superior walls intact right down to the tympanic ring. The 
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more completely this is done the easier will it be to make a good 
plastic flap at the end of the operation. Pack a strip of ribbon gauze 
between the soft structures and the bony wall. 

(2) The orthodox method is to open the antrum from behind the bony 
mcatal wall, as in the Schwartze operation. This leaves two bony 
cavities, the antrum and the middle ear, separated by a bony partition 
at the bottom of which is a tunnel of communication, the aditus. The 
bony partition must now be cut away in order to convert the tunnel 
into a trench. 

(3) The posterior bony wall of the meatus and the outer wall of 
the attic must be cut away in order to do this. First, with a small 
gouge get the fullest possible exposure of the aditus. Then attack the 
posterior mcatal wall. For this the ^-inch chisel is better than a gouge, 
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as it holds more firmly to the bone. Mark the aditus and make a cut 
with the chisel, at the level of the upper boundary of the aditus, in the 
posterior wall. The chisel should be laid with the edge parallel to the 
teamen and the bevel downwards, and be driven directly inwards for 
i-inch with a single light tap of the mallet. Then lay the chisel, bevel 
upwards, on the posterior wall i-ineh below the first cut, and drive it 
upwards and inwards to meet the first cut. This frees a shaving of 
posterior wall. Throughout this stage never forget the facial nerve ; 
we get nearer to it at each cut, and the amesthetist should be told to 
watch the facial muscles for the slightest twitch. There is a little 
artery in the posterior wall close to the Fallopian aqueduct, and if this 
artery is encountered it warns us that we have gone quite deep enough. 
"With this in mind, continue the alternate cuts until nothing but the 
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“ bridge," an arch of bone about J-inch thick, separates us from the 
aditus. 

(4) Theoretically, this is the most dangerous part of the operation. 
A slip of the chisel might tear the dura or divide the facial nerve ; a 
sudden plunge might open the external canal. In practice, all these 
eatastrophies are improbable. Damage is usually done when the 
greatest difficulties have been mastered and the operator relaxes his 
watchfulness. Do not rely on artificial aids. The worst and most 
dangerous of these is the “ Stacke guide ” which is supposed to protect 
the facial nerve. We are advised to put this instrument into 
the aditus and to “cut down on it”; the result of this advice has 
sometimes been that the protector itself has been driven into the 
Fallopian aqueduct with disastrous results. Yearly as bad is the 
practice of cutting away the bridge with bone forceps. With the chisel 
very firmly held, three light cuts in order, one above, one a little for- 
ward over the centre of tire tympanic cavity, and one below towards 
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the aditus, will free the outer attic wall and open the aditus. The 
sensation of “ cracking ” at the third cut announces that the division 
is complete. 

(5) If the wedge-shaped piece of bone (the outer wall of the aditus 
and attic), which has been freed by the chisel cuts, falls into the cavity 
of the attic it may jam there. If this happens do not grub for it with a 
curette or try to extract it with a hard tug of the forceps ; carefully 
cut away a little more of the roof until the loose piece can be picked up 
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with forceps and lifted out. The antrum, aditus and attic are now a 
single cavity. 

(0) l’ack into the attic a piece of ribbon gauze, 1 inch square, 
soaked in adrenalin. (Do not forget that then* is already a piece of 
gauze in the meatus.) Carefully clear all the overhanging edges of the 
roof ami outer attic wall ; a small gouge is beat for this. 

(7) Take out the gauze packs from the meatus and attic. Loop a 
doubled piece of ribbon gauze, 1 foot long, through the detached soft 
meatus ami pull it forwards to get a full view of the middle ear. (It is 
sometimes recommended to perform the plastic operation on the soft 
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meatus at this stage. This ought to give an excellent view of the 
middie ear, but unfortunately there is generally so much oozing after 
doing the plastic part of the procedure that the field is flooded it is 
usually better to make it the final stage of the operation.) Remove 
from the attic all traces of polypus or cholesteatoma. Identify the 
body of the incus and the head of the malleus above, and the remains of 
the tympanic membrane below. (In long-standing suppuration the incus 
may be entirely destroyed and the malleus reduced to a bead of bone.) 

(8) Remove the malleus and incus with aural forceps. Then with 
forceps, not with a curette, remove the last traces of the tympanic 
membrane, and inspect the inner wall. Identify: the bulge of the 
promontory, which is the basal turn of the cochlea ; in front and above 
this, the opening of the Eustachian tube ; and behind and below, 
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the icccss of the round window. The region of the oval window and the 
stapes lies above and behind the promontory, between it and the ridge 
that marks the horizontal part of the Fallopian aqueduct. This region 
is usually obscured by the posterior rneatal wall. It is not necessary to 
expose it unless we wish to open the labyrinth, and if it is exposed 
in an ordiuary radical operation it must be religiously left alone. 
Gently remove any granulations from the inner wall with gauze. 
Xcver curette the inner wall ; the facial nerve, the labyrinth and the 
carotid canal arc all in danger. 

(°) Cautiously trim down the posterior meatal wall with the chisel 
until the aditus and middle car cavity are freely open without “ over- 
bangs. When this is being done the anaesthetist must keep watch on 
the facial muscles for any twitching. 

(10) Various ingenious methods have been described for closing the 
orifice of the Eustachian canal. Generally, they are impracticable or 
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useless, or both ; if there is no active nasopharyngeal infection, there is 
no need to occlude the orifice; if there is infection, no attempt at 
occlusion can succeed. 

(11) The plastic operation on the meatus. It is advisable to do a 
plastic operation in all cases. Occasionally, when the mastoid cavity is 
very small, an excellent result is obtained by packing the meatus 
without doing any plastic enlargement. Unfortunately it is the experi- 
ence of the majority of aural surgeons that these cases arc exceptional ; 
as a rule, however good the immediate result may be, the end-result is 
disappointing, and a plastic operation has to he done later. If there is 
an acutely septic exacerbation, or if we are compelled to do a radical 
operation on a patient with an infected and eczematous meatus, it is 
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often wise to perform the radical operation oil the bone first, pack the 
cavity widely open from behind, and some weeks later carry out the 
plastic procedure on the meatus. 

The object of the plastic 0 ]>eration is to enlarge the mental opening, 
so as to give free access to the cavity, and to provide as much skin 
covering us possible for the exposed surface of bone. There are a dozen 
methods of fashioning the /lap. The simplest is to make a single up- or 
down— /lap of the whole of the posterior soft mental wall. To make the 
*‘ up-turned ’* flap, pass a round-ended tenotomy knife into the meatus 
and draw it out, edge down, along the lloor. At the orifice, without 
lifting the blade, turn it backwards and outwards and carry it with a 
sawing movement into the concha and upwards towanls the crus 
belie is. This gives a roughly rectangular /lap hinged upwards. Secure 
the bleeding points, especially the posterior auricular urtcry, remote as 
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nmcli of the cartilage as possible from the flap, and secure it with a 

couple of catgut stitches. 

(12) Grafting the cavity. Skin grafts have been used to promote 
epidermatisation of the cavity. The usual Thiersch graft is cut from 
the inner surface of the thigh, and laid over the region of the aditus 
and the inner tympanic wall. It is adjusted with aural forceps and 
coased into position with a greased pack. Skin-grafting must never 
be used : (a) if there is any suspicion of an intra -cranial lesion ; (6) if 
there is a labyrinth fistula ; (c) in acute exacerbations of chronic infec- 
tions ; or (d) over exposed dura. Grafts of periosteum or of muscle (tem- 
poral or stemo-mastoid) have been used to obliterate the cavity. The 
coutra-indicatious are the same as in the case of skin grafts. When 
periosteum or muscle is used, the graft is made with a flap of the struc- 
ture which must not be entirely detached. The greatest difficulty 
with the muscle flap is a tendency to oozing. On the whole, although 
some surgeons have had excellent results, the applicability of the 
method is limited. 

(13) Close the post-aural incision with silkworm-gut sutures. 

(14) Pack the cavity with a strip of i-inch ribbou gauze soaked in 
2 per cent oily flavine, and cover with a large dressing. 

After-Treatment. There is usually little post-operative pain. The outer 
dressing should be changed during the first forty-eight hours. If the temperature is 
normal, the pack can be left in for ten days. Do not hesitate to give gas for removal 
of the pack if it is very painful. Inspect the cavity carefully with a headlight and 
speculum, paying particular attention to the region of the aditus and antrum ; 
it is in this region that “ pockets ” are most likely to form. If granulations are 
exuberant, paint them with 50 per cent silver nitrate, and put a small pack of 
gauze in flavine into the antrum and aditus. After the first pack has been removed, 
the less the tympanum is packed the better. If the cavity is healing well the whole 
cavity can be filled with amhrine, poured in at just a high enough temperature 
to melt it. The ambriue can be removed and a fresh dose put in eight days later. 
Prolonged packing is to be avoided unless contraction of the cavity is feared. 

MODIFICATIONS OF THE RADICAL OPERATION 

Iii some cases where the antrum is small and deep with a forward 
lateral sinus and an overlapping middle fossa, the best approach is 
through the postero-superior angle of the meatus, as previously described 
for acute cases where these anatomical difficulties are present. The 
radical operation is then completed in the usual way. 

The conservative mastoid operations are intermediate between the 
Schwartze and the radical. The object is to leave as much as possible 
of the middle ear intact. The best is the “ epitympano-mastoid ” 
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or “ transmastoid atticotomy.” This operation should always be done 
in cases of attic suppuration with useful hearing. The operation is 
started in the usual way until the antrum and adifcus are fully exposed. 
Then the outer attic wall is cut away with a small gouge, and lastly 
the posterior tneatal wall is cut down, and the flap cut. The stages of 
the operation are shown in the diagrams (fig. 2525). The Heath, or 
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Kustcr, operation in which the posterior ineatal wall is cut away aud the 
antrum drained into the meatus without removal of the attic wall, has 
little to commend it ; in acute conditions it is seldom necessary, while 
in chronic conditions it is usually inadequate. 


ACCIDENTS IN THE RADICAL OPERATION 
(1) Injury to the labyrinth. The external canal has occasionally 
been injured. In most cases where this has happened there have been 



4658 


POST-GRADUATE SURGERY 

no serious consequences ; the vertigo has ceased after a few days and 
there has been no evidence of permanent damage to the labyrinth. 
Tn rare ins tan ces labyrinthitis has followed. Dislocation of the slopes 
is much more serious. If the stapes is dislocated info the operation cavity , 
the best course is to watch the patient closely for sev eral days and to drain 
the labyrinth if and when evidence of labyrinth suppuration appears ; 
if the stapes is forced into the labyrinth , vestibulotomy must be performed 
i mm ediately and the stapes found and removed. If this is not done, 
labyrinth suppuration is inevitable and meningitis is probable. 

If there is any suspicion that the labyrinth has been injured during 
the operation,. the cavity must not be grafted, and should be very lightly 
packed. 

(2) Injury to the carotid artery. This accident is, fortunately, very 
rare. If it does occur it is always associated with necrosis of the inner 
tympanic wall. The bleeding must be arrested by firm packing into 
the cavity, this being held by the assistant’s finger; the internal 
carotid is then exposed and ligated in the neck. It is well to ligate the 
internal jugular at the same time. The operator then returns to the 
mastoid wound, cautiously enlarges the hole in the bone of the carotid 
canal, and obliterates the vessel in the canal with packing. 

(3) Injury to the facial nerve (see page 4687). 

SOME GENERAL REMARKS 

(1) A radical mastoid cavity will never heal satisfactorily if there 
is active oral or naso-pharyngcal sepsis. If there is no urgent indication, 
do not attempt the radical operation until septic teeth and tonsils have 
been removed and an}' infected paranasal sinus has been drained. 

(2) The better the operative technique the less trouble nail there 
be in the after-treatment; but the best operation can be spoilt by 
careless after-treatment. 

(3) It is easy enough to do a radical operation of a sort, but it is 
never easy to do a good radical operation ; the results of a bad 
one may be very bad indeed. 

Surgery of the Labyrinth 

LABYRINTHINE SUPPURATION 

For practical purposes pyogenic labyrinthitis is the result of middle 
ear suppuration; in rare instances it follows injury, such as an 
operation accident or fracture of the basis cranii. Other causes of 
suppuration in the labyrinth are surgical curiosities. 

Labyrinthitis is important surgically only because it may invade 
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the cranial cavity : (1) By the internal auditory meatus into the sub- 
arachnoid space and the cistema pontis ; (2) By the aqueduct of the 
cochlea (ductus perilymphaticus) by which the perilymph passes into 
the cerebro-spinal fluid in the posterior fossa ; (3) By the aqueduct of 
the vestibule through or alongside the ductus endolymphatieus ; or 
(4) By necrosis of the bony wall of the labyrinth. 

Extension by routes 1 and 2 causes meningitis, by 3 and 4, abscess 
either extra-dural, inter-dural, or cerebellar (fig. 252G). 

The functional changes in the labyrinth are surgically important 
only because they indicate the progress of invasion, and by that the 
danger to the meninges. The labyrinth is so small, and the nerve-end- 
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ings are so close together that diffuse suppuration must rapidly destroy 
them and abolish all activity. Thus, so long as the labyrinth preserves 
any activity, the invasion of the perilymphatic space cannot be com- 
plete and the danger to the meninges is small. On the other hand, if 
the labyrinth is completely inactive in a suppurating ear we can 
assume that it has been destroyed by infection and is itself infected. 

Giddiness in the presence of aural suppuration must always !>e 
taken seriously. If the labyrinth is affected, giddiness is usually accom- 
panied by nystagmus, unsteadiness of gait and, in severe cases, by 
vomiting. The violence of the vomiting may mask the other signs, 
which explains the fact that cases of fulminating labyrinthitis are some- 
times treated as “ gastric influenza.” 

Unnecessary confusion has been caused by the nomenclature of 
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labyrinthitis : (1) “ Circumscribed labyrinthitis ” or “ labyrinth fistula ” 
is, strictly speaking, neither labyrinthitis nor a fistula ; it is an erosion 
of the bony wall which exposes the endosteum and makes the labyrinth 
abnormally sensitive to changes in pressure or temperature ; (2) Serous 
labyrinthitis is a sympathetic effusion, caused by inflammation in the 
middle ear ; (3) Suppurative labyrinthitis is classified as “ manifest ” 
or “ latent.’* “ Latent ” labyrinthitis means that the labyrinth has 
been destroyed by suppuration and that since the destruction the laby- 
rinth of the sound side has compensated for the loss of function ; there 
are, therefore, no obvious signs of any labyrinth disturbance. 


THE LABYRINTH TESTS AND DIAGNOSIS 
The tests of labyrinth function are based on these facts : 

(1) The nerve-endings of the labyrinth are in a state of tonic 



activity, and send to the higher centres a continuous stream of impulses 
which maintain equilibrium. 

(2) formally the labyrinths of both sides are equally active. An 
increase in the activity of one side produces involuntary movements 
loicards the less active side. These movements are : 

(а) The slow movement of nystagmus. 

(б) Swaying and falling. 

(c) Deviation of tile finger when pointing with eyes shut. 

(.Vo/e. Nystagmus is a double movement, slow in one direction, and 
quick m the other. The labyrinthine component is the slow movement, 
but the quick movement or “ movement of return " is the more easily 
detected, and therefore the nystagmus is described according to the 
direction of the quick movement, which is confusing.) 
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If one labyrinth is destroyed the sound side is, of course, the .active 
side, and all movements are towards the side of the destroyed labyrinth 
(fig. 2527). 

The labyrinth tests arc of great scientific interest, but for surgical 
purposes we want to know two things : (a) Is the labyrinth still active ? 
and (6) If it is active, is the wall intact ? If the labyrinth has been 
destroyed hearing trill be lost. To prove loss of hearing the good ear 
must be completely deafened by the Barany noise machine or by 
syringing during the test. The most reliable test for the labyrinth 
is the caloric test. This is based on the fact that irrigation with fluid 



a few degrees above or below !)S° F. causes nystagmus and giddiness. 
Tile best working explanation of the teat is that, if the temperature of 
the labyrinth fluid is altered, a current is set up which stimulates the 
nerve-endings. The test can also be done with cooled air, using Dundas- 
Grant’s instrument. If there is no giddiness or nystagmus after 
It minutes’ syringing with cold water and there is absolute unilateral 
deafness to the voice and to a tuning-fork on the mastoid, we can 
assume that the labyrinth is inactive. 

if the middle ear is full of granulations, the cold water cannot reach 
the labyrinth wall, and the test may fail. In this case it is \\ ell to do the 
mastoid operation and at the end of the operation to douche the cavity 
with ice-cold saline. The slow movement of nystagmus U not abolished 
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by light anesthesia, and if the labyrinth is active there will be a devia- 
tion of the eyes towards the irrigated side, which can be reversed by 
irrigating with, liot lotion. 

If there is an erosion of the i call of an active labyrinth, the fistula sign 
is usually present, men the pressure in the ear is suddenly raised, 
for instance, by pressing firmly on the tragus, if there is an erosion of 
the labyrinth wall the pressure is transmitted directly to the labyrinth 
fluids and there is nystagmus and vertigo. 

SUMMARY 

In " circumscribed labyrinthitis" or “ labyrinth Jislula” the laby- 
rinth is unduly sensitive. Hearing varies according to the amount of 
middle ear destruction, the response to the labyrinth tests is excessive, 
and the fistula sign is present. 

In “ serous labyrinthitis ” the affected labyrinth responds, often only 
slightly, to the tests and there are traces of hearing. 

In “ suppurative labyrinthitis ” there is no survival of hearing 
or of labyrinth activity. 

TREATMENT OF LABYRINTHITIS 

(1) Circumscribed labyrinthitis. The appropriate mastoid operation, 
Schwartze, conservative or radical according to the ordinary rules for 
a mastoid operation, should be performed and the “ fistula ” exposed. 
The fistula, must wot he euretted or probed or interfered with in any way 
at all. In the great majority of cases, once the mastoid suppuration 
has been cured the fistula heals completely. In exceptional cases, it 
does not heal and causes continual attacks of vertigo. Only under 
these circumstances, and then only after a considerable interval, aie 
we justified in destroying the labyrinth. 

(2) Serous labyrinthitis. No operation should be done on the 
labyrinth. No operation should be performed on the mastoid, if it call 
possibly be delayed, until all signs of labyrinth irritation have subsided. 

(3) Manifest suppurative labyrinthitis. If there are signs of laby- 
rinth destruction, vertigo, falling, and pointing error to the affected side, 
with violent nystagmus (quick movement to the sound side, slow to the 
affected side) and complete loss of hearing and labyrinth function, it is 
advisable to open and drain the labyrinth without further delay. Some 
surgeons advise that the labyrinth should not be drained unless there 
are signs of meningeal irritation, headache, or an increase in the cells 
of the ccrebro-spinal fluid. The danger of this is that the invasion of the 
meninges may be very sudden, and once the meninges axe invaded the 
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danger is enormously increased. It is important to remember that often 
there is little or no pyrexia in labyrinthitis until the meningeal reaction 
begins. 

(4) Latent labyrinthitis. If the labyrinth has been destroyed by 
infection there may be danger to the meninges although there arc no 
labyrinth signs except total loss of excitability. The treatment depends 
on the degree of repair. If the ear still suppurates, a radical mastoid 
operation should be carried out, and the labyrinth should be drained 
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unless it is completely shut oil by scar tissue. A mastoid operation in the 
presence of active labyrinthine suppuration, however chronic, may set 
up meningitis unless the labyrinth is drained at the same time. For 
this reason particularly a radical operation should never be done without 
preliminary investigation of the labyrinth. 

In some cases necrosis of the labyrinth has occurred, and it will 
then be neces.*aiy to remove the sequestra. The facial nerve has 
probably been already destroyed by suppuration, but, if not, great 
care must be taken to avoid damaging it. -Vs a rule, the necrosed 
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labyrinth can be removed in two pieces, a sequestrum of the canals 
behind the facial nerve, and a fragment of the cochlea in the middle 
ear. Sometimes the carotid canal is open, and this possibility must 
always be remembered. 

D RAIN AGE OF THE LABYRINTH — LABYBINTHOTOJIY 

The simplest operation is the “ vestibulotomy ” of West and Scott. 

Instruments. As for radical mastoid, with, in addition, straight, 
narrow labyrinth chisels and gouges, a fine-pointed labyrinth probe 
and a labyrinth curette. The von Eicken binocular magnifying loupe 
is very useful. A suction apparatus with fine nozzles should be avail- 
able. Iced saline should be kept ready, as it checks oozing more effi- 
ciently than adrenalin. The chisels and gouges must be very sharp, 
or the bone may be split, not cut. with disastrous results to the facial 
nerve. 

First stage. Radical Mastoid Operation. This must be more 
extensive than usual ; enough posterior meatal wall must be cut 
away to show the oval window and the recess of the round window. If 
necessary some of the meatal floor must be removed. Cutting the 
meatal flap at this stage gives more room, but the oozing from the cut 
edges is so troublesome that it is better to pull the soft meatus out of 
the way by looping a strip of gauze through it. 

Second stage Inferior Vestibulotomy. The following landmarks 
should be identified . (1 ) Facial ridge above the oval window ; (2) bulge 
of the horizontal canal ; (3) promontory, corresponding with the first 
turn of the cochlea • (4) the oval window ; and (5) the recess of the 
round window. Alith a few light cuts of the chisel the bar of boiie 
between tile recedes of the windows is divided and the posterior part of 
the promontory cut away. The triangular piece of bone so freed is 
gently lifted out. This opens the vestibule and the basal turn of the 
cochlea. Take out the stapes and then cautiously extend the opening 
forwards and downwards until the windows, vestibule and basal turn of 
the cochlea form a single cavity. Upward extension endangers the 
horizontal part of the facial nerve ; backward extension the descending 
part. Avoid injuring the deep wall or the modiolus of the cochlea, as 
this opens the internal auditory meatus. This accident is not really 
dangerous, but the flood of cerebro-spinal fluid adds greatly to the 
difficulties. 

Third stage. Superior Vestibulotomy. Identify the bulge of the 
horizontal canal behind the facial ridge in the region of the aditus. 
If there is a fistula, -enlarge it with chisel cuts, first backwards and then 
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forwards to the ampulla. If there is no fistula, open the canal as far 
back as it can be traced with a few cautious chisel cuts, and then 
enlarge by opening backwards and forwards. Remove the bone above 
the ampulla, and so open the ampulla of the superior canal. Very care- 
fully cliip away the bone between the two ampulla?. The vestibule is 
now open from above as well as from in front. Arching over the cavity 
between the two gaps made by the operation is a “ flying buttress ” of 
bone which contains the facial nerve in its canal. 

Fourth stage. A raeatal flap is cut and the wound closed behind. 
No packing should be put into the cavity. 

There are several methods of opening the labyrinth, which will not 
here be discussed in detail. The operation of West and Scott is technic- 
ally the easiest and gives perfectly adequate drainage. If there is any 
evidence of meningeal infection due to labyrinthitis, it is not difficult to 
complete the operation by establishing trans-labyrintJiine drainage. 

OPERATIONS ON THE LABYRINTH FOR VERTIGO 

(1) In a very small number of cases of intractable labyrinthine 
vertigo (Meniere's syndrome) where all other methods of treatment have 
failed, it is justifiable to operate on the labyrinth as a last resort. The 
general principles of treatment are here outlined : 

(а) The indications are entirely different from those in suppurative 
labyrinthitis. There we operate because the patient’s life is in danger, 
and the operation is less dangerous than the disease. 

In Meniere's syndrome the patient’s life may be miserable, but it is 
not ill danger until we operate. The risk is slight, but it is real. The 
operation is more dangerous than the disease. 

(б) The risk is infection of the labyrinth from the middle ear and 
through it of the meninges ; therefore it is better, if possible, to operate 
from behind the tympanic cavity rather than across it. 

(c) Operations are of three kinds : 

(i) Those designed to compensate pressure changes by the forma- 
tion of a “ safety valve.” These are based on the view that the vertigo 
is due to a “ glaucoma ” of the Labyrinth, and are analogous in principle 
with comeo-sclerotic trephining. Examples of these operations are 
the formation of a fistula on the external canal and Portmann's operation 
for draining the saccus cndolymphaticus. 

(ii) Destruction of the labyrinth by vestibulotomy, or injection of 
alcohol. 

(iii) Division of the eighth nerve. This operation has been advocated 
on the grounds that no other treatment has been of any benefit in 
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labyrinth can be removed in two pieces, a sequestrum of the canals 
behind the facial nerve, and a fragment of the cochlea in the middle 
ear. Sometimes the carotid canal is open, and this possibility must 
always be remembered. 

DRAINAGE OF THE LABYRINTH — LAB YR INTHOT 0 MY 

The simplest operation is the 41 vestibulotomy ” of West and Scott. 

Instruments. As for radical mastoid, with, in addition, straight, 
narrow labyrinth chisels and gouges, a fine-pointed labyrinth probe 
and a labvnnth curette. The von Eickcn binocular magnifying loupe 
is very useful. A suction apparatus with fine nozzles should be avail- 
able Iced saline should be kept ready, as it checks oozing more effi- 
ciently than adrenalin. The chisels and gouges must be very sharp, 
or the bone may be split, not cut, with disastrous results to the facial 
nerve. 

First stage. Radical Mastoid Opetation. This must be more 
extensive thau usual; enough posterior meatal wall must he cut 
away to show the oval window and the recess of the round window. If 
necessary some of the meatal floor must be removed. Cutting the 
meatal flap at this stage gives more room, but the oozing from the cut 
edges is so troublesome that it is better to puli the soft meatus out of 
the way by loopmg a strip of gauze through it. 

Second stage Inferior Vestibulotomy. The following landmarks 
should be identified : (l) Facial ridge above the oval window ; (2) bulge 
of the houzontal canal ; (3) promontory, corresponding with the first 
turn <if the cochlea ; (4) the oval window ; and (5) the recess of the 
round window. With a few light cuts of the chisel the bar of bobe 
between the recesses of the windows is divided and the posterior part of 
the promontory cut away. The triangular piece of boue so freed is 
gently lifted out. Tliis opens the vestibule and the basal turn of the 
cochlea. Take out the stapes and then cautiously extend the opening 
forwards and downwards until the windows, vestibule and basal turn of 
the cochlea form a single cavity. Upward extension endangers the 
horizontal part of the facial nerve ; backward extension the descending 
part. Avoid injuring the deep wall or the modiolus of the cochlea, as 
tins opens the internal auditory meatus. This accident is not really 
dangerous, but the flood of eerebro-spinal fluid adds greatly to the 
difficulties. 

Third stage. Suj>erior Vestibulotomy. Identify the bulge of the 
horizontal canal behind the facial ridge in the region of the aditus. 
K there is a fistula, ‘enlarge it with chisel cuts, first backwards and then 
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forwards to the ampulla. If there is no fistula, open the canal as far 
back as it can be traced with a few cautious chisel cuts, and then 
enlarge by opening backwards and forwards. Remove the bone above 
the ampulla, and so open the ampulla of the superior canal. Very care- 
fully chip away the bone between the two ampulke. The vestibule is 
now open from above as well as from in front. Arching over the cavity 
between the two gaps made by the operation is a “ flying buttress ” of 
bone which contains the facial nerve in its canal. 

Fourth stage. A meatal flap is cut and the wound closed behind. 
Xo packing should be put into the cavity. 

There are several methods of opening the labyrinth, which will not 
here be discussed in detail. The operation of West and Scott is technic- 
ally the easiest and gives perfectly adequate drainage. If there is any 
evidence of meningeal infection due to labyrinthitis, it is not difficult to 
complete the operation by establishing trans-labyrinth ine drainage. 

OPERATIONS ON THE LABYRINTH FOR VERTIGO 

(1) In a very small number of cases of intractable labyrinthine 
vertigo (Meniere’s syndrome) where all other methods of treatment have 
failed, it is justifiable to operate on the labyrinth as a last resort. The 
general principles of treatment are here outlined : 

(а) The indications are entirely different from those in suppurative 
labyrinthitis. There we operate because the patient’s life is in danger, 
and the operation is less dangerous than the disease. 

In Meniere’s syndrome the patient’s life may be miserable, but it is 
not in danger until we operate. The risk is slight, but it is real. The 
operation is more dangerous than the disease. 

(б) The risk is infection of the labyrinth from the middle ear and 
through it of the meninges ; therefore it is better, if possible, to operate 
from behind the tympanic cavity rather than across it. 

(c) Operations arc of three kinds : 

(i) Those designed to compensate pressure changes by the forma- 
tion of a “ safety valve.” These are based on the view that the vertigo 
is due to a “ glaucoma ” of the labyrinth, and are analogous in principle 
with corneo-sclerotic trephining. Examples of these operations are 
the formation of a fistula on the external canal and Portmann’s operation 
for draining the saccus endolymjAaticus. 

(ii) Destruction of the labyrinth by vestibulotomy, or injection of 
alcohol. 

(iii) Division of the eighth nerve. This operation has been advocated 
on the grounds that no other treatment has been of any benefit in 
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Meniere's syndrome, which is not true, and that “ true ” Meniere s 
svndrome is due to changes in the eighth nerve, which has not been 
proved. The operation is certainly more severe than alcohol injection 
or vestibulotomy, and necessitates a large decompression. 

(2) Occasionally a labyrinth erosion does not heal in spite of an 
adequate and successful mastoid operation, and the persistent vertigo 
is unendurable. In such a case, when all else fails, it is justifiable to 
destroy the labyrinth. The best and simplest way of doing this is by 
an alcohol injection through the fistula. 

OPERATION OX THE LABYRINTH FOR TINNITUS 

This seems quite unjustifiable, and should never be done. Tinnitus 
is often found in patients after labyrinthotomy for suppurative 
labyrinthitis, and tinnitus has persisted after division of the eighth nerve. 

OPERATIONS ON THE LABYRINTH FOR OTOSCLEROSIS 
Attempts have been made to restore hearing in cases of otosclerosis, 
when the stapes is immobilised, by making an artificial fenestra on the 
promontory or on the external canal. In many cases there has been 
immediate improvement in hearing, but, unfortunately, this improve- 
ment is usually transitory. After a few w eeks, sometimes a few months, 
the patient is as deaf as ever. This relapse has been attributed to the 
closing of the fenestra by newly-formed bone, and recently Souixlille 
and Holmgren have suggested methods by which this can be obviated. 
At present these operations are still in an experimental stage. 

OTOGENOUS INFECTION OF THE LATERAL SINUS 
This condition is usually called lateral sinus thrombosis,” but the 
description is unfortunate because it confuses the issue. Surgically the 
important thing 13 the infection of the blood clot, not the clotting of 
the blood. 

In the great majority of cases of sinus infection the cause is a mastoid 
infection which erodes the bone and invades the sinus groove. Then, 
either. (1) by direct contact with the infected bone there is pachy- 
meningitis and invasion of the sinus through the blood-vessels in its own 
wall , or (2) there is an extra -dural peri-sinus abscess, which is followed 
by pachymeningitis. In both cases there is inflammatory reaction of 
the endothelium with deposit of fibrin on the vessel wall ; this is the 
mural clot. If the defence is entirely adequate, the clot becomes 
organLed ; there is no invasion of the blood stream, and no clinical 
evidence of the condition. If the resistance is not adequate, invasion 
of the blood stream and septictemia may occur without further throm- 
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bosis, or more and more fibrin is deposited until thrombosis is complete 
and the sinus is occluded. If the source of infection is removed and the 
resistance is now adequate again, as with the mural clot, the thrombus 
becomes organised ; later it is canalised and the lumen of the sinus is 
restored without any clinical evidence of thrombosis ever having 
occurred. This certainly happens, but it is unusual. 

Generally, the clot is softened by infection ; small pieces break away, 
are carried off by the blood stream and cause septico-pyaemia with, 
perhaps, infarction of the lung, empyema, or lung abscess ; empyema is 
the most common. Also particles of infected clot may lodge in small 
vessels and cause metastatic abscesses. The commonest places for 
these are around joints ; less frequently, actually in them. Infection 
of the kidney is unusual except in children, where we must always be 
on the watch for pyuria. 

Meantime, the clot may grow backwards into the torcula and so into 
the longitudinal or the straight sinus, or by the superior petrosal sinus 
into the cavernous sinus. The common extension is downwards to the 
jugular bulb and so into the jugular vein. 

Besides the spread along the vessels and into the blood stream, 
the infection may invade the subarachnoid space, causing meningitis, 
or it may advance along the veins, passing from the cerebellum into the 
sinus and so cause cerebellar abscess. 

Unusual causes of septic thrombosis are : (1) Injection and thrombosis 
of a ma&toul emissary vein with retrograde extension into the sinus ; 
(*2) labyrinthitis with necrosis of the wall and extra-dural abscess, or 
abscess of the saccus cndolymphaticus ; and (3) operation injuries. 

Some Statistics 

The condition is not uncommon. The incidence is roughly one in 
two hundred cases of otitis media. Except for extra-dural abscess, 
it is the commonest intra-cnnii.il complication. The most common age 
incidence is the second and third decades. It is slightly more common 
in males, slightly more common on the right side, and equally common 
in acute and chronic otitis. If cases are included in which there is a 
complication such as meningitis or cerebellar abscess, which may be 
secondary to the sinus infection, the death-rate is nearly 10 per cent. 

Signs and Symjttoms 

The classical signs of an intra-craniai lesion— headache, vomiting 
und papilluxloma— arc not to be relied on in sinus thrombosis, as there is 
UMiaUy little rise of intm-cranial pressure. There may be headache, hut 
it is rarely severe unless there is an extra-dural abscess ; engorgement 
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of tlie disc is found in only a minority of cases ; while vomiting 
suggests a further intra-cranial complication. The most reliable sign is 
pyrexia. A rigor is valuable confirmatory evidence, but we must never 
wait for a ri»or. If the temperature is 101° or over in an adult with 
mastoiditis, a blood infection should be suspected, and the sinus wall 
exposed and examined. The text-book signs of a “ cord in the neck or 
tenderness in the neck are not much help. The thickening and tender- 
ness are due to inflamed lymphatic glands, but tbe glands may be 
inflamed without any sinus disease, and the jugular vein may be 
thrombosed far down into the neck without any infection of the glands. 

A blood count may help, but the leucocytosis may be due to 
mastoiditis, not to sinus thrombosis. A positive blood culture is 
sometimes obtained, but a blood culture is of no use unless the blood is 
taken at a pyrexial peak ; generally we have positive clinical evidence 
before we have a positive blood culture. 

Evidence from Inspection of the Sinus 

The suspected sinus is exposed. Is it thrombosed ? The normal 
sinus is bluish, with a thin elastic wall on which fine blood-vessels are 
seen. When the sinus is compressed lightly with the finger it empties 
below the point of pressure, and fills as soon as pressure is released. 
Pulsation is transmitted from the brain, and a respiratory wave can 
often be seen. 

(1) The sinus wall is discoloured, from greyish-green to black. It 
may be gangrenous, with pus oozing through the ulcerated surface. 
The diagnosis is obvious : the sinus is thrombosed. 

(2) The sinus is distended and lies like a white raised band on 
the dural surface. It is resistant to palpation (but palpate very gently 
so as not to dislodge the clot !), and exposure far enough back shows a 
normal blue wall. The sinus is thrombosed. 

(3) There is an extra-dural abscess with healthy red granulations 
on the sinus wall In this case there is a good chance that the 
barrier is adequate, and we are justified in exposing the sinus wall and 
waiting for a day or two to see whether the symptoms will subside before 
attacking the sinus. 

(4) The sinus appears healthy except for one thickened white area. 
If there is evidence of blood infection we are justified in regarding this 
as an infected sinus and dealing with it as such. 

Some Difficulties 

(1) It i3 always easier to diagnose thrombosis from the appearance 
of the sinus when it is first exposed than after it has been exposed in a 
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mastoid wound for a few days, as it will then be covered by a thick 
coat of exudate. 

(2) Both ears are discharging, and there is clinical evidence of sinus 
infection, but no evidence as to which side is to blame. We may be 
driven to open both mastoids and to expose both sinuses, but in a very 
sick patient this is a formidable undertaking and it is worth while 
trying the Lillie-Crow or the Tobey-Ayer test. These depend on the 
fact that if one sinus is occluded the main venous drainage will be by 
the opposite sinus and jugular vein. If that jugular is temporarily 
occluded by digital pressure, there will be an immediate rise of intra- 
cranial venous pressure with a corresponding rise of pressure in the 
cerebro-spinal fluid (Tobey-Ayer), and venous engorgement of the optic 
discs (Lillie-Crow). Example: There is thrombosis of the right lateral 
sinus. A lumbar puncture is made and the needle connected with the 
manometer. The right jugular vein is compressed ; the pressure in the 
manometer is unchanged. The left jugular is compressed ; the pressure 
of cerebro-spinal fluid immediately rises because the main venous exit 
has been occluded (Tobey-Ayer). At the same time the veins about 
the optic disc, unchanged by the pressure on the right jugular, are seen 
to fill as soon as the left jugular is compressed (Lillie-Crow). 

Demonstration of the thrombus by X-ray examination after injection 
of a soluble radio-opaque substance has been described, but the method 
is in the experimental stage and is not yet applicable clinically. 

(3) The sinus is exposed and the appearance is suspicious but 
inconclusive. If on clinical grounds we are convinced that the sinus is 
thrombosed, we should treat it as thrombosed and operate. If wc arc 
doubtful and have relied on the appearance of the sinus to convince us, 
it is better to wait. Sticking hypodermic needles into the sinus “ to 
test for thrombosis” is unreliable and dangerous. The needle may 
penetrate a mural clot and find free blood, or the slight extra damage of 
the puncture may infect an uninfected sinus. 

(4) Can a patient survive ligation of both jugulars ? Patients have 
survived without any ill-effect when there lias been an interval of a 
week to a fortnight between the two operations, but such cases are 
burgical curiosities ; the risk is enormous. 

(5) Septica'niia without thrombosis. 

If septicaemia is present but there is no evidence of thrombosis, the 
sinus should not be disturbed. Scrupulous removal of infected bone down 
to the upward bend of the sinus to the bulb is all that we should do. 
It is important to remove bone as far back as the origin of the superior 
petrosa! sinus, as a mural clot in this situation is sometimes missed, 
\ot~ ill.— 2 n* 
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TREATMENT 

Tlie treatment of septic thrombosis is surgical. It is sometimes 
said that thrombosis is a natural protective mechanism and that we 
should not interfere. This is true ; but once the thrombus is infected the 
protective me chanism has failed. Before Ballance and Lane opened the 
sin us patients with septic sinus thrombosis were all left to nature, and 
nearly all of them died. 

The infecting focus must be eliminated. To do this we must : 

(1) Remove all infected bone. 

(2) Isolate the infected area of the vessel from the circulation. 

(3) Drain the infection. 

OPERATION 

Instruments. As for mastoid operation, with twelve additional 
kemostats, a second set of dissecting instruments, and an aneurysm 
needle for ligation of the internal jugular vein if this proves necessary. 

Ancuthetic and position of the patient are the same as for the mastoid 
operation. 

First stage. Perform the appropriate mastoid operation. In acute 
mastoiditis with sinus thrombosis it is hardly ever advisable to perform 
a radical mastoid operation. It is very rarely necessary even to 
remove the posterior wall of the bony meatus. The rule is free removal 
of all infected bone. 

Second stage. Make a horizontal incision 2 inches long backwards 
from the centre of the mastoid incision. The incision should go down 
to the bone. Secure spouting vessels, turn back the flaps, and pick up 
the edges of the pericranium with the pressure forceps. Then expose 
the sinus in the mastoid wound. This is best done with a broad gouge, 
and at the bend of the sinus. When a part of the wall is exposed, 
greased ribbon gauze can be pushed into the bony breach to separate 
the sinus from the bone, and the exposure is then completed with 
round-ended bone-cutting forceps. The sinus must be freely exposed, 
backwards until normal wall is found, and forwards for the whole length 
of the descending part. 

Third stage. A full Vinch of normal wall is exposed posteriorly. 
The dura is then carefully separated from the bone so that a pack cau 
be quickly inserted if need be. The sinus is then slit open over the 
whole length of infected wall. The free gush of blood from the pos- 
terior end clears out the loose clot. The vessel is now obliterated 
behind by packing greased ribbon gauze Uticeen the bone and the 
sinus wall, not into the lumen of the sinus. If this does not control the 
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bleeding entirely, a plug of muscle is cut from the sterno-mastoid and 
packed into the sinus. This method, which was first used by Sydney 
Scott, is an adaptation of the muscle graft for the sinus wall, and is 
equally efficacious. If the bleeding is uncomfortably profuse, it can 
be diminished by raising the patient’s head. It is questionable whether 
the clot should be curetted if it is adherent to the vessel wall. It is 
probably sufficient to secure free bleeding and widely open the infected 
area. 

Fourth stage. The clot is followed forwards and downwards towards 
the bulb. If free bleeding is obtained, the lower end of the sinus is 
obliterated. If not, the clot is followed down as far as possible and 
the jugular vein is tied. Operations have been described for exposure 
of the jugular bulb, but it is doubtful if they are ever necessary. If the 
apex of the mastoid is removed and the posterior border of the sinus 
followed down to the bend, adequate access can usually be obtained. 

Ligation of the Internal Jugular Vein 

If in doubt, ligate ; it may do good, it cannot do harm. Always 
ligate if there is not a free flow of blood from the lower end of the 
sinus ; above all, if pus escapes from the lower end. 

Remember : 

(1) That the jugular vein may be collapsed and surrounded by 
inflamed lymph glands, so that the operation is not always easy. 

(2) To tie well below the thrombus, but for choice, above the com- 
mon facial vein. If compelled to tie below the common facial vein, 
isolate it and divide it, or infection may spread along it into the deep 
veins and so into the cavernous sinus. 

(3) Not to tie the jugular vein without dealing with the infected 
sinus, or else the thrombosis will extend above the ligature into the 
torcular or the petrosal sinuses. Sometimes, in a desperate case, it is 
justifiable to tie the jugular vein in the hope that in the next twenty- four 
hours the patient’s condition may improve enough for us to attack the 
sinus, hut this is the only exception to the rule. 

Ojtcration. A protective dressing on the mastoid, clean gloves, 
clean towels, and » set of dissating instruments which have been kept 
unsoiled during the operation on the sinus are required. This set 
includes retractors, blunt-ended Mayo scissors, and two aneurysm 
needles, which should have broad, well-rounded tips. An aneurysm 
needle with a rough or sharp tip, such as these instruments too often 
have, is dangerous enough in action against a tough-walled artery ; it is 
inviting disaster to use such a weapon on a thru- walled vein. A large 
eye makes threading much simpler. 
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Position. A sand-bag under the shoulders, and the chin turned to 
the opposite side ; but do not extend the head too far, and do not rotate 
it too much, or the stemo-mastoid will be stretched so tightly that 
retraction will be difficult. 

The skin is prepared with picric acid in spirit or with flavine. 

(1) An incision 4 inches long is made from the angle of the jaw down- 
wards and alonff the anterior margin of the stemo-mastoid. It is a help 
to “ slant ” the incision a little forward, starting i-mch behind the 
anterior edge of the stemo-mastoid and finishing 4-inch in front of it. 
The most common mistake is to start the incision too low down. 
Expose the platysma in the whole length of the wound, divide or pull 
aside the external jugular vein, and then incise the platysma. This is best 
efiected by picking it up with two pairs of toothed dissecting forceps, 
one held by the operator and the other by his assistant, and then by 
incising and slitting with blunt-ended scissors. 

(2) Expose nud define the anterior edge of the stemo-mastoid. 
Remove any inflamed lymphatic glands. Tie off bleeding points ; do 
not leave pressure forceps on to obstruct the field. Draw the stemo- 
mastoid outwards and backwards, and then identify the carotid sheath. 
If in doubt, look for the pulsation of the carotids. In cases of difficulty 
there is a temptation to rummage in the neck and call it “ blunt 
dissection.” This makes identification much more difficult. 

(3) Pick up a loose piece of the carotid sheath with toothed forceps, 
as before, and opeu it. The vein lies on the outer side, aud is usually 
further back than we expect. Trace the vein up to the parotid and 
down to the end of the incision. Identify the common facial vein and 
define the limit of the thrombus. The thrombosed region does not show 
any change during respiration, and the vein below it is collapsed as far 
as the next main branch. The presence of thrombus is confirmed by 
very gentle palpation. 

(4) Followthe vein untilclearof thrombus, and thenpasstheaneurysm 
needle from within (i.e. from the carotids) outwards, bugging the vessel 
closely to avoid damage to the vagus, which lies behind and internal 
to it. Tie double ligatures a good 4-inch apart, draw the vein up, and 
divide between ligatures. Let the cardiac end fall back into the wound. 

(5) Follow the cephalic end up as far as possible, tying and dividing 
every tributary. Bring the cephalic end to the surface, stitch it to the 
skin, open it, and clear out as much clot as possible by gentle curettage. 

(0) Close the skin wound below with sutures, put in a rubber dam 
drain, and cover with a large dressing. 

After-Treatment. The mastoid wound is left widely open and loosely 
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packed with Well-greased gauze. The outer dressing should be changed 
the day after operation. The wound packing may be well soaked with 
flavine in oil, and if progress is satisfactory, it may be left in situ for 
several days. The gauze plugs obliterating the sinus should not be 
removed until the eighth day. It is well to remove them under an 
anaesthetic, so that fresh plugs can be inserted at once if there is any 
recurrence of haemorrhage. The great advantage of Scott’s method of 
plugging the sinus with a piece of muscle is that we avoid this danger. 

If at the time of operation there are no metastatic abscesses in the 
lung, and no intra-cranial complications such as meningitis or cerebellar 
abscess, the patient should recover. Unless operation has been so long 
delayed that he is already moribund, he is not likely to succumb to 
septicaemia after the operation. As a rule, the signs of septicaemia 
quickly pass once the source of infection has been removed. * Blood- 
transfusion is valuable when there is definite anamiia, but it should only 
be undertaken by an expert ; haphazard transfusion can do more harm 
than good. Serum treatment is sometimes useful when the blood culturo 
is positive. 

OTOGENOUS MENINGITIS 

In this section, meningitis means pyogenic inflammation of the 
piarachnoid (lepto-mcningitis). It is essential to remember that 
“meningeal irritation,” and “serous” and “suppurative” meningitis, 
arc stages in a continuous process, a pyogenic inflammation, as modified 
by the virulence of the infecting organism and by the local and general 
resistance brought into action against it (see also page 5484.) 

Organisms invade the meninges either : 

(1) Directly through infected tissue, c.g. by extension of an extra- 
dural abscess. 

(2f By anatomical channels of communication, such as the piarach- 
noid sheath of the eighth nerve, as in suppurative labyrinthitis. 

(3) By septic thrombosis of the cerebral veins. For the greater 
part of their course these veins have no tunica adventitia ; they are 
endothelial tubes in the piarachnoid mesh. Where these tubes are in 
close contact with infected bone or with infected sinus wall, they arc 
particularly vulnerable. The vessels of the petrous apex, which per- 
forate the dura and often communicate with the veins of the tympanic 
plexus, are a common route of infection. 

(4) By rupture of a cerebral abscess into a ventricle, or of a cerebellar 
abscess into the cisterns ; by direct invasion from a suppurating middle 
ear by a congenital defect of the temporal bone, or through the line of an 
old fracture ; or by invasion by the blood stream. These arc all rare. 
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Diagnosis. The cardinal signs are headache, fever, and stiffness 
of the neck. Early irritation suggests cortical spread ; early coma, 
basal. Sudden coma or delirium with high fever and paralyses usually 
means that a cerebral abscess has burst into a ventricle. 

Papillcedema is found in the majority of cases. Signs of meningitis 
with nystagmus and an inactive labyrinth point to invasion through the 
internal auditory meatus along the sheath of the eighth nerve. 

Lumbar puncture is a valuable aid to diagnosis, but not more than 
5 cc. of fluid should be taken. There is no doubt that sudden death 
has followed withdrawal of a large quantity of cerebro-spinal fluid in 
patients with intra -cranial complications. The cause is obscure, but the 
fact is undoubted. (This prohibition does not apply once the raised 
intra -cranial pressure has been relieved) 

The normal cell content is up to four cells per cubic millimetre. If 
cells exceed this figure, or if polymorphs are present, the fluid is abnor- 
mal. The most important chemical testa are the estimation of chlorides 
and of glucose. It will be seen from the table that the falls of chlorides 
and of glucose are important diagnostic signs. 


CHEMICAL COMPOSITION OP THE CEEEBP.O-SPIA’AL FLUID (GREENFIELD) 
(Figures in milligrammes per 100 cc. of fluid.) 



Blood 

c'Tf! 

HeaingitU. 

Chlorides. 

5G0-620 

725-750 

G00-CS0 

(Jluco.se . 

100 

o5-65 

0-30 

Urea .... 

•I 10-30 

10-30 

10-30 

Calcium (diffusible) . 

6-7 

6-7 

6-7 

ilagnesmm 

• 2-2-3 

3-3-5 

2-3 

P, as inorganic phosphates 

- 2-55 

1*3-2 

2-3 

Sulphates 

. .1 i 

1 

i 

Line acid- 

• -! 5 

0 3-1-3 

1-1-1-8 


As infection advances, the protein content rises. 

Racteriological examination is principally of importance for the 
prognosis ; we must not wait for the appearance of organisms in the 
fluid. 

TREATMENT 

Otogenous meningitis is a surgical condition and must be treated 
surgically. 

Patients who <lic of meningitis are not killed by increased intra- 
cranial pressure but by septic poisoning. Therefore, the primary focus 
must be eliminated and adequate drainage provided. 
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Elimination of the primary focus means the removal, as far as it is 
anatomically possible, of every particle of infected bone. It does not 
mean performing a mastoid operation, exposing a patch of dura, and 
hoping for the best. Bmma 3e 

Normally, the cerebro-spinal fluid is secreted by the choroid plexuses, 
reaches the surface by the intercellular channels and the perivascular 
piarachnoid sheaths, and passes into the blood stream of the venous 
sinuses via the arachnoid villi. 

In inflammatory conditions, especially when the protein content of 
the fluid rises, the absorption by the villi is hindered and, as the pressure 
rises, the fluid can pass backwards along the perivascular shcatlis. Thus 
the whole brain is percolated with infected fluid, and drainage, to be 
adequate, must therefore ensure that the fluid from the choroid plexuses 
continuously washes out the brain from within. It should be noted 
that : 

(1) Incision of the meninges is useless, except for the release of a 
localised collection of fluid. The brain bulges into the incision and 
blocks it. 

(2) Attempts at drainage by lumbar puncture or by puncture of a 
cistern are only temporary expedients. The meninges collapse on the 
central axis and the flow from the perivascular spaces is hindered. 
(An exception to this rule is drainage of the cisterna pontis in meningitis 
of labyrinthine origin.) 

(3) The vigorous resistance of the meninges to infection is a diffi- 
culty. Adhesions form, and pockets of infected fluid are isolated. 

Many attempts have been made to overcome these difficulties. 
Jenkins devised a method of translhccal irrigation which gave some 
brilliant results ; unfortunately, this method depends on such exactitude 
of minutia; that it is not suitable for general use. The most reasonable 
and generally applicable method is Kubics forced drainage. 

Ten years ago Weed showed that the secretion of cerebro-spinal fluid 
was affected by changes in the osmotic tension of the blood. On this 
observation Kubie has based his method of treatment. The principles 
may be stated as follows ; 

(a) Normally, nearly all the fluid is formed by the choroid plexus; 
some is formed by the cerebral capillaries, but this is quickly ru-al»orlx , d 
and does not reach the subarachnoid space. 

(b) When pressure is reduced by drainage, re-absoqdion is reduced, 
and the fluid from the capillaries passes by the ]>erivascular track to the 
subarachnoid space. 

(c) The rate of formation can be enonnoudy increased by lowering 
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the osmotic tension of the Wood and simultaneously draining the 
subarachnoid space ; this does not increase the intra-cranial pressure or 
cause cerebral cedema. 

(<Z) In inflammatory conditions the products of inflammation are 
carried along with tbe fluid. 

( e ) It is probable, but not proved, that forced drainage carries 
immune bodies into the cerebro-spinal fluid through the normal 
barrier. 

(/) The best method of reducing the osmotic tension of the blood 
is by intravenous injections of hypotonic saline, with sufficient salt to 
prevent haemolysis. “ Forced drainage ” differs from simple drainage 
in that it is really an irrigation ; thus the meninges do not collapse on 
the central axis, which obstructs the escape of cerebro-spinal fluid, the 
subarachnoid space is kept full, and the perivascular drainage is 
increased. 

The method is not suitable for cases of meningitis secondary to 
abscess until the abscess has beeu draiued, nor for patients with pul- 
monary, cardiac or renal disease. Kubie regards bacterimmia as a 
contra-indication, but considering the free passage of cerebro-spinal 
fluid into the circulation we may regard all cases of septic meningitis as 
potential cases of bacteriiemia, so that this objection is not valid. The 
method suggested is to drain off the cerebro-spinal fluid by lumbar 
puncture and to give intravenously 2 to 3 litres of 045 hypotonic saline 
in the course of one to three hours. Drainage can be repeated daily, 
or even continued steadily for a whole day. 

Procedure in a case of Meningitis 

Meningitis is a surgical emergency. When the diagnosis is estab- 
lished, the theatre must be prepared. The method of attack depends 
on the immediate cause. 

( 1 ) There is suppurative labyrinthitis with meningitis. The indication 
is clear. We open the labyrinth and drain the meninges, in this case the 
cistema pontis, along the line of invasion which is the internal auditory 
meatus. This is the “ trans-labyrinthine drainage ” of West and Scott. 
In meningitis of labyrinthine origin it is the only satisfactory method. 
It is as futile to use it for meningitis arising elsewhere than in the 
labyrinth as it would be to remove the appendix for peritonitis caused 
by a perforated gastric ulcer. 

Anatomical points. The internal auditory meatus is 8 to 10 mm. 
long and 4 to 5 mm. in diameter. It is directed slightly obliquely 
backwards and inwards, making an angle of 45 degrees with the long 
axis of the petrous pyramid. The base of the cochlea corresponds with 
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the anterior half of the outer end ; the carotid is below and in front 
(Ballance). In the meatus the facial nerve lies above the auditory. 
The arachnoid sheath is attached to the walls as an open funnel. 

Operation. Instruments and anaesthetic as for vestibulotomy. 

Stages 1 and 2. Radical mastoid operation and vestibulotomy — 
superior and inferior. 

Stage 3. The labyrinth is washed out with iodine, and the surgeon 
using fresh gloves and clean instruments, then perforates the inner 
vestibular wall. This is best done by taking the “bimeatal transcephalic 
line ” (Scott) and placing a small chisel against the inner wall, aiming 
at the opposite meatus. A very light, resolute tap of the mallet is far 
safer than trying to push the chisel through. The opening is cautiously 
enlarged, and the cavity at once fills with cercbro-spinal fluid. A few 
strands of silkworm-gut are twisted to make a drain, and are slipper! 
into the internal auditory meatus. The post-aural wound is stitched 
up. Xo packing is put in the ear. 

(2) There is an abscess, cerebral or cerebellar, or lateral sinus throm- 
bosis. Here the operation deals with the focus. 

(3) There is no known cause apart from the mastoid infection. Here 
the best method is that described (with slight variations) by Eagleton, 
Neumann and Voss. 

Operation. Half the head is shaved. Instruments are as for the 
radical mastoid operation, with twelve additional hoomostats. 

(1) Open the mastoid antrum and remove the outer attic wall. 
It is not advisable to perform a radical operation unless the condition 
of the middle ear demands it. 

(2) Expose the bend of the lateral sinus and remove the bone 
posterior to the sinus in order to expose a large area of cerebellum. 

(3) Remove the legmen tgmpani ct anlri and a large area of the 
squamous temporal. 

(t) Shave down the zygoma to the capsule of the temporo-man- 
dibular joint. 

(5) Carefully strip the dura ofl the superior and posterior surfaces 
of the petrous bone. 

(0) Gouge away the “ solid angle ” of the petrous bone until the 
superior petrosal sinus is freed from its groove. If possible, respect 
the superior vertical canal. 

The whole upper surface of the petrous can now be examined, any 
abscess drained, and infected bone cut away. Stripping of the dura is 
made much easier by an occipito-atloid puncture. 
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POST-GRADUATE SURGERY 
After-Treatment 

■Whichever method is adopted, Kubie’s forced drainage should be 
started immediately. The intravenous injection is begun by an 
assistant while the operation is in progress. 

The loss of fluid is so great that vigorous steps must be taken to re- 
place it. Sleep should be ensured by the administration of paraldehyde. 
Morphia is avoided if possible, as it diminishes the activity of the 
choroids. Intrathecal injection of chemicals seems useless and may 
even be dangerous. Intrathecal injection of sera has the disadvantage 
of increasing the protein content of the fluid. The outer dressing should 
be changed whenever it is soaked, but otherwise the patient must be 
disturbed as little as possible. 

ncr ra-cr axial abscess. (See also Yol. II, page 1827.) 

A. Extra-dural and Subdural Abscesses. 

Extra-dural abscess is the most common and least dangerous of all 
intra-cranial complications. It is seldom diagnosed before operation, 
and is usually discovered in the routine exploration of carious tracts 
in the bone. When found, the abscess is drained by the free removal of 
all overlying bone. On no account must the operator scrape, curette, 
or otherwise interfere with the granulating surface of the underlying 
dura unless there is evidence of a deeper brain abscess. The 
commonest sites for an extra-dural abscess are: (1) Over the lateral 
sinus (2) forward in the zygomatic region ; and (3) on the superior 
surface of the petrous bone. 

Subdural abscess is rare, except as an intermediate stage in the 
development of brain abscess. ^Yhen present, it usually lies above the 
tegmen. 

B. Brain Abscess is either cerebral or cerebellar. The pathology 
and the problems of treatment are the same in both. 

Pathology. The abscess usually starts in the avascular area of white 
matter between the areas supplied by the basal and cortical vessels. 
Infection travels by the perivascular sheath ; less frequently by retro- 
grade thrombosis of veins ; occasionally by endarteritis and embolism. 

First, there is local encephalitis, which is diffuse and sometimes 
hemorrhagic, with central destruction and migration of leucocytes. If 
there is good resistance, the destruction is localised, an abscess wall 
forms, and the abscess is enscapsulated, with a definite formation of 
fibrous tissue in the wall. It is probable that, in favourable cases, a 
wall begins to form at the end of the first week, and a firm capsule is 
present between the fourth and sixth weeks. 
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The time of operation — early or late ? 

On this point there is still considerable disagreement. Some surgeons 
advise us to operate as soon as we diagnose an abscess ; others say we 
should wait until the abscess is encapsulated. On the whole, it seems 
better to wait. In the acute stage, drainage is practically impossible, as 
there is no defined cavity, and operation has all the disadvantages of 
disturbing an acutely inflamed region. Also, it has been shown by 
Borrics that bscmorrhagic encephalitis may give all the signs of abscess 
and yet subside without operation. If intra-cranial pressure rises to a 
dangerous degree, or if there is real danger to vision, a decompression 
operation in a healthy area is justifiable and preferable to premature 
intervention in the area of inflammation. 

These remarks indicate no more than the general trend of opinion. 
It is too early as yet to lay down hard and fast rules, and the evidence of 
statistics is indecisive. It is undeniable that the surgeon who waits 
for encapsulation gets far better operative results : but it is only fair to 
admit that in the worst cases the patient may die before the capsule 
has had time to form, and it is possible that some of these patients might 
be saved by early operation. 

Ilow can ice judge the progress of encapsulation ? The period of time 
which elapses after the first signs of intra-cranial invasion is a rough 
guide. The absence of febrile symptoms is not reliable, as they are 
rarely pronounced, even in the early stage. The presence and nature 
of neurological symptoms is not of much help, as these may be due to 
irritation around an encapsuled abscess or, especially in cerebellar coses, 
may disappear before encapsulation is complete. The most reliable 
evidence is the condition of the ccrcbro-spinal fluid. Usually the fluid is 
at first turbid but sterile, with many cells. As the abscess is shut of! 
by its waff, the fluid clears and the cells diminish, until we have a clear 
sterile fluid with scanty cells. A clearing fluid with increasing intra- 
cranial signs establishes the diagnosis of an ah&cess. If the fluid con- 
tains many cells and increasing organisms, it is proof tliat the isolation 
of the abscess has failed. 

DIAGNOSIS OF lXTKA-CKAXIAL ABSCKsS 

Satisfactory diagnosis depends on the observation and correct 
interpretation of small, and often transient, signs. The siym and 
&y in j Joins of brain abscess may be roughly ground as follows: 

(1) Those duo to sepsis : pyrexia, malaise, and increase in the 
leucocytes in the* blood and ccrebro-spaui fluid. 

(2) Those due to increased intra-cranial pressure : headache, 


A ? 
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vomiting, papillcedema, slowing of the pulse, rise of blood-pressure, 
rise of pressure of the cerebro-spinal fluid, fits, coma and respiratory 
paralysis. 

( 3 ) Those due to destruction or irritation of the cortex or sub- 
cortical tracts. These are the “ localising signs ” and are discussed 
later. 

In practice these factors modify each other in various ways, but 
some general rules can be laid down : 

(1) Headache is the most constant symptom. No patient should 
have a persistent headache after a successful mastoid operation. 
There must be some cause, and that cause must be found. 

(2) Papillcedema is frequent, but not constant. It is more common 
in cerebellar than in cerebral abscess. 


Otitic hydrocephalus. 


Age 

General condition 


Fundi . 


Localising signs 


Any age. 

' The patient complains of 

, malaise and appears ill. 

I 

. Often normal ; if papill- 
cedema is present it is of 
slight degree. 

. A right-sided temporal lobe 
abscess may be relatively 
silent ; a cerebellar or left 
temporal abscess usually 
gh es rise to characteristic 
localising signs. 


Almost always children and 
adolescents. 

Between the attacks of head- 
ache the patient feels and 
looks well 

Papillcedema constant : 
usually measurable swell- 
ing with haemorrhages and 
exudate. 

Xo localising signs are pres- 
ent. A sixth-nerve paral- 
ysis on the side of the lesion 
is present in a fair number 
of cases. Rarely, unilateral 
or bilateral convulsive 
seizures may occur, or the 
plantar response on one or 
both sides may be extensor 
—the result presumably of 
increased intra -cranial pres- 


Cerebro-spinal fluid 


Clear, pressure moderately 
increased, protein con- 
tent constantly above 
norma], cells nearly always 
increased (mainly lympho- 
cytes with an occasional 
polymorph.) 


sure. 

Clear, pressure often above 
300 mm., quantity abun- 
dant, no excess of protein 
or of cells. 
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(3) Vomiting is not constant. The “ typical ” projectile vomiting 
without nausea is uncommon. 

(4) Pyrexia is slight, and is often unnoticed unless a two-hourly chart 
is kept. An occasional slight “ shivering fit,” not worthy of the name 
of rigor, is not uncommon. 

(5) Slowing of the pulse is usually present to some degree. It is a 
little too slow for the temperature. In the late stages it is marked. 

(6) Malaise, constipation, and drowsiness or irritability are usual. 

Stereoscopic skiagrams are sometimes helpful, if the}' provide 

positive evidence. 

Lumbar puncture has already been considered and, as previously 
stated, not more than 5 cc. should be withdrawn at a time. 

Ventricular puncture {see Yol. II, page 1778,) is sometimes of great 
help. Dilatation of one ventricle suggests an abscess on the opposite 
side. Dilatation of both ventricles suggests an abscess of the 
cerebellum with obstruction to the passage of cerebro-spinal fluid 
below the tentorium. 

Differential Diagnosis 

Encephalitis lethargica is distinguished by the unchanged chloride 
content of the cerebro-spinal fluid and by the lymphocyte pleocytosis. 

Symonds has described a condition of “ otitic hydrocephalus ” which 
may cause confusion. 

The only treatment needed for this condition Is extirpation of the 
dural infection and lumbar or ventricular puncture. 

DISTINGUISHING FEATURES OF CEREBRAL ANI) CEREBELLAR ABSCESSES 

Cerebral abscess of otitic origin nearly always starts in the temporo- 
sphenoidal lobe, but occasionally in the parietal or frontal. It occurs 
in about ti per cent of all cases of intra-cra nial complications of middle 
car disease. It is nearly twice as common as cerebellar abscess ; is 
most common in the second and third decades ; is twice as common 
in men as in women ; is four times more common in chronic than in 
acute cases ; and is equally common on the right and left sides. 

Signs peculiar to cerebral abscess. In right-handed persons the left 
temporal lobe is particularly concerned with speech. A curious disturb- 
ance described by Sydney Scott as “ wonl amnesia ” is of the utmost 
significance. Although the patient shows no obvious signs of aphasia, 
there is ‘“an inability to correlate ideas of objects with names of 
objects." When the patient is shown a number of common articles — 
coins, matches, keys, a pencil, and so on— he will answer correctly for a 
time, then suddenly repeat a word and fail to describe some particular 
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object. When told what it is, he may still be unable to describe how to use 
it. Loss of a homonymous sector of the visual fields, usually an “ indenta- 
tion” but occasionally complete hemianopia, is the most common 
sign. Contralateral irritation or hemiplegia is a late sign and of grave 
prognostic significance, but it does not prove that the abscess has spread 
into the pyramidal tiact. It usually means that the tract has been 
affected by the advancing oedema around the abscess. Paralysis of the 
third and sixth nerves is a sign of increased pressure, rather than a specific 
sign of temporal lobe abscess. 

Cerebellar abscess is only one half as common as cerebral abscess. 
It is equally common on the two sides, twice as common in men as in 
women, and is most common in the second and third decades of life. 
There is no evidence that children in the first decade are particularly 
susceptible. 

There are three ways in which aural suppuration can cause cere- 
bellar abscess : 

(1) By spread of infection from labyrinthitis ; usually through 
necrosis of the labyrinth wall and the formation of an extra-dural 
abscess. 

(2) By spread of infection from a thrombosed lateral sinus. 

(3) By osteitis and direct spread ; usually through the posterior 
antral wall and the bone deep to it (Trautmann’s triangle) ; and less 
frequently through cells postero-inferior to the lateral sinus. 

It is said that the labyrinthine route is the most common, but 
probably there is little difference between the three. 

Signs peculiar to cerebellar abscess. 

The signs of increased intra-cranial pressure are usually earlier and 
more severe than in cerebral abscess. Retraction of the head, stiffness 
of the neck and Kemig’s sign are all indications of increased pressure, not 
tme cerebellar signs. This is because : ( 1 ) the rise of pressure is primarily 
subtentorial, so that pressure on the brain stem is more marked ; and (2) 
the compression and distortion of the brain stem obstructs the aqueduct 
of Sylvius and produces internal hydrocephalus above the tentorium. 
Signs of septic absorption may be masked by causal sinus throm- 
bosis. Extreme wasting is sometimes seen. Signs due to irritation or 
destruction of the cerebellar tissue are often transient, and some 
are difficult to distinguish from those of labyrinthine irritation and 
destruction. 

Peculiar to cerebellar lesions, whatever may be the condition of the 
labyrinth, are signs due to disturbance of muscle tone and co-ordination. 
They are : 
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(1) Ilypermclria. When attempting to touch anything, the hand on 
the affected hide overshoots the mark. If the patient tries to write, 
the dots are not over the i’s,” and the commas are wrongly placed. 
If with the eyes closed and arms extended he tries to make the fore- 
fingers meet, he misses and the hands cross. If told to touch first his 
knee, then the examiner’s forefinger, and finally his own nose, he finishes 
up on his cheek or jaw. 

(2) Hypotonia. If the examiner throws up the patient’s relaxed 
arms, that on the affected side drops limply. 

(3) Dysd iadokoki n as ia is shown when the patient is told to pronatc 
and supinatc both wrists as quickly as he can. The hand on the 
affected side soon begins to waver and make movements out of time 
with the other hand. 

Cerebellar catalepsy and convulsions arc rare. The cerebellar jwsi- 
lion, lying oil one side in a semi-flexed attitude, often with the head 
tucked over to the side of the lesion, and the lateral deviation of the eyes, 
usually to the healthy side, must be regarded as *’ forced positions,” 
not as pressure effects. 

Signs common to cerebellar abscess and labyrinthitis. 

Nystagmus, vertigo, pointing errors, and falling occur in most cases 
of cerebellar abscess, and in all cases of suppurative labyrinthitis. It 
would be dangerous as well as inaccurate to express a rigid opinion on 
these points, but we may say that there are some broad distinctions 
between these signs as produced by the two conditions : 

(1) In labyrinthitis, vertigo is more noticeable than motor abnor- 
malities of equilibrium. In cerebellar abscess, the opposite is true. Also 
reeling and staggering (Romberg’s sign) are more marked, and last 
longer in cerebellar coses. 

(2) In labyrinthitis, the irritative stage is very short; in cerebellar 
abscess, the irritative signs are more noticeable than the compensatory. 

(3) In labyrinthitis, the signs follow a course of orderly violence, 
progressing rapidly until destruction is complete, remaining for a time 
at a maximum and then gradually diminishing. In cerebellar abscess, 
the signs increase as the disease advances, but they increase unevenly 
with remissions ami exacerbations. 

When labyrinthitis produces a cerebellar abscess, destruction of the 
labyrinth precedes abscess formation. In the c;ws where labyrinth 
destruction and posterior fix-vsa infection advance pari jkissu, meningitis, 
not ahsce.v*, is the result. 

The principal points of difference between the two conditions arc 
summarised in the following table : 
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DIFFERENTIAL DIAGNOSIS BETWEEN LABYRINTHITIS AND 
CEREBELLAR ABSCESS 



Points to be considered. 

Cerebellar abscess. 

Labyrinthitis. 

(A) 

Spontaneous nj stagmus 

Coarse. 

Fine. 


1- Direction 

Horizontal, vertical, 
rotatory, diagonal. 

Nearly always horizontal, 
rotatory. 


2. Quiet orslow comjxments 

Not easily distinguishable. 

Easily distinguished. 


3. Relation to falling and 
past- pointing 

Independent 

Always in opposite direction. 


I Destruction of labyrinth 

Increases nystagmus. 

Nystagmus gradually passes 
off. 


5. Remarks 

Remains at a maximum or 
increases. 

In labyrinthitis serosa, 
change of position of the 
head alters position of 
nystagmus. 

(M 

Past-pointing . 

Unilateral, on affected side. 

Bilateral. 



Independent of nystagmus. 

Always opposed to nystag- 
mus. 



If present without nystag- 
tnua, a proof of cerebellar 
lesion. 

Never present without 
nystagmus. 



Looting. 

Quickly disappears when the 
labyrinth is destroyed. 

Not always evident in 
labyrinthine irritation. 

M 

Falling . 

Independent of the position ! 
of the head and the direc- I 
tion of nystagmus. 

Depends on the position of 
the head and nystagmus 
(opposite to the direction 
of nystagmus). 


1 

Permanent. 

Soon disappears after 

destruction ol the laby- 

(<0 

Deviation of gait 

. Independent of tho nystag. 

Always opposed to the 
nystagmns. 

M 

Turning to the side . 

■ Difficulty in turning to- 
wards the affected side. 

Turning to either side usually 


treatment 

The treatment of brain abscess is operative, and no case of brain 
abscess is inoperable until tho patient is dead. Operations for brain 
abscess have been carried out with the patient under artificial respira- 
tion throughout the operation, and the patient has recovered. 
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The decision as to the best time to operate is discussed on page 4079. 
The method must suit the individual case, but we can accept some general 
principles : 

(1) It is generally agreed that the causal focus of sepsis in the ear 
must be extirpated. This does not mean that a radical operation is 
always necessary. The extent of operation on the ear should be suited 
to the extent of sepsis and destruction of the ear. 

(2) At this stage of operation the dura of the suspected region 
should be freely exposed. 

(3) When there is an abscess of old standing (months or years) 
with a sinus, it is probable that the capsule will be dense and tough, 
that the abscess will be loculated, and that no ordinary drainage 
operation will suffice. The abscess may be emptied, but the capsule 
remains and fills up again. In such a case, the abscess should be treated 
as a tumour, and dissected out through a separate opening over an 
uninfected area of the brain. 

(4) When a recent area of pachymeningitis or of adhesion between 
dura and piaracluioid is found in the region exposed by extension of the 
mastoid wound, it may be taken for granted that infection has passed 
through that area, and it is through that area that the abscess should 
be sought. 

(o) If no such area is found, the brain should be explored through a 
separate opening made with the drill in a clear area. This especially 
applies to the cerebrum. In the cerebellum it is probably better to 
enlarge the original bone breach. Exploration should be carried out 
with a graduated brain-exploring needle. Sharp-pointed instruments 
should be avoided. Exploration with the finger-tip should be left for 
the very few who can do it safely ; most of us cannot. 

(0) For superficial abscess use free exposure, free incision, and open 
drainage ; for deep abscess, closed drainage. The method is that sug- 
gested by Cairns, whereby a small incision is made in the dura, and a 
Jacques So. 10 catheter is pushed in to the depth marked on the 
exploring needle. A variant of this method lud been practised by 
Lemaitre. He starts with a tube the size of a So. 1 catheter, and 
every other day passes in one a size larger. The dbud vantage of this 
method is that it entails frequent disturbance of the region. 

(7) Dre-v-ings should be as few as possible, ami the tube should not 
be disturbed. Fost-oporative t edema of the brain is common, but it is 
generally agreed tlut we should refrain from farther operation. Lumbar 
puncture is helpful and justifiable. 
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Some Special Points 

(1) Osteoplastic flaps are not very successful in the treatment of 
brain abscess. 

(2) In cerebellar abscess the most common track of invasion is 
internal to the lateral sinus. If there is real difficulty in obtaining 
adequate draina ge here, it is quite justifiable to obliterate the lateral 
sinus, preferably by plugging it with muscle above and below, and 
carrying the incision through it. Where the sinus is already thrombosed 
this should always be done. 

(3) The Doyen perforator and burr is a safer and more serviceable 
instrument than the trephine. 

(4) Immobilising the dressing and drainage-tube by starch bandages 
(Cairns) has proved valuable. 

(5) Hernia cerebri is a reaction against infection. The less we damage 
the brain, the less we risk secondary infection by meddlesome dressings 
and “ hunting for pockets ”, and the smaller our dural incision in deep 
abscess the smaller is our risk of hernia cerebri. 

THE OPERATIVE TREATMENT OF FACIAL PARALYSIS 
(see also page 3745) 

Until a few years ago facial paralysis, whether caused by Bell’s 
palsy, suppuration, or injury at operation, could be treated only by 
transplanting operations. In these operations the peripheral end of 
the facial nerve was united to one of the available cranial nerves. The 
nerves chosen were the spinal accessor}-, the hypoglossal, the glosso- 
pharyngeal and the descendeus noni. The anastomoses were never 
entirely satisfactory. If the spinal accessory or the hypoglossal was 
used, there was some paralysis of the region supplied by the “ trunk ” 
nerve, such as dropped shoulder or wasting of the tongue, and associated 
movements from the innervation field of the “ trunk ” nerve, which were 
always unsightly and often distressing; for example, in a case where a 
successful facio-hypoglossal anastomosis had been made, every move- 
ment of swallowing caused “ a ripple of muscular contraction which 
spread over the face (Ballauce). Also, all expressions of emotion, the 

automatic-associated actions of the facial nerve itself, are irregular 
and exaggerated. If the glosso-pharyngeal nerve is used for the anasto- 
mosis. there are no associated movements from the trunk nerve, the 
symmetry of the face when at rest is restored, and some isolated move- 
ments are recovered, hut there is no return of the movements of 
emotional expression. 
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During tlic last four years, Ballauce and Duel have shown that it is 
possible to repair the facial nerve in the Fallopian canal by grafting 
and suturing when the nerve is divided, or, if the nerve is not divided, 
as in Bell’s palsy, to restore function by decompression. In many 
operation injuries, decompression is the only tiling needed, as the nerve 
is not actually divided, but only compressed by a fracture of the wall of 
the canal. 

The method is as follows : 

(1) A radical mastoid operation is performed, with free removal 
of the bony wall and floor of the meatus. 

(2) The dissection is carried down into the neck, and the nerve 
is identified at the stylo-mastoid foramen. 

(3) The facial canal is opened from the foramen to the bend between 
the oval window and the prominent bulge of the external semicircular 
canal. 

(4) The sheath of the nerve is freed at the stylo-mastoid foramen and 
slit up for the length of the exposure. In cases of Bell’s palsy and in 
operative injuries where the damage is slight, nothing more need be 
done. 

(5) If the nerve is severely damaged, the injured part is excised by 
two clean cuts of a cataract knife, and the graft is laid in the canal 
and secured by a thread stitch. 

(0) The graft is then covered by a layer of gold leaf or platinum foil. 

The graft. The nerve now chosen is the external cutaneous nerve 
of the thigh. It seems best to divide the nerve and allow it to undergo 
complete Wallerian degeneration before using it as a graft. This means 
an interval of three weeks. A graft from another subject (heteroplastic 
graft) can be used successfully if the donor and the patient are of the 
same blood group. 

An important point is that the gap to be sutured is usually much 
larger than would be expected ; the average length of the graft needed 
in operative repair is about 20 mm. It is important that the graft, 
once inserted, should be as little disturbed as possible. 

Indications. This operation should replace anastomosis with pori- 
pheral nerves except in those cases where the central end of the nerve 
cannot be reached, such as fractures of the petrous bone or tuberculous 
osteitis. Sepsis is not a contra-indication. Duel believes that where 
facial jura lysis follows operative accidents or suppuration, ex|>o*ure 
and grafting should be done without delay. In cases of Bell's pa!>y, 
a period of several months without improvement is a justifiable indica- 
tion. If a successful graft is nude, the possibility of curing the paralysis 
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seems to depend not on the length of time which has elapsed since 
the injury, or on the length of the gap which must be bridged, but on 
the condition of the muscles. In one case of twenty years’ standing 
with advanced muscular atrophy there was still a slight response to the 
galvanic current, and a grafting operation improved the patient’s 
condition so far that he could shut the eye, and sleep with the eye shut. 
If there is no response to the galvanic current, it is probably useless to 
attempt to restore function by a graft. 
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A r osal Snares 

Of the multitudinous varieties obtainable the Glegg snare is, in the opinion of 
the writer, easily the best (see fig 2536). The chief of its many advantages are : 

(1) The case and rapidity with which it can be threaded with wire. 

(2) The adjustability of the size of the loop after the wire has been inserted. 

(3) The roundi d stop ” at the distal end w hich prevents the wire loop from 
being drawn into the barrel of the snare. 

(i) Tile t*v client \isibility obtainable owing to the fact that the fingers are 
kept u 1 11 out of the line of vision. 

Antral lmhununh 

The antral trucai and cannula may be straight or curved according to the 
predilection of the operator Of the straight variety the Licbwitz (or some modi- 
fication theicof) is the best known model ; in Wharry’s instrument a small raised 
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CHAPTER I 
A RM AMENTARIUM 

It has been stated that every rhinologist of repute lias devised an 
operation, whilst the others have contented themselves with inventing 
some special instrument. In consequence, the number of rhinological 
instruments is legion, a fact to which testimony is borne by the cata- 
logues of instrument makers and the stagnant masses of tools which 
encumber the instrument cupboards of nearly all hospitals. In these 
circumstances the writer will here designate merely the essential 
instruments, but in the description of various operations mention will 
be made of such instruments as have been specially devised therefor. 

Nasal Sjxcula. 

For ordinary nasal examination Thudichum’s specula have long been favoured 
by rhinologists. Those of the old pattern have rather a tendency to slip 
out of the nostril when widely opened, but in the improved model made by 
Mayer and Phelps (see fig. 2529) this tendency is obviated by the set of the spring, 
which causes the blades to throw outwards as the speculum opens. Should it be 
desired to bring the outer wall or the deeper parts of the nose into view, a long- 
bladed bivalve speculum such as Killian's or Kramer’s (see fig 2530) is most 
suitable ; whilst in these days of the ubiquitous electric auriscope a familiar 
model is the scrcw-action speculum of Duplay. 

In the operation for cautery of the nasal mucous membrane the use of a metal- 
VAadvd spmduvn has obvious disadvantages, and V atscm-Wittiams has designed a 
speculum with one blade of ivory and the other of wire. The blades arc interchange- 
able so that either side of the nasal canty may be protected at will (sec fig. 2531). 

Nasal Dressing Forceps, 

These are so numerous and well known as to require no special description. 

Nasal Punch Forceps. 

Such instruments abound in innumerable varieties. The essential ones are 
those of Luc, Grunwald (see fig. 2532), and Hartmann, whilst for cutting m a 
forward or backward direction either Ostrum’s or Wag cult's forceps (sec figs. 2533 
and 253 f) are required. The Chiron universal forceps arc so designed that all forms 
of punch blades for intra-nasal use can be adapted to the handle (see fig 2535). 

.Vasal Scissors. 

Some form of angled sciv-ors is necessary for work upon the turbinate twins, 
and serration of the blades will tend to present them from slipping when in um*. 
In certain types the blades are also angled to the right or left m order to foulitate 
manipulation in one or other nasal cavity. 

4C91 
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A'asal Snares. . . 

Of the multitudinous varieties obtainable the Glegg snare is, m the opinion of 
the writer, easily the best (see fig. 2536). The chief of its many advantages are : 
(1) The case and rapidity with which it can be threaded with wire. 

(->) The adjustabihty of the size of the loop after the wire has been inserted. 

(3) The rounded " stop ” at the distal end which prerents the wire loop from 
being drawn into the barrel of the snare. 

(4) The excellent visibility obtainable owing to the fact that the fingers are 
kept well out of the lme of vision. 

Jjifral Instruments. 

The antral trocar and cannula may he straight or curved according to the 
predilection of the operator. Of the straight variety the Lichwitz (or some modi- 
fication thereof) is the best known model ; in AVbarry’s instrument a small raised 
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ring placed half an inch from the distal end of the cannula prevents the possi- 
bility of penetration of the orbital floor during puncture of the antrum. Of the 
curved cannula the Myles type is the most popular. The writer has always had 
his cannulas made of such calibre that an ordinary 10 cc. Record syringe fits 
snugly into the distal end, and has found this to be a great convenience. 

For operations on the maxillary antrum many types of punch forceps have been 
devised ; in addition to these the operator will require such instruments as Myles' 
retrograde chisel and trocar (see fig. 2537) or Tilley’s harpoon and burr. The special 
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instr umen ts to be used for exploration of or operation on the ethmoiib, sphenoidal 
sinuses and frontal sinuses, will be enumerated when the various operations are 
described ; a similar procedure will be followed in the case of the operation of 
submucous resection of the nasal septum. It seems strange that, notwithstanding 
this galaxy of instruments specially designed for work in and about the nose, one 



sometimes makes use of yjme instrument which has a totally different primary 
purpose : for example an ordinary hernia director may be employed for the removal 
of a foreign body from the nose and a large aural speculum prorides an excellent 
view of the cavity of the maxillary antrum during the performance of the Caldwell- 
Luc operation 
III mm ml, on 

For thp examination of the nasal cavities it is essential to employ some form of 
artificial light and for ordinary purposes an adjustable standard lamp is used, con- 
taining a frosted globe of 100 candle-power, in front of which a bull’s-eye condenser 
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an ordinary “clip” clothes-peg which has been sterilised by boiling, and then 
attached to the edge of the mirror. 

At the present day electric headlamps of one form or another are widely 
employed for purposes of both examination and operation ; these may be of the 
Clar type, in which the light from an incorporated electric lamp is reflected from a 
head mirror, or of the ordinary variety such as the Jenkins forehead lamp. The 
Cameron lamp is an excellent model, as it can be worn with comfort for a long 
period, and provides moat efficient illumination. Such bmps may be worked from 
a dry cell, an accumulator, or (by means of a suitable resistance) from the ordinary 
house current. If one makes use of this type of illu mina tion it is wise to carry 
spare bulbs and cells, as the bttcr have an annoying habit of r unnin g down at 
critical moments. 

Anw&lhcsia. 

Local anaesthesia is entirely adequate for all minor operations in the nose, 
whilst American and Continental rhinologists use it as the method of choice 
for even the major measures. In this country many operators employ general 
anesthesia after a preliminary packing of the nose with cocaine and adrenalin 
or some similar agent, but our tendency is undoubtedly towards the greater 
use of local anaesthesia alone. A conunittcc appointed some years ago in America 
under the chairmanship of Emil Mayer found that with local anaesthesia there 
was less haemorrhage, far greater safety when operating in the vicinity of the 
cribriform plate, and that the danger of toxicity due to the local an.csthetic 
compared favourably with the dangers resultant from the administration of 
general anaesthesia. It is, however, true that the modem intra-tracheal methods 
of inducing general anaesthesia have removed many of these dangers, and have 
greatly simplified the performance of intra-nasal ojwrations ; the naso-pharyux 
and pharynx can be securely plugged with gauze to prevent blood or infected 
secretions reaching the trachea or oesophagus, whilst the operator is no longer 
hampered by the presence of the ana-sthetist’s paraphernalia. The use of such 
anaesthetics as avertin, nembutal, evipan and pcntothal after preliminary local 
an.esthesia is also of great value, especially in the shorter operations. Cocaine 
h undoubtedly the local anu-sthetic par czcdlcnee for intra-nasal operations, 
and may be Used alone or m conjunction with adrenalin chloride. It gives excellent 
anaesthesia of the mucous membranes, but unfortunately many ca-.es of severe or 
even fatal poisoning hax c been recorded after the use of cocaine, and some patients 
appear to bo peculiarly susceptible to this drug. Children and old people, as a rule, 
tolerate it badly, and it must here always l>e used with the greatest caution. It is 
probable that in many ium;s the poisoning is due to the absorption of cocauie 
which lias been swallowed rather than to absorption from the nasal mucous 
membranes, hence it is most imjxjrtant that pledgets of cotton wool or gauze 
strips which have been impregnated with the solution should be will squeezed out 
Ijeforv application. This tendency to toxic absorption is greatly diminished if 
adrenalin lie added to the cocaine prior to its application. The usual procedure 
is to ux* equal parts of 1 m |UuO adrenalin chloride ami of the appropriate coraini 
solution. 

For the purp»w of intra-nasal examination a 5 p>r cent solution of rocxine 
is sufficient. but for oj»-rations a 10 to ‘JO j* r cent solution is gen* rally c mploycd. 
It is >anl that the addition of a little putavtum sulphate to a 5 js-r cent solution 
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of cocaine will tender it almost as potent as an ordinary 10 per cent solution 
from an anaesthetic point of view. Solutions of cocaine do not keep very well, 
and fungoid growths are apt to form in them ; this formation may he delayed 
by the addition of half a grain of salicylic acid to each ounce of the solution. 
Many rhmologists prefer to keep their cocaine in the form of 5-grain tablets, and 
to prepare a fresh 10 per cent solution by dissolving one of these in fifty drops of 
water 

Application of Cocaine. 

For the minor surgical procedures, 6uch as the use of the electric cautery, it 
will suffice to insert a pledget of cotton wool which has been impregnated with the 
cocaine and adrenalin solution and then well squeezed out, and to apply it to the 
surface which is to be operated upon The pledget should be left in position for 
ten minutes and then withdrawn ; if the nasal mucous membrane be so swollen 
as to obstruct the insertion of the pledget, a spray of 1 0 per cent cocaine may be used 
as a preli min ary measure. For the more extensive operations in the nose it is 
necessary to apply the cocaine solution for a greater length of time. Superficial 
anesthesia is first induced by spraying the nasal mucous membrane with a 10 per 
cent solution of cocaine, the nose then being carefully packed with gauze strips 
which have been wrung out m the cocaine and adrenalin solution. These strips 
should be left m position for at least half an hour. Many surgeons use Sluder’s 
method of nene blocking to induce anasthesia in the nose. A single crystal of 
cocaine or a drop of a saturated solution is applied to a spot beneath the posterior 
end of the middle turbmal, and another drop high up on the anterior pait of the 
septum By this means one is able to produce anesthesia of the areas supplied 
by the sphcno-palatme ganglion and the internal nasal nerve. 

Cocaine Poisoning 

Reference has already been made to the very real danger of cocaine poisoning, 
and toxic effects may ensue in spite of all precautions having been taken. In the 
milder stages there may be merely excitability and restlessness, but in severe cases 
the patient complains of faintness, tingling of the extremities, and a feeling of 
precordial discomfort ; the face becomes pale, beads of perspiration appear, the 
pulse becomes thin and rapid, and the pupils markedly dilated. In the worst 
cases these symptoms pass on to convulsions, cyanosis, delirium, and even to death. 

Treatment. 

If an idiosyncrasy to cocaine poisoning is known to exist one should take 
appropriate prophj lactic measures, and a prekniinary stimulant may be given* 
Adrenalin should be added to the cocaine solution, and the total amount of cocaine 
used must be strictly limited. A close watch must be kept on the patient, and at 
the first sign of untoward symptoms the packing must be removed from the 
nose. Sal volatile or brandy should be administered, and black coffee to which 
brandy has been added will prov e to be a valuable restorative. In the very severe 
cases the subcutaneous injection of strychnine or the intravenous administration of 
phenobarbetal has proved of gieat value. 

Cocaine Substitutes. 

It is natural that rliinologists have for many years attempted to find a drug 
which will combine the anaesthetic properties of cocaine and a very low degree of 
toxicity ; unfortunately they have so far failed in their quest. Of the various 
substances suggested as substitutes those most frequently used aie beta-eucaine. 



NOSE 


4G97 


stovaine, procaine, percaine, and novocaine. The latter has but a poor anas>thetic 
effect when used as a surface application to the mucous membranes, but it gives 
excellent results when injected submucously. Eucaine is probably the most 
efficient substitute, and may be employed in patients who show marked suscepti* 
bility to cocaine. Its action is slower but more prolonged, but the anaesthesia 
obtained is less complete, and the degree of vasoconstriction is slight. It may be 
used either as a surface application or as an infiltration anaesthetic. 

I have lately employed a solution prepared by Allen and Hanburys which 
was originally intended as an anasthetic for rectal surgery. This consists of 
procaine 2 per cent, and butyl para-amino-benzoate a per cent in ethylene glycol, 
and has proved efficacious in such operations as cauterisation of the nasal mucous 
membrane, removal of polypi, and antral puncture. It may also be used for sub- 
mucous injection, and up to the present no appreciable toxic effects have been 
detected. 

One may here emphasise the importance of preliminary local anxsthetisation 
even where the patient is to have a general anaesthetic ; at the time of operation 
there will be considerably less bleeding, whilst the field of view will he infinitely 
improved. It is not out of place, however, to utter a word of warning with respect 
to the use of adrenalin. This drug when mixed with cocaine for nasal work 
increases the anaesthetic power of the solution, diminishes the risk of toxic absorp- 
tion, and by producing ischjcmia and contraction of the mucous membranes 
enables a better view of the field of operation to be obtained. The disadvantages 
arc that : 

(1) Reactionary vasodilatation may lead to violent and serious lucmorThage 
shortly after the completion of the operation. 

(2) Symptoms of acute rhinitis may ensue and persist for one or two days. 

(3) Prolonged application of adrenalin may lead to the appearance of a 
troublesome form of membranous rhinitis 

{ 4 ) Whin adrenalin is injected submucously in association, for example, with 
novocaine it may cause an alarming sensation of palpitation and oppression 

(5) The injection of adrenalin submucously when the patient is under the 
intlueme of chloroform general anaesthesia may lie followed by instant 
awA cavayAvte, tottap&e, several fatalities having been report eii wi with 
circumstances. 

The importance of effective amrsthetisation for intra-nasal work cannot Ik* 
too strongly stressed. It has been said that with good illumination and good 
anaesthesia even a mediocre surgeon can obtain excellent results. 

oenekal hum auks on intra-nasal operations 

Pre-oj/cralht' Measures. It is impossible to render the field of 
operation aseptic, for any antiseptic which would sterilise the mucous 
membrane would at the same time cause serious damage. It is. how- 
ever. possible to wash away any profuse nasal discharge with a mild 
antwptir lotion, to cut off projecting vestibular hairs, and to paint 
the anterior nasal apertures with iodine. Fortunately the normal 
mucous membrane of the nose apjKurs to Ik* highly resistant to 
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infection, and such operations as submucous resection of the septum 

nasi are but rarely followed by local sepsis. 

Aftcr-Trealinent. If possible, this should be conspicuous by its 
absence. Unless complications arise, the less the nasal cavities have to 
be interfered with during the post-operative period the better. The 
complications which most frequently occur are : 

(1) Haemorrhage. 

(2) Formation of adhesions in the nose. 

(3) Local sepsis. 

(4) Infection of the lower air-passages. 

Uamorrhage. 

This may he very troublesome at the time of operation, but if the 
nose has been carefully anaesthetised beforehand the amount of bleed- 
ing is usually minimal. Many observers state that the tendency to 
hemorrhage is increased with menstruation, but the writer has not 
found this to be the case. .Vs mentioned above, reactionary bleeding 
may follow the use of adrenalin, whilst severe secondary haemorrhage 
occurring some days after operation may be most alarming. The 
appropriate measures for the control of bleeding from the nose will he 
discussed in a later chapter ; broadly speaking, it may be said that one 
should endeavour to avoid packing the nose after operation, especially 
if pus is present, as prolonged packing tends to promote sepsis, 
prevent drainage, and interfere with repair of the tissues. 

Adhesions. 

Adhesions will occur only if opposing mucous surfaces have been 
injured ; good illumination, efficient ana’sthetisation, and careful 
operating are therefore the most important preventive measures. 
After any nasal operation the patient should be seen within forty-eight 
hours, commencing adhesions should be gently broken down with a 
flat elevator, and a small rubber strip should be inserted between the 
raw surfaces and changed daily until healing has occurred. In cases 
where there is excessive reactionary swelling of the mucous membrane 
after operation the likelihood of the formation of adhesions may be 
decreased by puffing a spray of 5 per cent cocaine and adrenalin 3-4 
times daily. If an adhesion forms later it is wise to wait until the fleshy 
bridge becomes less vascular, when it may be divided by the electric 
cautery or a diathermy knife. 

Local Sepsis. 

After intra-nasal operations it is impossible to apply all tiro prin- 
ciples for the prevention of sepsis nlrich are appUcable in the case of 
ordinary external operations. One cannot dress the wound and thus 
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protect it from the invasion of micro-organisms, but an attempt must 
be made to maintain natural drainage. Hence it is important to 
avoid post-operative plugging of the nasal fossa, especially where there 
is pus in the nose prior to operation. The retention of the nasal dis- 
charges as a result of prolonged plugging is undoubtedly the main 
cause of septic troubles after operation. If there is excessive formation 
of mucus or of sloughs, a warm alkaline lotion may be employed as a 
cleansing agent, but great care must be exercised in its use, as forcible 
syringing of the nose may lead to acute infections of the Eustachian 
tube and middle ear. 

Infection of the Loiccr Air-passages. 

Such complications are less likely to occur if the operation be per- 
formed under local aiuesthcsia, for in this case the patient may him- 
self prevent blood and secretions from descending into the larynx 
and trachea. If, however, a general anaesthetic is administered special 
precautions must be taken to guard against the possibility of direct 
pulmonary infection. The use of an intra-tracheal tube enables the 
pharynx and naso-pharynx to be packed off securely, but if an ordinary 
inhalation anaesthetic is being administered two or more “ captive ” 
sponges can be inserted into the naso-pharynx to prevent blood, etc., 
from entering the pharynx and larynx. Some surgeons consider that 
they secure further protection by operating with the patient in the 
Trendelenburg position. 

A word of warning may here be given in connection with the use of 
intra-tracheal anaesthesia. A close watcli should be kept upon the 
respiratory rhythm, and if this becomes at all irregular the anaesthetist 
must make sure that the tube has not reached the tracheal bifurcation. 
I have seen three cases of complete collapse of the left lung in such 
circumstances, probably due to the fact that the tube had entered the 
right bronchus and thus occluded the opening of the left bronchus. 



CHAPTER II 

Injuries and Diseases of the External Nose 

Fractures of the nasal bones are of common occurrence, and motor- 
car accidents have in recent years been responsible for an increase in 
their frequency. When due to blows received in boxing, football, etc., 
the deformity is usually a lateral one, but in car accidents the nasal 
bones may be driven almost directly backwards, and tend to be 
impacted between the nasal processes of the superior maxilla?. In 
some instances the nasal processes of the superior maxilke may them- 
selves he depressed, whilst in the more serious cases there may be 
severe injury to the frontal bones, the bodies of the superior maxill®, 
and the cribriform plate. 

According to Mosher the usual sites of fracture of the nasal bones are : 

(1) At the attachment to the nasal processes of the superior 
n axilla?. 

(2) In the middle line, at the attachment to the septum and to the 
opposite nasal bone. 

13) At the junction with the nasal process of the frontal bone. 

Diagnosis. 

It is usually possible to make a diagnosis without the aid of skia- 
grams, but these are often of value in complicated fractures. In many 
cases there is a rotation displacement, and it is most important that 
this should be corrected (fig. 2538). 

Palpation may elicit the presence of crepitus, but one must be 
careful to distinguish between true bony crepitus and the air crepitus 
which is a frequent accompaniment of injuries to the nose. A careful 
examination through the nasal speculum should always be made, and 
a large aural speculum is often an excellent substitute fox the nasal 
speculum, especially in children who object to the pain caused by the 
pressure of the blades of the latter. 

Antcslhena. 

Reduction of the deformity may be effected by manipulation without anaes- 
thesia in the simpler cases, but it often pays to pack the nasal cavities with ft local 
anaesthetic for a short time beforehand. Infiltration anaesthesia is unwise in 
•1700 
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recent fractures on account of the excessive swelling which is usually present. 
If a general antithetic is to be administered, the use of gas alone is in most cases 
insufficient. 

Imim/iien/s. 

For the elevation and replacement of the fractured bones numerous instru- 
ments have been devised, and Asch's or Walsham’s forceps are of particular 
value. In an emergency, however, one may make use of ordinary artery forceps 
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with a piece of rtiblier tubing over the tnds, of the flat end of a tongue depn-vor, 
or of the flat handle of a nasal rasp. The displaced nasal 1 tones are elevated and 
any rotatiou corrected ; in many cases no splint will lie required, but if the dis- 
placement tends to recur, some form of internal or ext « malsplint must becmploycil. 
Manv forms of Mich splints have been devbcd, including the ordinary copjx r- 
mouldtd splints, WatMin-Williams* triangular splint, (Iilliis’ dmtal splint, and 
Walsham'* adjustable external «p!iut with headland. For the more extreme 
fracturrs. accoiujianicd by comminution and marked d« pr» s»iou of the bridge, 
Watkins* 'phut (fig. 2o3‘j) is of gnat Xalue. It is a mudmeatjon of Cart* r's splint. 
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and has the obvious advantage of not necessitating the perforation of the nasal 
soft tissues by silk threads. One limb of a metal U-shaped splint is inserted into 
each nostril, and anterior traction is applied by a silk thread tied to a notch on the 
outside hm b opposite the middle of the nasal bone. The rest of the splint consists 
of a hinged arch with rubber-covered bases which rest on the cheeks. A mast 
from a hinged forehead plate, which is held in place with adhesive strapping, can 
be adjusted to the apex of the arch with a screw. The silk threads from each of the 
U-sbaped splints are tied to one another over one of the notches on the mast, 
the notch being selected which will allow traction to be exactly at right angles to 
the nasal bones. After these threads have been tied, tension can be adjusted by a 
screw, which alters the angle between the limbs of the arch. When the splint 13 
m use nasal respiration is still possible. 

After-care is important, and a watchful look-out must be kept for any signs 
of slipping or displacement. 

Old Fractures icith Deformity. 

The correction of such deformities really come3 within the scope of 
cosmetic surgery, and as such is treated elsewhere, hut a few remarks 
will not here be out of place. In the first instance one may emphasise 
the frequent necessity for performing a submucous resection of the 
septum in addition to the appropriate plastic operation. The majority 
of these operations may be carried out under local infiltration 
anesthesia. 

For the correction of lateral deformities an incision is made inside 
the vestibule of the nose, the periosteum and the soft structures are 
elevated over the sides and dorsum, and the hones are re-fractured by 
means of a saw or chisel, and then moulded into the desired position. 
Some form of external splint is applied, a small rolled bandage held in 
place on each side of the nose being a simple and serviceable form of 
such splint. 

In the case of depressed fractures it is now usual to insert a graft 
prepared from a portion of rib cartilage. The injection of paraffin wax 
to correct this type of deformity has been abandoned. The insertion 
of the rib cartilage graft is a comparatively simple procedure, and 
gives excellent cosmetic results. The colnmellar incision advocated by 
Gillies enables one to prepare a bed for the graft by burrowing beneath 
the skin of the dorsum of the nose ; the graft, which is taken from the 
7th, 8th or 9th rib, is shaped so as to correct the depression, and is 
then pushed into position in its bed. The columellar, or “ elephant- 
trunk, strip is finally sutured, and leaves no visible scar. In per- 
forming this operation the beginner is apt to make two errors : in the 
first place, be tends to endeavour to insert too large a piece of cartilage ; 
secondly, he is liable to drop the graft upon the theatre floor when 
transferring it to the nose. I have on two occasions been guilty of this 
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crime, and now take the most stringent precautions to prevent a 
recurrence. 

In cases where the nasal tip is also depressed, use is made of ail 
angled cartilage graft, the shorter limb of which is kept in place by 
the columellar strip. 

Whilst discussing the question of cartilage grafts it may be well to 
mention the treatment of collapse of the a he nasi. This condition can 
be markedly alleviated by the use of Francis nasal props, which are 
invisible when in situ , but excellent results have also followed the 
insertion of small portions of auricular cartilage or of thin rib cartilage 
grafts. 

External Infections of the Xose. 

These should be treated with the greatest respect, as the danger of 
the supervention of septic thrombosis of the cavernous sinus is a very 
real one, and many deaths from this cause have been recorded. Bathing 
the part with hot lotion, or the application of compresses of a saturated 
solution of magnesium sulphate, may abort the process ; incisions 
should not be made unless pus is obviously present, and in no circum- 
stances should one endeavour to squec 2 e a boil on or about the nose. 
It is fortunate that after plastic operations upon the nose bad sepsis is 
seldom encountered, and even if sepsis does occur the cavernous sinus 
appears to be remarkably free from liability to infection. In cases 
where local suppuration does occur, aspiration with a needle will 
usually bring about a cure, but in some instances it may be necessjry 
to incise and drain the abscess-cavity. 



CHAPTER III 


Surgical Diseases of the Nasal Septum 


H.EJLATOMA OF THE SEPTUM 

It is probable that this condition occurs much more frequently than is 
generally recognised, and the writer has on several occasions found it 
present when patients have been sent up with a provisional diagnosis 
of polypus or septal deflection. Haematomata are usually the result of 
falls or blows on the nose, but they are also liable to follow the operation 
of submucous resection of the septum unless suitable measures are taken 
to prevent their occurrence. Septal hsmatomata cause marked nasal 
obstruction, and may be accompanied by a considerable degree of pain ; 
they are liable to become infected and thus lead to the formation of a 
septal abscess. In the treatment of haematomata cold evaporating 
lotions should be applied externally, and the nasal cavities sprayed with 
cocaine and adrenalin ; such measures may effect absorption, but where 
the swellmg is very large and tense it may be safer to incise it. 


AUSUESS of the septum 

The secondary infection of a haunatoma is the commonest cause of 
a septal abscess tat it may follow iutra-nasal operations upon infected 
sinuses where the mucous membrane of the septum has been injured. 
Cases ; of idiopathic origin have also been recorded as a secondary 
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Treatment. 

Once the condition has been diagnosed prompt treatment is essential. 
A horizontal incision is made at the lowest part of the swelling on both 
sides of the septum, and any loose fragments of cartilage are removed. 
After-treatment is important, and consists in passing a probe into the 
lips of the incisions to ensure that there is no re-accumulation of pus. 

Prognosis should always be guarded, as unfortunate sequelae may 
result despite prompt surgical intervention. Necrosis of the septal 
cartilage is of relatively common occurrence, and may be followed by 
a permanent perforation of the septum. Later, a marked external 
depression of the bridge or tip of the nose may appear, and in children 
the development of the nose is sometimes seriously interfered with. 

DEFORMITIES OF THE SEPTUM 

It must be remembered that some degree of septal deformity 
is the rule rather than the exception amongst the civilised peoples, but 
in only a small proportion of cases does the deformity cause symptoms 
sufficient to require correction. Someone has stated that “ it is a poor 
nose that isn’t worth a fiver,” and many a septum has undoubtedly 
been attacked where the justification has been anatomical rather than 
clinical. 

Morcll Mackenzie, in an examination of the skulls in the Museum of 
the Royal College of Surgeons, found that 1G57 out of 2152 (nearly 
77 per cent) showed some degree of deformity of the bony septum, and 
Zuckerkandl and other observers have confirmed his findings. That 
the deformity should be so common is amazing, and the ictiology of 
tlie condition is of great interest. It is certainly much more frequently 
found in civilised than in savage peoples, a fact which seems to indicate 
that traumatism cannot be the main predisposing cause. It has been 
noted that deflections of the nasal septum are almost invariably accom- 
panied by high arching of the palate, which, in its turn, is nearly always 
due to the presence in childhood of some form of nasal obstruction. 
The septum is situated between two unyielding structures, the base of 
the skull above, and the palatal bones Wow, and if the vertical depth 
of the nasal cavity be diminished owing to the presence of a high- 
arched palate it is evident that the septum must develop a deviation to 
one or other side during its growth. Now in children the most frequent 
cause of ius.il obstruction is the presence of adenoids, and it is therefore 
probable that the main jetiological factor in the carnation of deformities 
of the septum is the failure to deal with the obstructive adenoid pad 
during the period of skeletal growth. In these circumstances the early 
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relief of any cause of nasal obstruction in a child is obviously of the 
utmost importance. 

Symptoms of Septal Deformities. 

The great majority of deformities of the nasal septum produce no 
ill-effects, but in some cases they may cause troublesome or even serious 
symptoms. The patient usually complains of some degree of nasal 
obstruction, and of the symptoms which follow such obstruction. These 
latter are. in short, chronic rhinitis, pharyngitis, laryngitis, tracheitis, 
headache, aprosexia. and loss of nasal resonance with alteration of the 
timbre of the voice. There are. however, other symptoms which depend 
upon the abnormality itself : the chief of these are : 

(1) External deformities of the nose. 

(2) Obstinate headache and neuralgic pain. This may be due 
to direct pressure of a turbinal against the deviated septum, or 
to interference with the proper aeration of one of the acces- 
sory sinuses, especially the fronto-ethmoidal. The so-called 
*• vacuum ** headache is a good example of this. 

(3) Hay fever, asthma, and paroxysmal sneezing which, in certain 
cases, appear to be caused by such deformities as septal spurs. 

(4) Epistaxis. The bleeding is secondary to the formation and 
separation of crusts, and may occur on an anterior couvexity 
or in the pocket of a deep depression on the concave side. 

(5) Mechanical obstruction of one or more of the openings of the 
paranasal sinuses. 

The association of chronic otitis media with deviations of the septum 
should not be forgotten. This is a result of the chronic rhinitis which is 
frequently present, and is probably due to the persistent hyperjemia 
of the nasal mucous membrane which occurs behind the obstructed 
part. This in turn leads to a chronic inflammation of the lining of the 
Eustachian tubes and the middle ears. 

Diagnosis. 

This should not be difficult if the nose is care frilly examined with 
a probe after cocainisation. Where the deviation results in one side of 
the nose being much more roomy than the other it is usually to be noted 
that the inferior turbinal on that side is greatly hypertrophied ; in such 
cases it is obvious that treatment of the enlarged turbinal alone will 
be ineffecth e. 

Treatment. 

As has been stated above, the majority of septal deformities require 
no operative attention, but active treatment is called for when the 
following conditions are present : 
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(1) Marked nasal obstruction associated with such symptoms 
as chronic otitis media, chronic rhinitis, pharyngitis, laryngitis or 
bronchitis, especially if the patient be liable to repeated acute 
attacks of these conditions. In those cases where unilateral 
atrophic rhinitis is present on the roomy side of the nose a sub- 
mucous rejection may cure the disease by equalising the airway 
through both nostrils. 

(2) External nasal disfigurement, where this is due to the devia- 
tion of the cartilaginous part of the septum. 

(3) Nasal neuroses such as hay fever, asthma, or paroxysmal 
sneezing, where no other predisposing cause is discovered, and 
where the condition is obviously aggravated by the deviation. 

(4) Those cases where the deflected portion of the septum inter- 
feres with other intra-nasal treatment, such as the removal of polypi, 
the passage of a Eustachian catheter, or the exploration and treat- 
ment of an accessory nasal sinus. 

(3) Epistaxis originating in the depths of a small pocket, or 
from a widespread area of mucous membrane which does not 
respond to repeated cauterisation. 

0 ]>cralive Technique. 

Submucous resection of the septum lias now entirely replaced all 
other methods devised for the correction of septal deformities, and for 
this method of removing the obstruction without sacrifice of the 
mucous membrane we are chiefly indebted to the pioneer work of 
Killian. Freer. Ballenger and other surgeons have suggested technical 
improvements, but the principles propounded by Killian remain 
unchanged. 

In the majority of cases it is preferable to operate under local 
amesthesia alone, but for very nervous patients a general anaesthetic is 
advisable, ami this is esjieciaJly the case where the posterior part of 
the bony septum has to be dealt with. Even when a general anesthetic 
is to Ik* administered it is essential to effect preliminary local anaesthesia ; 
by such means the surgeon will obtain better visibility, and hamorrhage 
during the o{K v ration will be markedly diminished. Local an.cstlie-ia is 
induced in the manner already described, although some ojierators do 
not use the method of packing the no-e, but rub over the whole mucous 
membrane with tot ton-wool applicator* impregnated with equal jxurts 
of stronger solutions of cocaine ami ! in 1000 adrenalin. The full 
ana’sthetie e!lt< t of cocaine is not obtained in less than 10 to 13 minutes ; 
at the end of this time the packing (if Used) i-* removed, and a sub- 
mucous injection of I per cent procaine, or equal jurts of 2 j>er cent 
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novocaine and 1 in 5000 adrenalin, is made in the area of the proposed 
incision. It is, as stated above, impossible to effect sterilisation of the 
field of operation, but some operators paint the nostrils, nose and bps 
with iodine before commencing the operation, and cover the patient’s 
face with a sterile gauze mask containing an opening for the nose. The 
patient’s head and shoulders are raised, a manoeuvre which facilitates 
manipulation in the nose, and also tends to diminis h intra-nasal con- 
gestion and consequent bleeding. If bleeding is likely to occur small 
cotton-wool swabs may be used, but a better method is to employ a 
suitable suction apparatus. Efficient illumination is a sine qua non ; 
reflected light from a head mirror is most satisfactory for this operation, 
or an electric headlamp may be worn. The nostril on the side of the 
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elevator is then inserted between the muco-perichondrium and the 
cartilage, and the muco-pcrichomlrium is carefully “ lifted ” off the 
cartilage over the whole extent of the cartilaginous deviation. This is 
accomplished by sweeping the elevator firmly upwards and downwards 
as well as backwards, care being taken to ensure that the elevator is 
kept in close and firm contact with the cartilage. It is of the utmost 
importance that the separation should be between the cartilage and the 
muco-perichondrium or great difficulty will be encountered in avoiding 
lacerations when raising the mucous membrane ; moreover, if the muco- 
perichondrium is left attached to the cartilage, the resulting mem- 
branous septum will be weak, and apt to flap with nasal respiration. 

The next step consists in cutting through the cartilage in the line 
of the original incision, care being taken to avoid penetrating the muco- 
perichondriuin of the opposite, or concave, side. A finger placed 
against the mucous membrane of the concave side will help to guard 
against this danger, and the knife is held at an angle as if to “ lift ” 
the cartilage away from its covering mucous membrane. It has been 
suggested by Watson- Williams that a small incision be made on the 
concave side well in front of the site selected for the incision on 
the convex side, and the muco-perichondrium so elevated that when the 
knife cuts through the cartilage it does not cause a perforation, but 
merely pushes the loosely detached membrane before it. Once the 
cartilage has been divided, a suitable elevator is passed through the 
incision and introduced between the cartilage and the muco-perichon- 
drium of the concave side (fig. 2541). The separation is then carried 
out as on the convex side, but it must be remembered that the mucous 
membrane covering the concavity is often thin and friable, and may 
be so adherent as to render its separation extremely difficult. It is at 
tins stage that perforation is apt to occur, and great care must be taken 
to obviate this. The use of a sharp-edged elevator will facilitate the 
dissection of the muco>a where it is particularly adherent to the car- 
tilage. In the more difficult cases the ojierator must exercise the greatest 
patience ; where it is impossible to see beyond the apex of the con- 
vexity he should first remove only a small anterior portion of the 
cartilage, and then under direct vision complete the elevation of the 
mucosa. \\ hen this elevation from the cartilage has been completed, a 
long-bhulcd Killian speculum is inserted between the elevated inuco- 
perichondrial layers in such a manner that the cartilage is included 
lietween the blades (fig. 2542). A Ballenger swivel knife (see fig. 2543) is 
then introduced near the upper end of the cut cartilage, and pushed 
upwunls and barkwards parallel to the tusal bridge until it reaches the 
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bony part of the septum. It is then pressed downwards until it comes 
into contact with the vomer, when it is pulled forwards in a direction 
parallel to the nasal spine of the superior maxilla. A roughly quad- 
rilateral segment of cartilage is thus detached, and is removed with 
Killian forceps. The resultant cavity between the flaps is mopped 
or sucked clear of blood, and the cut edge of the septum is carefully 
inspected. If, as is probable, it is seen that the deviation has not been 
entirely corrected, one must proceed to remove a portion of the bony 
septum as well as any remaining cartilaginous deflections. The affected 
area must be denuded of its muco-periosteum, for which purpose Freer’s 
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bent knife is very useful, and the bony septum is removed with punch 
forceps until the deviation has been corrected (fig. 2544). Cartilage 
attached to the vomer or to the maxillary spine may be cut away with a 
chisel, whilst the upper rim of the cartilage should have any remaining 
deflection nibbled away with punch forceps. It is frequently found that 
this upper rim bends strongly towards the side of the original con- 
vexity, and, if left, will prevent the membranous septum from hanging 
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down in the middle line. At the same time one must be careful to leave 
a sufficient strip of cartilage both superiorly and anteriorly to ensure 
support and prevent sinking-in of the nasal bridge or tip (fig. 2545). 
When removing the deviated portion of the perpendicular plate it is 
important to bite it away with punch forceps, and not to twist and 
break it, as the latter procedure is liable to cause injury to the cribriform 
plate. 

The operator will now find that he has to deal with the vomer and 
the maxillary spine. In the great majority of cases a pyramidal, or 
limpet-shaped, bony thickening is present at the ethmo-voinerine 
junction, and failure to remove this will militate against the success of 
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the operation from a clinical standpoint. The muco-periosteum must 
be carefully raised from the bony projection on all sides, and the 
“ pyramid ” is then twisted out by means of a pair of Killian forceps. 
The thickened maxillary spine must also be stripped by sharp dis- 
section, after which it is removed with a gouge or with Wood’s special 
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forceps (fig. 2340). During the removal of this spine the naso-palutinc 
artery is liable to be injured, which may cause very troublesome 
haemorrhage. 

The long*blnded speculum is then removed, the flaps arc allowed to 
fall together, and a careful examination is made to ensure that the 
nasal obstruction has been remedied ; it is particularly important to 
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make certain that no obstruction persists in the upper and middle 
jkUsNiges of the nose. The speculum is again inserted between the flaps, 
and any loose fragments of cartilage or bone are taken away with 
forceps. The flaps are then allowed to fall together, and packing is 
inserted into each nasal cavity to ensure that the raw surfaces of the 
flaps are kept in apposition in order to minimise the risk of formation 
of a ha-matoma. 1 use long strips of narrow ribbon gauze which are 
packed into two fingers cut from an ordinary robber glove. The 
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fingers are dipped in liquid paraffin, and their removal causes no 
pain or trauma ; after 24 hours the packing is withdrawn from the 
fingers, and these are then slid gently out of the nose. 

Some surgeons suture the original incision at the end of the opera- 
tion, whilst others claim that superior end-results are obtained if as 
much septal cartilage as possible is replaced between the muco- 
perichondrial flaps ; the writer has followed neither of these practices. 

Dislocation of the Anterior End of the Triangular Cartilage. 

This deformity is often found to be associated with a well-marked 
convexity of the main part of the septal cartilage to the opposite side ; 
consequently there is obstruction of one nostril anteriorly and of the 
other further back. In such cases it is essential to relieve both obstruc- 
tions, but an intervening column of cartilage must be preserved in 
order to obviate flattening of the nasal tip. The usual procedure is to 
deal with the posterior part in the manner described above, and then 
to remove the dislocated anterior portion. This is effected by making 
a vertical incision with a small tenotomy knife, separating the muco- 
perichondrium from the cartilage with a sharp Freer elevator, and 
removing the dislocated cartilage with scissors or a knife. It may here 
be of advantage to insert a suture in the cut edges of the mucous 
membrane (see fig. 2545). 

In those cases where the inferior turbinal on the concave side is 
markedly hypertrophied it may seem advisable to amputate its 
anterior end at the conclusion of the septal resection ; this procedure, 
however, greatly increases the liability to the formation of post- 
operative adhesions, and the general practice is to defer operation 
upon the turbinal until the muco-perichondrial septum is soundly 
healed. The anterior turbinal end may be amputated, or its turgcscence 
reduced by the application of the electric cautery. 

After-Treatment. 

The plugs are removed 24 hours after the operation, and in most cases no 
special after-treatment is required. Should there be excessive reactionary 
swelling, a spray of 5 per cent cocaine with adrenalin, or inhalations of Friar’s 
balsam with menthol, will give considerable relief. The patient should !>c warned 
that it will be at least three or four weeks before he feels the full benefit of the 
operation. 

Results of Operation. 

If the cases are properly selected the functional results arc usually 
excellent, but it must be borne in mind that in those cases which really 
require operation tile technical difficulties are considerable ; for* 
tunatcly the operator often finds that great relict is finally afiorded 
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when he has been rather disappointed with the anatomical appearance 
at the end of the operation. At other times the patient complains that 
his nose is “ as bad as ever,” and this is probably due to the persistence 
of a chronic rhinitis, though in many cases it is the result of the operator 
overlooking the presence of pre-existing collapse of the ahe nasi. 

Occasionally very unpleasant sequelae may supervene, the two 
main ones being haemorrhage and pyogenic infection. The hemorrhage 
can be most alarming, and if prolonged nasal plugging is required to 
promote its arrest septic complications are almost sure to follow. The 
writer remembers with good reason one such case where an acute pan- 
sinusitis and bilateral acute suppurative otitis occurred as a result of 
the treatment of intractable haemorrhage ; in tills patient a blood- 
transfusion fortunately gave magical relief, and within twenty-four 
hours the symptoms had almost completely disappeared. It is 
especially important not to perform the operation if the patient is 
suffering from influenza or an acute catarrhal infection, as numerous 
cases have been recorded of subsequent tonsillitis, acute otitis media, 
mastoiditis, scpticamiia, and even cavernous sinus thrombosis. 

Of the less serious after-results the most common is a septal per- 
foration, which as a rule causes no symptoms. If, however, the per- 
foration is large it may lead to the formation of dry crusts in the nose, 
whilst if it is small and situated in the anterior part of the septum it 
may produce an irritating whistling noise during respiration, and thus 
prove to he a distinct social drawback. 

The advisability of performing this operation upon young children 
must be considered, in view of the possibility of interference with 
the normal growth and development of the nose. Except in special 
cases, such as excessive external deformity, the writer makes a practice 
of postponing the operation until later adolescence is reached, but 
many surgeons, including Freer and Killian, maintain that the risk of 
inaldevelopment is a very small one. It should, however, be remem- 
bered that operation in a child's nose is not an easy matter, and if the 
deformity recurs subsequent ojKT.it ion is rendered doubly diflicnlt 
owing to the presence of scar tissue. The aitiological importance of 
adenoids as a factor in the production of septal deformities must not 
be forgotten, and a careful examination of the jHjst-nas.il space, if 
necessary under a general anesthetic, should never l>e omitted in cases 
of nasal obstruction in children. 

Perforations of the Septum. 

Perforations of the bony septum are usually due to syphilis, hut we 
are here more concerned with the traumatic j>erforatious which almost 
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invariably occur in the cartilaginous portion. The perforating ulcer 
occurring in rhinitis sicca is comparatively common, but the cartilage 
may be perforated as a result of a septa! abscess, or during operations 
upon the septum. If, during the performance of a submucous resection, 
the mucous membrane on the concave side is tom, the surgeon must 
withdraw the elevator and carefully introduce a sharp-edged separator, 
which he keeps pressed closely against the cartilage until he has 
regained the correct plane. 

The treatment of septal perforations is rarely called for, hut if 
troublesome symptoms occur operation may be required. Some form 
of mucosal graft is employed but the results have on the whole been 
disappointing. 

Septal Adhesions. 

These may be present as a result of traumatism or disease. They 
are most commonly found between the septum and the inferior turbinal, 
but may occur between the middle turbinal and the septum. 

Symptoms. In a large majority of cases there are no symptoms, but 
broad short bands may cau'-e a considerable degree of nasal obstruction, 
and neuralgic pains arc -rfmictmies complained of. 

Treatment. Treatment is called for only if the symptoms are trouble- 
some, or if the presence of the adhesions prevents the performance of 
necessary intra-nasal operations. The bands should be divided with 
scissors, or destroyed by means of the electric cautery or, preferably, 
by diathermy. It will sometimes he necessary to perform a partial 
turbinectomy . or to correct the septal deflection by submucous resection. 
After any sucli procedure the raw surfaces must be kept apart by a 
rubber or celluloid spimt, and any tendency to tbe re-formation 
prev ented by the occasional passage of a probe until complete healing 
has resulted. 
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Epistaxis 

Bleeding from the nose is frequently met with, and may be due to 
local pathological conditions in the no»e, or to general causes. Large 
lists of such causes are to be found in almost all text-books on diseases 
of the nose, but here only the most common will be dealt with. For a 
comprehensive list the student is advised to consult St. Clair Thomson’s 
excellent work. Diseases of the Nose and Throat. 

Epistaxis is but rarely present in infancy, but is very common from 
the age of 3 to 4 years up to puberty, and in such cases is frequently 
due to the presence of adenoids. It is comparatively rare in middle life, 
but tends to occur more often in advanced age when it is of more serious 
import. Statistics have shown that in about DO per cent of all cases of 
epistaxis the bleeding-point is situated on the antero-inferior surface 
of the cartilaginous septum, about a quarter of an inch from the 
vestibule and the same distance from the floor of the nose. This area 
was first described by an American surgeon named Little, but owing 
to the well-kit own preference of the English for foreign-bounding names, 
it is usually referred to as Kisselbach's area. In this position one fre- 
quently sees a varicose leash of vessels, while at other times a small 
spouting branch of the naso-palatine artery may be observed. Epis- 
taxis may also arise flirt her back in the nose from the septum or t urbinals, 
from an artery in the floor of the nose, or from the anterior or jKteterior 
ethmoidal veins. One must also mention the bleeding which occurs 
from the so-called “ bleeding polypus of the nose,” and that associated 
with malignant nasal growths. 

Diagnosis. 

This is usually easy if a good view of the nose can be obtained, but 
it must be rememl>ercd that the blood often runs into the naso- pharynx 
and pharynx, whence it may be vomited or coughed up, and thus give 
ri-o to suspicions of the presence of gastric or pulmonary disease. In 
the same way blood from the pharynx, stomach or lungs may e*caj»e 
through the nose ami lead to a false diagnosis of epistaxis Wing made. 

I n cases of bleeding from the nose following trauma the po-*ibili tv should 
not be overlooked of a fracture of the base of the skull having occurred. 
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Prognosis. 

This naturally varies according to the prime cause of the bleeding. 
When, due to some constitutional cause the prognosis depends upon 
the nature of such cause ; when due to a purely local condition it is 
usually good, unless the epistaxis is secondary to malignant disease or 
to an inoperable fibroma. It should be noted that hemorrhage from an 
ordinary nasal polypus is not a common symptom. In elderly people 
the occurrence of epistaxis may suggest the probability of a subsequent 
cerebral hsemorrhage, for, hke sub-conjunctival haemorrhage, it often 
signifies the existence of degenerative changes in the walls of the blood- 
vessels accompanied by a raised blood-pressure. 

Treatment. 

In old people epistaxis is often a safety-valve, and in the majority 
of cases no attempt need be made to arrest it. When due to general 
diseases the tendency to epistaxis may be diminished by suitable treat- 
ment of the causative condition. If, however, the bleeding becomes 
excessive one may be forced to adopt local measures to ensure its arrest. 
Loosening of the clothes around the neck, and the application of iced 
water to the bridge of the nose may be effective ; if the epistaxis persists, 
a cotton-wool tampon soaked in a solution of adrenalin or of hydrogen 
peroxide may be introduced into the nostril, and pressure then be 
applied upon the ala nasi of the same side. The tampon is left in 
position lor from 12 to 24 hours, at the end of which time the bleeding 
has usually ceased. Should the hjemorrhage still persist, the nose must 
be packed ; the nasal mucous membrane is painted with a 3 per cent 
solution of cocaine, aud then, under efficient illumination, the nasal 
cavity is carefully packed from below and behind upwards and forwards 
with nbbon gauze. Such packing should not be left in place for more 
than 24 to 36 hours for fear of the supervention of sepsis, aud its removal 
should be effected gently in order to prevent a renewal of the bleeding. 
If a Cooper Rose bag be available it may be used instead of gauze pack- 
ing, its advantages being that it is more easily inserted and removed, 
whilst Its removal is less likely to be followed by renewed bleeding. 
The bag is introduced in the collapsed state until the end reaches the 
posterior choana, when it is inflated as tightly as possible, and the stop- 
cock closed. To effect its removal the stopcock is opened, and the 
deflated bag can then be easily and painlessly taken out of the nostril. 

In the more obstinate cases it may be found necessary to pack 
both the nose and the post-nasal space. For many years this was done 
by means of a Bellocq sound, but a small soft rubber catheter makes an 
excellent substitute. The packing consists of a sponge or a tampon of 
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lint, to which two long strings or tapes arc attached. The catheter is 
passed through the nostril until it is seen behind and below the soft 
palate, the tip is then drawn forward and one of the strings firmly tied 
to it. The catheter is now pulled back through the nose until the string 
can be grasped, when the tampon is drawn tightly into the posterior 
choana. The string from the nose and that from the mouth are then 
tied together, and the anterior nares packed with ribbon gauze. The 
packing and tampon must be removed within 24 to 3G hours, gentle 
syringing with a solution of bicarbonate of soda considerably facilitating 
the process. 

When the bleeding originates from Little’s area, a cure is often 
effected by obliteration of the varicose vessels with the electric cautery, 
or with chromic acid or trichloracetic acid. Where a large area of the 
mucous membrane is affected, the cautery may be ineffective, and in these 
circumstances it may be necessary to dissect the mucosa off the septal 
cartilage, or even to perform a submucous resection of the cartilage 
itself. A resection may also be required when the bleeding comes from 
the depths of a concavity far back on the septum. 

In the case of children, who support badly such intra-nasal operations 
as the application of the cautery, the local treatment of epistaxis often 
provides a difficult problem. Asherson has suggested the submucous 
injection, under general anaesthesia, of a solution of sodium morrlmate, or 
of 10 per cent phenol in almond oil, in such cases, and I have found 
this method to he of considerable value on several occasions. [ Asherson, 
Journal of Laryngology and Otology , 1934, XLIX, 180-81.) 

In the most serious cases of epistaxis, which persist in spite of all 
other treatment, it may be necessary to give a transfusion of blood. 

Finally, a practical ** tip ” may here be given in connection with the 
cauterisation of a bleedi»g-i>oi»t in the nose. If, when the suspected 
area is touched with the cautery-point or the probe, fairly brisk bleeding 
does not occur, it is probable that the offending vessel has not been 
found, and a careful search of the remainder of the nasal cavity, 
esjKX’ially of the iloor, should be made. 

KOKEIOX BODIES IN THE XO»E 

Foreign bodies may enter the nasal cavities : 

(1) Through the nostrils. 

(2) Through the posterior c henna*. 

(3) J5y penetrating one of the nasal walls. 

They may abo arise in the nose itself, for example, in the form of 
bony sequestra or rhinolitlis. 

*oi_ III '-<»* 
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Children provide the vast majority of cases, as they are apt to push 
into their nostrils such objects as buttons, peas, beads, fruit-stones or 
small pebbles. Small pellets of rolled-up paper also appear to exert a 
fatal fascination for them. In adults the patients are usually lunatics 
or hysterical women, but the foreign body is occasionally found to be 
a piece of gauze or wool which has been inserted during treatment and 



then forgotten or only partially removed. In the tropics maggots and 
various parasites may take up their residence in the nasal cavities. 

Foreign bodies which penetrate the nasal walls are usually bullets 
or fragments of high-explosive shells, and these may be accompanied by 
pieces of the uniform or of a steel helmet. 

SynijrfoMS. 

These may be slight, unless the foreign body has been in the nose 
for a long period, when it produces a unilateral purulent discharge 
which may become offensive and blood-stained. Headache and earache 
often ensue, and there may be a considerable degree of nasal obstruction. 

Diagnosis. 

This may occasionally present considerable difficulty, especially if 
the foreign body has been in silu for a long tune ; but careful examina- 
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tion with a probe under local anaesthesia will usually lead to the detec- 
tion of any foreign body which may be present. In the case of children 
a general anaesthetic is advisable even for examination, but the neces- 
sary instruments should be at hand in order that immediate extraction 
of any foreign body may be effected. 

Treatment. 

Removal of the offending foreign body is essential, but may prove 
to be extremely difficult. Any attempt at blind extraction is dangerous 
and probably ineffective, whilst such methods as syringing of the nasal 
cavity or politzerisation through the opposite nostril must be con- 
demned as likely to lead to acute infection of the middle cars. It is 
essential to have the best illumination possible, and effective local or 
general anaesthesia must be induced. The best instrument with which 
to effect removal is an ordinary narrow hernia director. This is gently 
pushed along the floor of the nose until the distal end reaches just 
beyond the foreign body ; the handle of the director is then depressed, 
the floor of the vestibule acting as a fulcrum, and the foreign body 
is displaced forwards in the groove of the director, and appears at 
the anterior nasal aperture (fig. 2517). The simplicity and efficacy 
of this method have been proved upon many occasions, and it is 
especially good in the case of such foreign bodies as peas, beads or 
small pebbles, which have such an annoying tendency to slip further 
back in the nose when an attempt is made to grasp them with forceps. 
In most text-books the use of a bent probe, buttonhook, strabismus 
hook, or forceps with serrated blades is recommended ; on one occasion 
I derived great satisfaction from inserting a buttonhook into the eye 
of a boot button and thus extracting the button. 

If forceps are employed, great care must be taken to avoid pushing 
the foreign body back into the naso-plmrynx lest it should fall into the 
larynx. If such an accident be feared, it may be prevented by passing 
a finger through the mouth and into the appropriate posterior clioana. 

IUiinolitlis may be dealt with in the above manner, whilst maggots 
are brought away by the use of oil or chloroform in the nose. 



CHAPTER V 

Minor Operations in the Xose 


The chief forms of minor in tra -nasal operations are : 

(1) Cauterisation. 

(2) Removal of hypertrophied or diseased structures. 
Cauterisation is effected by means of chemical caustics or the 

galvano-cautery. Of the former the most suitable agents are chromic 
and trichloracetic acids. Either may be used to reduce swelling of the 
mucosa, or as an application to arrest epistaxis, but the chromic acid 
has the more powerful destructive action upon the mucous membrane, 
rhey may be applied in strong solutions by means of cotton wool 
twisted round the end of a suitable narrow carrier. It is essential to wipe 
away any excess of the acid. Some operators prefer to use the pure 
crystals after fusing them on a probe. 

The galvano-cautery has proved extremely useful for the dcstruc- 
i"u o re un ant tissue in the nose, for effecting counter-irritation as in 
cases of hay fever, and for obliterating the vessels givin- rise to spon- 
taneous epistaxis. The canter,- may be worked from a d"ry or wet «ll, 
Chare mea “ 3 tal ^>™er, from the ordinary house current. The 
ntSlTb w” T ' ed ' hat Wten the ‘ 4*1 of the holder is 
c™t is u ST” . Sl0WS at a c ^ err y-red heat ; if too much 

n“?” " le buracr is ra P id and d »™l‘ “ ntrol > 

™?ed tW, ^ ?«*> if only a dull red heat is 

and thus cause keS.1Twh“ it 1°“™",!° ** m “ C0U3 

any^attempt t aT^utTrisirion^s*carrieil ) oijt ie a'nd^ i ^^ s ||i e fi^ ed ^f 0 ^ 0 

also nprcvo/irv - „ - meu out > an( l good lllummation b 
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It must be remembered that C e J*" 1™° ‘ he ™"' ° f the °P erator ' 
the use of the electric canted in the n" t" 8 '^ m “ y b ° associatcd w,th 
to follow its unskilful application or C “' -ItIes - Adhesions are prone 

met, the use of the canter,- in the ethmoidal region has been known to 
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be followed by the appearance of such dread sequela) as facial erysipelas, 
septicaemia, and even meningitis. The latter is probably due to infec- 
tion passing up through the cribriform plate via the ethmoidal veins. 
Deep cauterisation should therefore never be employed for the middle 
turbinals or other ethmoidal structures, though it is probably safe to 
cauterise superficially in order to produce counter-irritation. 

Removal of hypertrophied or diseased intra-nasal structures is effected 
by means of nasal snares, scissors, or punch forceps. 

Snares may be divided into two main classes : 

(1) Those in which the barrel is open at the distal end, so that the 
wire loop can be drawn right into it. 

(2) Those in which the distal end of the barrel is crossed by a bar, 
or “ stop,” which prevents the loop from being drawn inside. 

If the former type be employed, the wire loop will cut through any 
tissue which it encircles at the point of constriction ; it is therefore 
unsuitable for the removal of polypi, as portions of the pedicles will 
certainly be left behind, and will lead to rapid recurrence. The second 
type, on the other hand, will not cut through in this manner, and if used 
for the snaring of polypi will generally tear away the pedicle at its site 
of attachment, in some cases accompanied by a flake of rarefied bone 
from the ethmoid itself. Before using a nasal snare one must make sure 
that the wire loop is not too long to be pulled home ; otherwise the 
snare will slip when traction is applied, and will fail to remove 
the portion of tissue which has been encircled. The many advantages 
of the Glegg snare have already been mentioned in a previous chapter. 
Xasal scissors are useful for trimming the edges of the inferior turbinals. 
and for dividing the neck of the middle turbinal prior to its removal 
with a snare. The blades should he at an angle to the shafts, and they 
mu»t cut sharply right to the very points. Punch forceps have been 
devised by the score, and each operator will discover his favourite 
type by a process of elimination ; it is advisable to “ try out ” those in 
the instrument cupboard of a hospital before laying in ones own stock. 
Such forceps are useful in removing polypi or portions of turbinals, and 
art* especially valuable where a good deal of t rimming-up has to be done. 

Partial Turbimxlomi/. 

It is sometimes necessary to remove the hypertrophied anterior or 
IKistcrior end of the inferior turbinal, and occasionally amputation of 
both ends may be required. The jurt-s which an? removable with a 
snare are indicated in figure *2548, which is a modified form of the 
diagram apj>caring in lamb's of the Thrwit, Xuac and liar. 
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A. Inferior Torbinals 
Anterior Turbineclomy. 

This is performed by means of scissors and snare after local anajs- 
thesia has been induced. The blades of a pair of strong nasal scissors 
are introduced, one above and the other below the turbinal head, and a 
cut is made through the bone and soft parts at the attachment of the 
inferior turbinal to the outer nasal wall. This incision extends for about 



° f ““ Tl' and * he portio ' 1 of tlle tobinal thus divided 
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Removal of the Anterior End of the Middle Turbinal. 

This may be effected with the snare alone, or the combined use of 
the snare and some form of cutting forceps may be found necessary. 

If the hypertrophied anterior end is large and bulbous, and projects 
downwards and forwards at a well-marked angle, the snare will usually 
grasp it securely and remove it effectively. If, however, the enlarge- 
ment is mainly a bony one, and if the angle is not well-marked, the wire 
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loop tends to slip off, and to remove only a tag of the overlying muccw. 
In these circumstances it is advisable to cut a deep notch, as indicated 
in figure 2550, by means of Grumvald forceps, and then to apply the 
loop of the snare. As the loop Is tightened the distal end of the barrel 
must be pressed firmly upwards to obtain a secure grip- If, owing to the 
extreme narrowness of the na.-al cavity, the blades of the forceps cannot 
be opened widely enough to cut the notch, the attachment of the 
turbinal to the outer nasal wall may be divided with angled scissors. 
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B. Middle Turbinals 

Hypertrophies of tlic middle turbmal are almost invariably 
associated with some degree of ethmoidal disease, a point which must 
be borne in mind when operative treatment is contemplated. 

Enlargement of the Anterior End. 

This is nearly always due to a chronic ethmoidal osteitis, which 
causes a gradual enlargement of the anterior third of the middle turbmal. 



This enlarged end frequently becomes red and bulbous, and may cause 
unpleasant neuralgic symptoms by reason of its pressure upon the 
septum. In certain cases the enlargement is cystic in nature, and 
due to the excessive development of an accessory cell in the head of the 
middle turkinal. Again, the middle turbinal may be apparently double 
owing to a marked swelling of the unciform process. The cleft which 
separates this latter from the middle turbmal gives rise to the bifid 
appearance. 


CHAPTER VI 


Nasal Polypi 

Although the nasal polypus was for many years considered to be a 
benign form of new growth, it is now generally recognised to be closely 
associated with ethmoidal disease. Woakes first pointed out that a 
polypus in the nose is merely a symptom of underlying bony disease, 
and Lack later placed our conception of the condition upon a sound 
pathological basis. 

The number and nature of the polypi give a valuable clinical indica- 
tion as to the amount of associated bony disease which is present, and 
visual examination of the nasal cavities will often provide useful in- 
formation both as to the prognosis and to the extent of operative inter- 
ference which will be required. The presence of merely one or two 
pedunculated polypi shows that in all probability the osteitis is localised 
or even arrested ; if, on the other hand, crops of small sessile polypi 
are seen, and if there is marked oedema of the mucosa, it can be safely 
assumed that the bony disease is active and widespread. 

Incidence and Appearance. 

Polypi aro most often met with during the third and fourth decades, and are 
usually Mid to he very rare before the age of ten years. It seems, however, that 
this rarity is now disappearing to some extent, ami the writer has upon several 
occasions removed ordinary nasal polypi from children aged eight years ami under. 

Polypi vary considerably in size and numlwr, hut they usually give the appear- 
ance of greyish, gelatinous, oyster- like masses, especially when they aro of the 
jiediinculated variety. If, however, they protrude into the vestibule or the naso- 
pharynx their surface tends to become ml and roughened, and their ap|>carance 
strongly suggest* that of a jupilloma. A point of great diagnostic importance is 
that they almost invariably originate from the ethmoidal region under cm er of the 
middle turbinal. 

Sym p/om-s. 

The main symptoms are those of nasal obstruction, and many 
patients complain that their symptoms are barometrical in nature, and 
vary according to the state of the weather. Pressure of the polypi 
against the septum may produce severe neuralgia, especially across* the 
bridge of the nose ami in the supra- ami infra-orbital regions, whilst 
aprusexia and anosmia are not infrequent symptoms. Sneezing, hay- 
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The loop of the snare is passed along this incision, with the barrel 
beneath the lower border of the turbinal, and firm pressure J3 maintained 
in a backward direction while the loop is gradually tightened (see fig. 
2551). In those cases where it is extremely difficult to apply the snare, 
it may prove necessary to perform a piecemeal removal of the turbinal 
with punch forceps. 

The removal of a cystic enlargement may be accomplished in some 
cases by means of the snare, but this method is liable to leave behind 
portions of the cyst wall, and these remnants must then be “ mopped- 
up ’* with punch forceps. 
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they must he diagnosed from posterior turhina! hyperplasias and 
adenoids, or from fibromata, endotbeliomata, sarcomata and epitheho- 
mata of the naso-pharynx. A good skiagram may show some involvement 
of tlie mucous membrane of the antrum, but, paradoxically enough, the 
affected antrum may trans-illuminate more brightly than the sound one. 

X-ray photographs are also of great value when multiple polypi are 
present, as they will demonstrate the presence of any associated disease 
of the accessory sinuses, and the extent of the coexistent cthmoiditis. 

Prognosis. 

Prognosis is extremely difficult in many cases. If left untreated, 
polypi tend to increase in size and number, and may in time lead to 
marked impairment of the general health, or even to serious com- 
plications. On the other hand, polypi have a notorious tendency to 
recur repeatedly after local removal, for such removal obviously fails 
to eradicate the source of the disease. It is apparent that topical appli- 
cations can have no curative effect in the presence of bony disease, and 
some form of operative treatment is therefore necessary. In tins 
connection a few prognostic points may here be tabulated : 

(1) A single pedunculated polypus, especially if it is cystic in nature, 
does not tend to recur after complete local removal. 

(2) Polypi associated with obvious disease of an accessory nasal 
sinus are amenable to surgical treatment if the patient is prepared to 
face the appropriate operation. 

(3) Even should the patient refuse a radical operation, he may be 
promised considerable relief from his symptoms if he will submit to 
occasional removal of the polypi by means of the snare. 

(4) In the case of the choanal polypus its removal is usually curative 
in effect, as any bony disease which may have been present has almost 
invariably been arrested before the polypus is discovered. 

Treatment. 

The treatment of nasal polypi will naturally depend upon the 
quiescence or activity of the underlying bone disease. In the former case, 
simple removal with a snare will usually suffice ; in the latter, simple 
removal can be looked upon as merely a palliative measure ; to effect 
a cure more radical measures must be undertaken, and the underlying 
diseased bone must also be taken away. 

Simple Removal. 

Fur this operation it is essential to have : 

(1) Good anaesthesia. 

(2) Good iiiiiinin.it ion. 

(3) A good snare. 
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fever and. asthma are often aggravated, if not caused, by the presence 
of polypi, and a harsh, purposeless cough is frequently a part of the 
train of symptoms. The patient occasionally complains that he feels 
as if he lias “ a valve in the nose,*’ or he may state that a lump some- 
times protrudes from the front of the nose. A certain degree of deafness 
or giddiness may be produced, and some authorities believe that polypi 
may be one of the causes of epilepsy. Frequently the voice takes on a 
nasal intonation, and there is commonly a profuse nasal discharge, 
which may vary from a watery to a thick purulent consistency. 

In extreme cases the polypi attain an enormous size, and may then 
produce distension and external deformity of the nose. 

Diagnosis. 

This is usually not difficult if a careful examination is made after 
cocainisation, but every rhinologist knows to his cost that many so- 
called polypi sent to him for treatment are in reality turgescent or 
hypertrophied turbmals or middle turbinal cysts. The difficulty then 
arises of reconcilmg the practitioner’s diagnosis with that of the rhinolo- 
gist. If it is borne constantly in mind that polypi originate from the 
ethmoid especially under cover of the middle turbinal, such mistakes 
in diagnosis should not occur ; in the case of turbinal turgescence the 
application of cocaine will cause very marked reduction of the swelling. 
alore°\ c-r, turbinal turgescence and hypertrophy frequently originate 
m the inferior meatus. J b 
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circumstances should the nose be tightly packed with gauze, or severe 
sepsis may supervene. For the next few' days a few drops of hydrogen 
peroxide may be trickled into the nostril at frequent intervals, while 
later on a mild alkaline nasal wash may be used. 

A most important part of the after-treatment is the regular inspec- 
tion of the nose for the appearance of recurrences, and their prompt 
treatment. 

With patience and perseverance, on the part of both patient and 
surgeon, even bad cases of nasal polypi may thus he cured ; but, if 
after several careful snarings the recurrences persist, a more radical 
procedure must be adopted. 

Removal of a Choanal Polypus. 

If the polypus is of medium size, and does not protrude far back into 
the post-nasal space, it may be snared under local anaesthesia. Where 
the polypus is rather larger, a general anaesthetic must be administered, 
and the left forefinger passed into the naso-pharynx to guide the loop 
over the end of the polypus. In such cases the superiority of a Glegg 
snare will again be apparent, for a large loop may first be passed over 
the bulky free end of the polyp, and then be easily adjusted so as to 
grip the pedicle firmly. Another method is to introduce a long pair of 
polypus forceps along the nasal lloor, and to guide the pedicle between 
the open blades of the forceps with the forefinger in the naso-pharynx. 
The polypus is thus firmly grasped by the blades, and by a twisting and 
pulling movement is torn from its attachment and removed through the 
nose. Occasionally the polypus is too large to allow of its removal 
through the nose ; in such cases it is necessary to introduce a pair of 
curved forceps into the naso-pharynx via the mouth, guide the ends with 
the forefinger, grasp the pedicle securely, and tear it from its attachment. 

Removal of Polypi icith umlcrlyiny Hone. 

The methods to be adopted here vary according to whether the 
associated bony disease is limited or widespread in extent. In either 
case it is of the utmost importance to remove not only the polypi 
but also the whole of the diseased bone. 

In localised cases the method closely resembles that for removing 
simple polypi, hut an attempt must be made to include the bone as well 
as the polypi ill the loop of the snare. This is especially indicated where 
the head of the middle turbinal is the chief seat of the disease. Where 
the uncinate process or ethmoidal bulla are mainly involved these must 
he cleared with cutting forceps or curettes ; it will usually be necessary 
to amputate the head of the middle turbinal in order to obtain adequate 
access to these structures. 
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Local anaesthesia suffices, and is induced as already described. The 
importance of good illumination is obvious, since one has to work in a 
narrow and confined space. The writer’s predilection for the Glegg 
type of snare has been previously stressed. 

The wire loop is passed back vertically in the nose, the lower 
border being kept in contact with the nasal floor, until its distal end is 
well behind the polypus ; the loop is then gently slipped round the lower 
end of the polypus, and with a slight side-to-side and upward movement 
is insinuated under cover of the middle turbinal as near as possible to 
the attachment of the polypus. The noose is then tightened, and the 
polypus pulled sharply away from its attachment. As a rule, the whole 
of the pedicle will come away, often accompanied by a small scale of the 
subjacent bone (fig 2552). In some cases, where the polypi spring from 
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the anterior end of the middle turbinal, the latter may be removed 
together with the polypi ; such removal is advantageous as it diminishes 
theJikelihood of recurrence. Should bleeding obscure the view, it is well to 
press on the spot with a mop of cotton wool wrung out of hydrogen per- 
oxide, which is for this purpose a better and safer styptic than adrenalin. 

both sides of the nose are affected, an attempt must be made to 
c ear one si e as completely as possible in order to restore some degree 
o nasa respiration , the treatment of the second side may well be 
deferred for seven to ten days. 

After the snarmg of polypi, brisk Iraanorrliage may ensue, but this 
can usua ly be controlled by the application of iced compresses to the 
bridge of the nose. In stubborn cases it ma y be necessary to use 
y ogen peroxide on cotton wool, and to pack it in the nose for ten 
minutes or so. A loose pledget of wool may then be inserted in the 
vestibule to prevent blood from trickling'over the upper lip. In no 
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the haemorrliagc stops quickly on. the application of iced water to the nose, but 
occasionally the nasal cavities must be temporarily packed with gauze. Except 
as a last resort, prolonged packing of the nose is unjustifiable, as sepsis is already 
present, and serious complications may result. 

Although widespread recurrences arc rare after the performance of Lack’s 
operation, the patient must be kept under observation, and any small recurrences 
dealt with by the snare or forceps under cocaine anaesthesia. If suppuration 
persists, it indicates the presence of accessory nasal sinus disease, and must be 
treated by appropriate surgical measures. 

DiJJictiltics which may confront the Operator. 

In a small percentage of coses the removal of nasal polypi appears to cause a 
violent reaction in the ethmoidal region, and, when next seen, the patient has pro- 
duced a copious crop of axlcmatous polypi. In these circumstances it is advisable 
to hold one's hand, and to wait for the congestion to subside before attempting to 
remove these fresh polypi. If this is done, a much longer period of immunity 
from recurrence w ill follow the second operation. The liability of some patients to 
suffer from mental changes after repeated operations under cocaine anaesthesia 
has already been mentioned. 

The major difficulties encountered during the operation arc usually caused by 
the presence of septal spurs or deviations. Such obstructions may not be recognised 
until the anterior polypi have been removed, and it is in these eases that efficient 
illumination and cocainisation are of the utmost value. In many eases of marked 
septal deflection it may be necessary, or at least advisable, to perform a submucous 
resection before attempting to deal with the polypi. 

If the haunorrhage is so severe as to obscure the operator's view, it is better 
to have sufficient strength of mind to desist for the time being, and to postpone tho 
completion of the operation to a later date. Wind manipulation will lead only to 
incomplete removal of the polypi, and to the production of troublesome adhesions. 
Adrenalin should not be used for tho arrest of haemorrhage when the ]>aticnt is 
under a general anaesthetic, as symptoms of collapse are liable to follow its applica- 
tion to the bleeding area ; in no circumstances must solutions of adrenalin be 
injected submucotisly when chloroform ana'sthesia is being administered, as several 
eases of sudden death have occurred under such conditions. 

The most stringent precautions must be taken against the possibility of injur- 
ing the cribriform plate during the operation, as the danger of meningitis resulting 
from such an aeeident is a very real one. 

Other less serious complications may occur : some degree of septic absorption 
accompanied by pyrexia frequently follows tho operation, acute otitis media may 
ensue, and, later on, adhesions w ill appear, especially in narrow noses. Occasionally, 
the orbital plate of the ethmoid Is damaged, ami blood may bo extras a sated into 
the orbit, with consequent blackening of the lower or upper cy did. Le.v> frequently, 
air finds its way into tl e orbit, and in such cases the jatiuit must be warned not 
to blow his nose for the next few day?. 
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When the bony disease is extensive, more radical measures must 
be undertaken, and the method advocated by Lack is most valuable. 
This is indicated in cases of extensive ethmoidal disease accompanied by 
the presence of multiple polypi and by a considerable degTee of suppura- 
tion ; also in those instances where simpler measures have repeatedly 
failed to effect a cure. The question of the appropriate anaesthetic is 
an important one : general anaesthesia is usually induced, but many 
operators consider the local ana?sthesia produced by Sluder’s method 
to be sufficient. If the anaesthetic is intra-tracheal, the pharynx 
may be thoroughly packed off with gauze to prevent the passage of 
blood into the oesophagus or the lower air-passages. The patient is 
placed on the operating table with the head slightly raised and turned 
well to one side : a strong light is thrown into the nose, and a rapid 
clearance of the polypi is made with a Watson- Williams polypus forceps. 
A digital examination of the nasal cavities and post-nasal space is then 
made to determine the amount of bony disease and the presence of any 
remaining polypi If posterior polypi are present, they may be guided 
into the jaws of the polypus forceps by the forefinger in the naso- 
pharynx. The middle turbinal should next be removed with Grunwald 
forceps or a ■-poke-shave, after which a large Meyer ring-knife is intro- 
duced. and passed upwards and backwards into the nose, with the 
cutting surface facing outwards towards the orbit. The lateral mass 
of the ethmoid is now rapidly scraped away until healthy bone is 
rc.ic ie , such bone being firm and offering marked resistance to the 
ring-kmfe. It is of the utmost importance to avoid injury to the 
cribriform plate, and all these manipulations should therefore be per- 
ornied below the level of attachment of the middle turbinal, whilst 
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^ Opening of spcnoidal stilus. 

< Supreme turbinal. 

Suprameatal recess ( Openings of posterior ethmoidal cells. 

j Superior turbinal. 

\ Openings of posterior ethmoidal cells. 

i Middle turbinal. 

Openings of anterior ethmoidal cells (bullir group). 

Ethmoidal bulla. 

Frontal recess. 

Opening of fronto-nasal duct. 

Semilunar groove. 

I Semilunar gap. 

A Openings of anterior ethmoidal cells (fronto-nasal 
group). 

Uncinate process. 

Usual opening of maxillary sinus. 

Accessory opening of maxillary sinus. 

/ nf trior turbinal. 

' Opening of naso- lachrymal duct. 

It will bo noted that Layton here uses the terms semilunar groove and semi- 
lunar gap in place of the old terms hiatus semilunaris and infundibulum. 

Classification of Accessory Sinuses. 

Maxillary sinus. 

Frontal sinus with its fronto-nasal duct. 

Anterior ethmoidal cells : 

Fronto-nasal group 

A ?g or type. 

Uncinate type. 

UtilLir group Tllc bulll C1 . n . 

Orbito-cthmoidal cells. 

Posterior ethmoidal cells. 

Sphenoidal sinus. 

The “ key " bone of the nose is undoubtedly the ethmoid, which ii composed 
of numerous cells, ami is w edged in the tloor of the anterior fossa of the skull 
immediately in front of the body of the sphenoid, and lietween the two halves of 
the frontal bone. The ethmoid consists of two lateral masses united in the middle 
line by the perjiendicular plate of the ethmoid, which is a component part of the 
bony nasal septum. The lateral masses are connected by the cribriform plate, 
a narrow strip of bone which contains numerous perforations for the branches of 
the olfactory nerve. The cribriform plate is of paramount surgical importance, 
as through it there is direct communication between the nasal and the anterior 
cranial fossa?, and all operative procedures ujwn the vthmoiilal cells mu«t be 
jierforroed lateral to tliis ana. The ethmoid lias also a very clo*e relationship to 
the orbital cavity on each side ; the inner part of the orbital plate of the frontal 
bone closes m some of the t thmoiilal cells, whilst the outer wall of the lateral iium 
of the ethmoid fotms the greater portion oft he inner wall of the orbit, and anteriorly 



CHAPTER VII 

Diseases of the Accessory Nasal Sinuses 

These diseases, and their treatment, tend to occupy the attention 
of rhinologists to an ever-increasing extent. It is possible that improved 
methods of clinical and radiological diagnosis have been responsible 
for the recognition of a greater number of such cases than hitherto, 
but the probability is that the diseases themselves are becoming increas- 
ingly frequent among civilised peoples. 

In any event, the study of these infections is of the utmost import- 
ance to the specialist and the problems associated with their treatment 
have probably caus’d more ink to flow than any other rhinological 
condition The controversy has split the ranks of rhinologists into 
several " f amp>. ' each of which contains many fanatics, and a perusal 
of the copious literature upon the subject tends to bewilder the 
young na«al surgeon. The truth probably is that each type of case 
presents its own peculiar problem, in some instances demanding 
conservative, in others radical, measures; the surgeon must work 
out his own salvation, and that of the patient, by the light of 
experience. 

Every young rhinologist is strongly advised to read carefully Herbert Tilley’s 
address on “ The Nasal Accessory Sinuses,” which appears in the Journal of 
laryngology and Otology December 1932. Here Tilley speaks with all the 
authority of his rich experience, and presents a lucid and reasoned exposition of 
the problem. His sane and considered judgment will counteract the optimism 
with which each new operation is greeted in some quarters. 

Anatomical Considerations . 

It is essential for the rhinologist to have an accurate knowledge of the anatomy 
of the nose and paranasal sinuses ere he embarks upon intra-nasal surgery. He 
will do well to make a careful study of the magnificent Onodi Collection in the 
Museum of the Royal College of Surgeons of England, and Layton's Catalogue of 
the Collection should most certainly be in his hands. 

Each nasal passage 13 sub-divided by the three turbinates into four meatuses, 
which'run in an antero posterior direction. In these meatuses are found many 
important structures and the openings of the paranasal cells and sinuses. These 
may be represented diagrammatically thus (Layton) : 
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l 0 [Kiting of spcnoidal sinus. 

< Supreme turbinal. 

Suprameatal recess ( Openings of posterior ethmoidal cells. 

J Su [tenor turbinal. 

\ Openings of posterior ethmoidal cells. 

Middle turbinal. 

Openings of anterior ethmoidal cells (bullar group). 

Ethmoidal bulla. 

Frontal recess. 

Opening of fronto-nasal duct. 

Semilunar groove. 

J Semilunar gap. 

\ Openings of anterior ethmoidal cells (fronto-nasal 
group). 

Uncinate process. 

Usual opening of maxillary sinus. 

Accessor}' opening of maxillary sinus. 

Inf trior turbinal. 

\ Opening of naso-lachrymal duct. 

It will bo noted that La} ton here uses the terms semilunar groove and semi- 
lunar gap in place of the old terms hiatus semilunaris and infundibulum. 

Classification of Accessory Sinuses. 

Maxillary sinus. 

Frontal sinus with its fronto-nasal duct. 

Anterior ethmoidal cells : 

Fronto-nasal group 

-Sggcr type. 

Uncinate type. 

Uultar group Thv bulla roll. 

Orbito-cthmoidal cells. 

Posterior ethmoidal cells. 

Sphenoidal sinus. 

The “ key " bone of the no-»c is undoubtedly the ethmoid, which is composed 
of numerous cells, and is wedged in the floor of the anterior fo%sa of the skull 
immediately ill front of the body of the sphenoid, and between the two halves of 
the frontal tone. The ethmoid consists of two lateral masses united in the middle 
hue by the perpendicular plate of the ethmoid, which is a component {art of the 
tony nasal septum. The lateral masses are connected by the cribriform plate, 
a narrow- strip of bone which contains numerous perforations for the Irani lies of 
the olfactory nmc. The cribriform plate is of paramount surgical importance, 
as through it there is direct lommunication between the nasal and the anterior 
cranial fo.w, ami all operative procedures upon the ethmoidal tells must be 
performed lateral to thus area. The ethmoid has also a very <Iom* relationship to 
the orbital cavity on each nuIi* ; the inner part of the orbital plate of the frontal 
tone closes m some of the ethmoidal cells, whilst the outer wall of the lateral mass 
of the ethmoid forms the greater portion of the inner wall of t he orbit, and anteriorly 
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comes into contact with the posterior half of the lachrymal hone, which forms 
the outer wall of some of the anterior ethmoidal cells. The superior and middle 
turbinals are an integral part of the ethmoid, and lateral to the middle turbinal 
are several important structures on the outer wall of the nose. These have been 
enumerated m the table given on page 4735 ; one of the most important is the 
uncinate process, a ridge of hone which runs downwards and backwards from the 
anterior part of the lateral mass, twisting as it does so, in some cases to such an 
extent that it becomes almost horizontal. Above the uncinate process is seen the 
bulla ethmoidalis, which is a projection caused by an enlarged ethmoidal cell and 
can sometimes lie seen on examination through the nasal speculum. Between the 
bulla and the uncinate process he the semilunar groove and gap, into which many 
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Special mention must he made of the agger nasi cell, which is a prominence 
due to one or more of the anterior ethmoidal cells, and is situated just in front of 
the anterior margin of the middle tnthinal. Mosher has called attention to the 
special importance of this cell because of the hearing it may have upon the causa- 
tion and treatment of infection of the paranasal sinuses, more especially of the 
frontal sinus. If w ell developed, or swollen by disease, it may bulge into the fronto- 
nasal ducb and thus Interfere wtth tLc natural drainage of thefrontal sinus, and 
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sinus is at the most dependent part, hut the openings of the other cavities vary 
considerably, and are seldom found to be at or near the low eat part. The posterior 
ethmoidal cells usually open independently, but occasionally some of them com- 
municate with the sphenoidal sinus, the proper ostium of which is almost invariably 


hj tUI — Cmu'MI. urniii tiouhcu tm 

SASAt, CAYITIK* AXb M4XUXAKT SIM SEA ox 

I Left (ronUj unu«. 

3. 1^(1 tnlrmrcUimuxUl rrU. 

3 OKk lory • ul<~u % 
t i'lglit ultrmr tllMtlU will 
5 High! frontal •mu* 

*. KUntuiklal txillv 

7. SrmJunar gAp (biAlua Hmiluiuna). 

8 .‘Vmilunar coj-ivr (mfuiuliliuluint 
11. 1'iuiiulc iinmu. 

10. JlrJtUe r»Qi list <r(l. 

11 M»1 !!<■ rural ui. 

12 Inlrrmr rvnrla 

13 MauUarr ainui 

II InfriMir nifAtuA. 

(fa.^iA Turner ) 




Mluan.l lljth up in the antrrinr tell. It should bo borne llu , „ j ,,, ,. 

T" mR " f J “ M V V "W« 1““ ">» 'Iramo^e wholly. „ 

ths action of the ciliated epithelium Iiuin s theiasity. The cilia ,ork tou i'oU tl 
o-tmm. and if they ate d.mu^-,1 deetrojed by suppuration ,he 

the prou'v* of natural drainage is markedly inhibited. 


4738 


POST-GRADUATE SURGERY 


A. Acute Inflammatory Affections of the Accessory 
Nasal Sinuses 

These are characterised by an acute inflammation of the mucous 
membranes lining the paranasal sinuses, and this leads to the pouring 
out of an abundant secretion. The secretion is at first mucoid in 
character, but may later become muco-purulent or frankly purulent, 
and may then undergo retention in the affected sinus. 

Acute sinusitis is almost invariably an extension of an acute rhinitis, 
and is especially liable to occur during the course of acute specific 
fevers, particularly influenza. It is also obvious that an exacerbation 
of a chronic sinusitis will frequently give rise to an attack of the acute 
variety. 

Another source of infection, which of late years has been held 
responsible for many cases of acute sinusitis, is the water in the swim- 
ming-baths which now abound throughout the country ; the increased 
incidence of these infections during the summer months has certainly 
been most striking 


Amongst other causes may be inentioucd injuries to the sinuses, atrophic 
rhinitis, tubercle, syphilis (now much rarer than formerly), the presence of a 
foreign body in a sinus, and infection following intra -nasal operations, especially 
in those cases where prolonged nasal packing has been necessary. 

In the case of infections of the maxillary antrum one of the most 
important predisposing causes is dental or peri-odontal suppuration. 

It should be remembered that one sinus may be acutely infected by 
pus which passes into it from another sinus. 

Pathology. 


The primary pathological changes are merely those which occur ill 
acute rhinitis; in fact, acute sinusitis is simply an extension of the 
, , t0 * hc muc0!al lm ™g °f the sinuses. The mucous membrane 

cl 1,1,™^ em atons, and throws out excessive secretion ; subsequent 
the sin.,, ° a """“"feeble extent upon whether the ostium of 

Mee „„ i' COmOS S ° ° bStn,Ct€d 38 to drainage. If the 

£ " T 7 T'T the cUiaI >' “ ctio " be paralysed, and 

dramage may thus be further interfered with. 

aud the ont' 011 ° CCt I Ki ’ " H ' mucous membrane over the middle turbinal 

<“• or th r 

into the nasal cavity antrUm ’ ° r ot the ethmoidal CellS ' 

to riidt;::: ->• t 

ema, out these signs are seldom present 
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where the maxillary sinus is involved. Should externa! redness and 
swelling of the cheek be present, a dental rather than an antral sup- 
puration may be suspected. 

Symptoms. 

These are similar to those of a severe “ cold in the head,” but the 
occurrence of a rigor at the onset raises the suspicion of the involvement 
of the sinuses. 

Acute catarrhal inflammation of the frontal sinus or of the anterior 
ethmoidal cells causes a dull supra-orbital headache, a feeling of heavi- 
ness in the head, and tenderness on palpation beneath the supra-orbital 
ridge. Neuralgia of the check and the teeth is frequently complained 
of when the maxillary antrum is acutely inflamed. 

Once the ostium of a sinus becomes blocked the symptoms increase 
in intensity. Nasal obstruction is very marked, the no»e may feel 
distended as if it is about to burst, headache is intense, and superficial 
tenderness over the affected sinus is greatly increased. When the 
sphenoidal sinus is the seat of acute infection the headache may be so 
severe as to simulate the onset of meningitis. Sphenoidal headache is 
usually referred to the occipital region, and tenderness over the mastoid 
process is commonly present. 

If “ closed ” sinus suppuration occurs, there is further exacerbation 
of the symptoms, associated in some cases with the appearance of red- 
ness, swelling, or even a superficial abscess over the affected sinus. 

Unless appropriate treatment is adopted, the symptoms persist 
until the fluid, muco-pumlent or purulent, finally makes its escape 
through the natural oi>ening. When, however, the fluid fails to escape 
by this means, an abscess of the sinus may result, which may either 
burst through its bony wall, or cause other serious complications. Many 
cases have been reported of orbital cellulitis and abscess, spreading 
osteomyelitis of the frontal bone, septicaemia, and such intra-cranial 
complications as meningitis, extra -dural and cerebral abscesses, and 
infective thrombosis of the cavernous sinus. 

Fortunately, however, acute sinusitis tends to resolve completely 
if appropriate treatment be given ; but it must be remembered that 
repeated attacks of acute sinusitis are the most jx>tent a-tiological factor 
ui the causation of chronic infection of the sinuses. 

Diagnosis:. 

The o< currence of severe headache, or of facial neuralgia, in the 
presence of an acute rhinitis should suggest involvement of the sinuses, 
and the probability is increased if a unilateral nasal discharge ta present. 
In many cases, however, the jutient is confined to Inti, and the* discharge 
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then tends to flow backwards into the nasopharynx. A careful 
examination of the nose and post-nasal space, assisted by tra ns- illumina- 
tion of the sinuses, will usually lead to the making of a correct diagnosis. 
If the patient is seen only in the later stages, when serious complications 
have already appeared, the presence of the primary sinusitis is apt to be 
overlooked. 

TreaimeiJ 


The ordinary therapeutic impure- applicable to the treatment of 
acute rhinitis mu-t lx* promptlv adopted, hut it is also necessary to 
attempt to promote drainage of the sinuses A nasal spray of cocaine 
and adrenahn. and inhalation* of the \apour of menthol in Friar’s 
balsam, ha* e proved most b* nefi« ial m relieving the pain and encourag- 
ing the escape of *e< ret ion.* fr^m the 'inus*s. X.ual douches are at once 
useless and dangerou* but I haw obtained excellent results from 
packing the nasal cav iti**> with pledgets of cotton wool soaked in 20 per 
cent argyrol. One such pied net is inserted as far as possible into each 
of the three meatus*-* on each sde of the nose, and allowed to remain 
in position for twentv n.inutes Their removal is followed by a copious 
flow of secretion, which may U evacuated from the no=e' by gentle 
blowing, or by the use of a 'uitahle suction apparatus. 

Applications of drv or moist heat to the forehead and nasal bridge 
have also proved of great value, and special radiant heat baths give 
magical relief mu-nain cases 

These measures are especially effective in the treatment of acute 
ntal smuatii, and the pendulum has at present definitely strung 
r !>, eon-ervative " treatment of this condition. At a recent 
eetm„ of the Laiymgologrcal Section of the Koval Society of Medicine 
n0tIC “ bl<! ‘f " lay down with the " Iambs,” 

fontM*rmnri ™T CO,,llemned • ictive interference in acute 

“f ** * noa * c °utpbcatioas threatened or were present. 
If. however, the above treatment fails to give complete relief and 

zxTrrr ? ^ ****** *» out srss 

and although thi- „ * natural opening is difficult and uncertain, 

books I have ^ commended in several text- 

.WhLtnd r '° *“* !t access. On 
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The water invariably use^ a ct-nlnkt- i • l - 
bat m.ifiy ^umpr-.n- nr , / , Lichwitz trocar and cannula, 

many surgeon, prefer a curved model such as that of Mvlcs. 



NOSE 


4741 


Exploratory Puncture and Lavage of the Antrum. 

Local anaesthesia is first established by pushing under the inferior 
turbinal a carrier, round the end of which has been twisted a wisp of 
cotton wool impregnated with a 10 per cent solution of cocaine and 
adrenalin. This is left for ten minutes in contact with the outer nasal 
wall just below the attachment of the inferior turbinal. The carrier is 
withdrawn, a nasal speculum inserted into the nostril, and, under good 
illumination, the trocar and cannula is passed into the nose. The 
sharp end of the trocar is next pushed up under cover of the inferior 
turbinal until it reaches the outer nasal wall immediately below the 
turbinal attachment, about i-inch from its anterior end. The handle 
of the instrument is then carried towards the opposite nostril so that 
its point is directed upwards, outwards and backwards, in a line with 
the outer angle of the orbit. The speculum is now removed, the 
patient’s head steadied with the operator’s left hand, and the trocar 
firmly and quickly pushed through the antral wall. In the majority of 
cases the bone in this situation is thin and easily perforated, but if the 
point of the trocar is placed too far below the turbinal attachment 
it may be impossible to penetrate the thicker bone which is here 
encountered. Should this occur, the point must be slightly with- 
drawn and reapplied just below the attachment of the turbinal. 
It is essential that the patient’s head be kept erect during this 
procedure. 

The antral wall having been punctured, the trocar is withdrawn, 
and in some cases pus may at once flow out through the cannula. 
Lavage of the cavity is now carried out with the aid of a 20 cc. Record 
or a Higginson syringe. The advisability of having the cannula of such 
a bore that an ordinary Record syringe fits snugly into it has already 
been mentioned. Lavage is continued until the fluid returns clear. 
During the syringing the patient should bend his head forwards and 
pant through the mouth ; by this means lie avoids getting the fluid 
“ down the wrong way.” The syringing must at first be very gentle, 
for if the ostium be partly blocked the introduction of more fluid into 
the cavity will cause severe pain. 

During the lavage a careful watch must he kept to ensure that no 
swelling of the cheek or orbital tissues occurs. 

In many cases a single puncture and lavage will clear up an acute 
infection of the antrum, but it is sometimes necessary to repeat the 
operation several times at intervals of 24-48 hours. Where such 
measures do not effect a cure the antrum must be opened and drained, 
as will be described later, 
vox- in. — 2 p 
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drain the sinus, cither through its natural opening or by means of an 
external operation. After the induction of local anaesthesia a special 
frontal cannula is inserted gently into the nose, and an attempt made 
to pass it through the fronto-nasal duct into the sinus. If the 
cannula be successfully passed, the sinus is then inigated. Unfor- 
tunately, this manoeuvre is rarely possible unless the anterior third of 
the middle turbinal is first removed, and the agger nasi and some of 
the fronto-nasal cells arc scraped away. It is obvious that, in the 
presence of acute inflammation, such measures may lead to severe toxic 
absorption from the raw surfaces which are thus opened up ; more- 
over, the resultant reactionary swelling will probably cause worse 
obstruction than before. Although many surgeons have advocated this 
form of treatment, it appears to the writer that it is contrary to the 
cardinal rules of surgery, and there is no doubt that many serious and 
even fatal complications have followed its performance. 

Should superficial abscesses form, it will be necessary to carry out 
one of the external operations which will be described under the treat- 
ment of chronic frontal sinusitis ; Howarth’s operation, or some 
modification thereof, has proved of particular value in such cases. 

Ethmoidal Cells and Sphenoidal Sinus. 

The diagnosis of acute suppuration of these cavities is often diffi- 
cult, although occipital headache suggests the presence of sphenoidal 
inflammation. If suppuration in the frontal and maxillary sinuses can 
be excluded on examination, it is possible to explore the ethmoidal 
cells with a Hajek hook after removal of the anterior third of the 
middle turbinal, whilst puncture and lavage of the sphenoidal sinus 
may be carried out with a suitable trocar and cannula. It is usually 
necessary to remove the posterior half of the middle turbinal in order 
to gain the required access for this procedure. 

B. Chronic Infections of the Accessory Nasal Sinuses 

Here the mucous membranes or even the bony walls of one or more 
of the accessory nasal sinuses arc the seat of a chronic inflammatory 
process, and a purulent discharge is produced. In this way an 
“ empyema ” of the sinus results, and three common varieties of these 
empyemata have been described : 

(1) “ Open ” empyema, where the ostium is patent, and the pus 
can escape into the nose. 

(2) “ Closed ” empyema, where distension occurs owing to blocking 
of the ostium, and the purulent discharge does not drain into 
the nasal cavities. 
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(3) “ Alternating ” empyema, where drainage from the ostium 
occurs only at intervals, and pus accordingly may or may not 
be detected in the nose or naso-phar/nx. 

Chronic sinusitis usually results as the sequel to an acute sinusitis 
which has failed to resolve completely, particularly if the infection has 
been of the influenzal type. If the infection has been so severe as to 
cause destruction of the cilia of the mucosal lining, it is apparent that 
the supervention of chronic sinusitis is more likely to occur, whilst if 
bony changes have ensued its onset is almost certain. 

The other predisposing causes of acute sinusitis may, of course, 
lead to the chronic form; and in the case of the maxillary antrum, 
dental infections are common precursors. 

It must be borne in mmd that the antrum may be full of pus, yet 
its mucous membrane be healthy ; in such cases it is merely acting as 
a reservoir for pus which has come from the frontal or ethmoidal 
regions, and has entered through the antral ostium. Should this pus 
Temain in the antrum Tot any considerable period it will finally produce 
secondary inflammatory changes in the mucosa. 

Pathological Changes 

In the affected ‘•unis the mucous membrane becomes thickened, 
and. owing to its intimate connection with the periosteum, this leads to 
periostitis and osteitis of the bony walls. As the disease progresses, the 
mucosa becomes definitely polypoid and the ciliated cells are replaced 
by cubical rm< s The osteitis usually leads to patches of sclerosis, but 
caries and nenosis are uncommon except in connection with infections 
of the ethmoidal and fronto-cthmoidal colls. If, however, they do 
occur, widespread destruction of the bony walls may ensue, and lead 
to extension of the disease to the surrounding structures. In the nose 
itself the signs of chronic rhinitis make au early appearance ; later, 
the middle turbinal becomes enlarged and polypoid, or true polypi 
occur. Pus may usually be detected in the nose or naso-pharynx, and 
the position of the pus and polypi give a valuable indication as to 
which set of sinuses is involved. 

Symptoms and Signs. 

(1) General. The symptoms vary considerably, and the degree of 
pain and tenderness depends to a great extent upon whether the ostia 
are patent or blocked. 

Aasal obstruction is almost invariably complained of, its severity 
being largely dependent upon the presence and size of the nasal polypi, 
and the amount of turbinal swelling. Nasal discharge varies greatly 
m amount and consistency, and in the case of “ dosed ” empyemata 
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may be entirely absent ; but a persistent unilateral purulent nasal dis- 
charge is strongly suggestive of infection of a sinus. In roomy noses 
crusting may occur, and conceal to some extent the existence of the 
discharge. 

Headache is a common feature, and is typically of a periodic nature. 
The patient usually wakes in the morning with a headache, which may 
increase in intensity for an hour or so until it is suddenly relieved by 
tlie escape of pus from the nose. The situation and intensity of the 
headache may give a valuable indication as to the particular sinus or 
set of sinuses involved. 

Anosmia is a not infrequent symptom, especially where multiple 
polypi are present high up in the nose. If the patient’s sense of smell 
is not affected he may be conscious of an offensive odour, or lie may 
suffer from some degree of parosmia. When crusting is present the 
feetor may be noticeable by those in close proximity to the patient. 

Aproscxia and irritability of temper are occasionally marked features 
of chronic sinusitis. 

(2) Symptoms pointing to the involvement of one or other set of 
sinuses. Infection of the anterior set of sinuses usually leads to the 
appearance of mucosal swelling and polypi round the anterior third of 
the middle turbinal and in the vicinity of the uncinate process. Dis- 
charge may be detected under the middle turbinal or high up in the 
middle, meatus, and such discharge tends to reappear rapidly after 
being wiped or sucked away. 

If, however, the polypoid appearance is confined to the posterior 
part of the middle turbinal, and if the purulent discharge is to be seen 
only high up in the olfactory cleft, or (on posterior rhinoscopy) along 
the upper border of tlie hinder end of the middle turbinal, it may then 
be assumed that the posterior set of sinuses is involved. It must be 
remembered that post-nasal discharge may indicate merely an antral 
infection of dental origin ; in such cases the nasal mucous membrane 
is but little affected, and the unimpaired ciliary action will tend to 
sweep any discharge from its ostium into the naso-pharynx. 

With regard to headaches, it may be taken as a rough general rule 
that frontal headaches indicate infection of the anterior set of sinuses, 
whilst occipital headaches are associated with disease of the posterior 
set. 

(3) Symptoms which point to the involvement of a particular sinus. 
An excellent “ schema ” of differential diagnosis of sinus disease will 
be found in Ballenger’s text-book, Diseases of the Nose, Throat and Ear, 
but it is too lengthy to be included here. 
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In infections of the maxillary antrum, neuralgic pain may be com- 
plained of in the cheek, the upper teeth, and in the infra- or supra- 
orbital regions. Its intensity depends on several factors, and 
particularly upon the amount of retained secretion and the degree of 
chronicity of the inflammatory process. 

Direct tenderness over the antrum is not commonly found ; if 
present, it is usually to be detected m the vicinity of the canine fossa. 

Refened pain is more frequently present, and may be elicited at 
the side of the nose, over the malar bone (particularly just in front of 
the tcmporo-mandibular articulation), and in the supra-orbital region. 

Discbarge may vary considerably in amount, and in the case of 
dental infections may be discovered only by rhinoscopic examination 
of the post-nasal space If the dischaige is definitely increased on 
bending the head forwards and to the opposite side, suppuration of the 
maxillary antrum is to be suspected. 

Frontal Sinus. 

Pain is here a ficquent symptom, and is often periodic in nature. 
The presence of frontal pain on awakening, and its relief only after a 
flow of pus from the nose, aie highly suggestive of frontal sinus sup- 
puration. The pain is distributed over the supra-orbital, frontal and 
vertical regions. It must not be forgotten that similar pain may be pro- 
duced. in the absence of any infective process, by the pressure of an 
enlarged middle turbinal against a high septal deflection. Direct 
tenderness may often be elicited in the angle between the nasal bone 
and the orbital plate of the frontal, and persistent tenderness in this 
aiea is a very valuable diagnostic sign ; care, however, must be taken 
not to apply the pressure over the supra-orbital notch, lest supra- 
orbital neuritis be mistaken for frontal sinusitis. 

Referred tenderness may be present over the side of the nose, the 
supra-orbital and fioutal regions, and the vertex of the skull. 

Discharge may be a prominent feature, and is usually more con- 
tinuous and profuse when the patient is sitting or standing. In cases 
of “ open ” frontal empyema the pus tends to reappear almost 
immediately after it has been wiped away from the middle meatus. 

Ethmoidal Labyrinth. 

Disease of the ethmoid is nearly always closely associated with 
frontal sinus suppuration, but occasionally only the agger nasi or the 
anterior middle turbinal cell may be involved. ° 

Pain is usually not a marked feature unless there is coexistent 
frontal sinusitis, but there may be a dull aching and a feeling of fulness 
between the eyes and above the root of the nose. 
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Multiple polypi arise in the vicinity of the anterior third of the 
middle turbinal, and (edematous granulations are frequently found 
over the uncinate process. 

Discharge may be profuse, and is often seen exuding between the 
polypi ; it tends to reappear rapidly after being wiped away. 

Infection of the posterior cells alone is rare, and in most cases there 
is coexistent disease of the anterior cells or of the sphenoidal sinus. 
Onodi and others have shown that in a large proportion of cases 
one or more of the posterior ethmoidal cells may open directly into the 
sphenoidal sinus. 

The symptoms arc usually rather obscure, but aprosexia, deep- 
seated pain behind the eyes, and visual disorders may occur. 

Pus may be seen in the olfactory cleft, or in the vault of the naso- 
pharynx, where it courses over the upper border of the posterior eud 
of the middle turbinal. 

Sphenoidal Sinus. 

Pain is not invariably present, but not infrequently the patient 
complains of occipital headache or of retro-ocular pain. 

Posterior rhinoscopy may reveal redness and swelling of the mucous 
membrane high up in the uaso-pbaryngeal vault, and the presence of 
crusts on the posterior end of the middle turbinal. 

Where an empyema of the sinus exists, pus may be withdrawn 
after the introduction of a sphenoidal trocar and cannula. 

If the sinus becomes acutely distended with pus, severe headache 
will result and serious ocular complications may eusue. 

COMPLICATIONS OF PARANASAL SINUSITIS 

Complications are numerous, and may be of mild or extremely 
serious import. 

Those due to septic absorption by the blood or lymph stream, or 
by the passage of the discharge into the alimentary canal or the air- 
passages, are : 

Anaemia and general debility ; sub-acute or acute rheumatism ; myo-, peri-, 
or endo-carditis ; tonsillitis ; recurrent attacks of facial erysipelas ; dyspepsia, 
anorexia, and gastro-enteritis ; chronic inflammation of the pharynx, larynx, 
trachea, and the bronchial tubes, with occasional acute exacerbations ; Eustachian 
and middle ear catarrh, with tinnitus and vertigo ; suppurative otitis media ; 
ocular disorders such as retro-bulbar neuritis or iridocyclitis, resulting from 
prolonged septic absorption. 

Secondly, there are numerous complications which result from 
direct local extension of the disease to the neighbouring structures. 
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Erosion of the bony walls may lead to superficial or deep-seated 
abscesses, of which a common example is the orbital abscess, whilst 
suppuration in the frontal sinus or the ethmoidal labyrinth may result 
in a spreading osteomyelitis of the frontal bone. Such osteomyelitis 
tends to spread over the vault of the skull, and, owing to the likelihood 
of the supervention of meningitis, the mortality is extremely high. 
An excellent and classical account of this condition and of its trcatr 
ment has been given by Dan McKenzie m the Journal of Laryngology 
and Otology, 1913, xxviii, 6. and 1927, xlii, 293. The incidence of 
osteomyelitis after operative interference upon the frontal sinus has 
been alarmingly high, and has undoubtedly been largely responsible for 
the modem adoption of conservative measures in the treatment of 
acute frontal sinusitis. 

The intra-cranial complications are unfortunately only too common, 
and are generally of very grave import. The principal ones are : 

(1) Cavernous sinus thrombosis. This is usually secondary to 
sphenoidal suppuration, and is almost invariably fatal. It is character- 
ised by proptosis, conjunctival chemosis. paralysis of the orbital muscles, 
and fixation of the eyeball. 

(2) Extra- or ultra-dural abscesses in the frontal lobe. These 
usually anse as a result of erosion through the posterior wall of the 
frontal sinus, and may be single or multiple. 

(3) Meningitis, which is commonly due to ethmoidal infection 
passing up through the cribriform plate, but which may, as stated 
above, follow a spreading osteomyelitis of the frontal bone. 

Ocular Complications. 

In addition to those which have been already mentioned, many 
other ocular disorders have been described in connection with sinus 
disease. Thickening of the orbital periosteum, due to direct inflam- 
matory extension from the sphenoid or posterior ethmoidal cells, may 
be the cause of persistent mdema of the eyelids, and muscular asthen- 
opia and loss of accommodation may result. Other disorders for which 
sinusitis has been held responsible arc conjunctivitis, keratitis, scleritis, 
choroiditis, iridocyclitis, and retro-bulbar and optic atrophy. Of these 
complications the most important are those which affect the optic nerve. 
It is well known that this nerve is peculiarly susceptible to the action 
of toxins and the intimate anatomical relationship of the posterior 
ethmoidal cells and the sphenoid to the optic nerve enables one to 
realise with what ease infection may pass from these structures to the 
nerve sheath. 

In acute optic or retro-bulbar neuritis there is loss of vision, and 
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often some difficulty in moving the eyeball. The commonest visual 
symptoms arc dimness of vision, a central scotoma for colours, enlarge- 
ment of the blind spot, and contraction of the visual field. Examina- 
tion of the fundus will reveal inflammatory swelling around the optic 
nerve, and engorgement of the retinal veins. 

It should be remembered that operations upon the sphenoid and 
the posterior ethmoidal region may be followed by partial or complete 
blindness, and the proximity of these cells to the optic nerve should 
ever be borne in mind. 

Diagnosis. 

It is obviously vitally important not only to diagnose the presence 
of sinus suppuration, but also to determine which cavity is affected. 

A careful and detailed consideration of the signs and symptoms 
detailed already will lead to a correct and accurate diagnosis in the 
majority of cases ; but we have, in addition, two valuable aids to diag- 
nosis in the form of trans-illumination and skiagraphy of the sinuses. 
The primary importance and value of clinical diagnosis must not, 
however, be under-estimated. 

Tram-illumination in Antral Disease. 

This consists in introducing an electric light into the mouth, and comparing 
the degree of intensity with which it is transmitted through the two sides of the 
face. The findings are not completely trustworthy, hut it may be generally 
stated that, in the presence of unilateral nasal discharge, diminution of the 
amount of transmitted light through the affected side is strongly suggestive of 
the presence of antral suppuration. 

Where bilateral infection is suspected, the probability of its presence is 
strengthened if both sides are dark on trans-illumination, but it must be remembered 
that some antra will not light up clearly even though exploration may later show 
them to be quite healthy. 3 laay observers pay little attention to the findings by 
trans-illumination, and state that antra which contain pus will light up as brightly 
as normal antra ; in no adult case which has come within the writers limited 
experience ha3 this statement been confirmed. It is, however, well established that 
where an antral cyst or a choanal polypus is present the affected antrum may be 
brighter than its fellow on trans-illumination, whilst a benign or malignant antral 
tumour will, of course, prevent penetration of the light. 

The technique of trans-illumination is as follows : 

The patieut is taken into a dark-room, any upper dental plate removed, and 
the lamp introduced into his mouth. It should be held strictly in the mid-line, 
and pressed against the hard palate. The patient then closes the lips firmly round 
the lamp, the light is turned on, and the degree of trans-illumination of the two 
sides is carefully compared. The chief points to be noted are : 

(1) The presence or absence of the infra-orbital " crescent ” of light. 

(2) Whether the light shines through the conjunctiva when the lower lid is 
turned down. 

in. — 2 p* 
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(3) Whether the light glows through the pupils. 

(4) Whether the patient can detect the turning on and off of t lie light when his 

eyelids arc closed, and whether the sensation of light is equal in both eyes. 

When pus is present in the antrum, the cheek on the affected side is almost 
invariably dark on trans-illumination, hut it must not be forgotten that the trans- 
mission of the light may be prevented merely by the thickness of the bony wall. 
WTierc the mucous membrane of one antrum is swollen, a marked difference in 
the penetration of the light may he repealed by diminishing its intensity. 

Trans-illumination of the frontal sinuses u less trustworthy from a diagnostic 
pomt of view, but if both sinuses light up brilliantly the inference is that they are 
healthy 

Trans-illumination of the ethmoids u, of less practical value, hut some informa- 
tion may be gained by placing the light ou the cheek below - the inner orbital angle, 
and noting the intensity with which it penetrates to the hard palate on each side. 

The writer would stress the importance of trans-iUuminating the antra in all 
children from whom it is proposed to remove the tonsils and adenoids. Sinusitis 
in children is undoubtedly more common than is generally supposed, and a con- 
siderable proportion of the disappointing results w Inch follow the removal of tonsils 
and adenoids is certainly due to the presence of an unsuspected sinusitis. 

SINUSITIS IN CHILDREN 

It will not here be out of place to discuss shortly the problem of 
sinus infections in children, a subject to the importance of which 
Coffin first called attention. 

The development of the paranasal sinuses in the child shows marked 
variations both as to size and time of appearance, hut, as a general rule, 
the ethmoidal cells are the only ones which are invariably present at 
birth. The maxillary antrum is usually present on the nasal aspect of 
the orbit, but the froutal sinus is represented by a cell in the upper 
ethmoidal region. The sphenoidal sinus is seldom recognisable at this 
stage, but becomes so within two to three years after birth. By the 
time the child attains the age of six or seven years the maxillary antrum 
has developed in an outward and anteio-inferior direction, and the 
frontal sinus cell lias extended upwards into the vertical part of the 
frontal bone. 

In view of the fact that adenoids are so frequently present in early 
childhood it is not surprising that the chronic catarrhal condition caused 
by the adenoids invades the membranes which line the sinuses. The 
consequent blocking of the ostia may then lead to suppuration, particu- 
larly after infection during the course of one of the acute specific 
fevers. The presence of the enlarged adenoid pad inhibits such acts 
as sniffing and nose-blowing, which are nature’s normal means of 
clearing the nose and sinuses. 
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The ethmoidal cells arc commonly affected, but in the great majority 
of eases they recover after the adenoids have been removed ; infections 
of the maxillary antrum arc by no means rare, but the sphenoid is 
seldom involved. 

Symptoms. 

Nasal obstruction and discharge arc almost always present, but 
it must be remembered that the discharge may be entirely post-nasal, 
and that in young children the commonest cause of a unilateral nasal 
discharge is the presence of a foreign body in the nose. Gastro-intestinal 
disturbances and attacks of pharyngitis and bronchitis arc common 
symptoms, but, as in the case of adults, visual disorders may occur, 
and any of the grave complications already mentioned may ensue. 

Diagnosis. 

Many cases of sinusitis in children are unsuspected, but even when 
one is on the look-out for the condition the diagnosis may be by no 
means easy. Good skiagrams will give valuable assistance in reaching 
a correct diagnosis, but in children trans-illumination is less trust- 
worthy than in adults, and it must be confessed that in the former an 
antrum containing pus may light up quite brightly. 

Treatment. 

It is obvious that the removal of any adenoids is an important and 
integral part of the treatment of infections of the sinuses in children. 
In acute maxillary sinusitis it may be necessary to puncture and wash 
out the antrum ; in children under the age of four years it may be wiser 
to puncture above the middle turbiual, as the antral floor is well above 
that of the nasal cavity. 

The surgical treatment of chronic sinusitis will be described later, 
and these operations may have to be performed upon children. In 
the latter, however, one is loath to carry out the more radical procedures, 
whilst intra-nasal operations upon the ethmoid and the frontal sinus 
should be avoided. In the case of maxillary sinusitis good results are 
usually obtained after intra-nasal antrostomy, but an operation of the 
Caldwell- Luc type may be required to effect a cure in some instances. 

RADIOLOGICAL DEMONSTRATION OP PARANASAL SINUSITIS 

Since Killian first reported the results of X-ray photography of the para- 
nasal sinuses, skiagraphy has played an important role in the diagnosis of disease 
of the accessory nasal sinuses. In America Caldwell and Coakley developed the 
technique, whilst in this country Graham Hodgson and others have devised an 
improved technique which has given excellent results. For many years rhmolog- 
ists were sceptical, and in many cases perhaps rightly so, of the diagnosis arrived 
at by X-ray examination ; but this scepticism was due to the fact that the positions 
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adopted by the radiographer were not always constant, and it is well known that a 
skiagram taken in an incorrect position will sometimes indicate the presence of 
disease where, in fact, no such disease exists. Care and practice are required to 
read correctly an X-ray photograph of the skull from the point of view of disease 
of the nasal accessory sinuses, for there are several factors to be borne in mind. 
'When taking skiagrams of the skull the surgeon is dealing with one of the most 
complicated bony structures in the body, and multiple shadows, which differ 
widely as to size, density, and relative distance from the camera, must be thrown on 
to the single plane of the X-ray film. \s Graham Hodgson writes : “ A small 
difference, in the angle of incidence of the rays m the point on the skull over which 
they are centred, or m the positioning of the patient’s skull, w ill aw ing the shadows 
of structures a few inches away from the film through a wide arc, and cause a big 
variation in their relative positions to structures closer to the film. Hence the 
absolute necessity for talcmg the skiagrams at constant and standardised angles for 
every patient's skull, irrespective of individual differences in shape, for exact 
centring and angulation of the tube and for taking several views from different 
standardised angles. In the majority of text-books dealing with the subject 
only three views are mentioned — a lateral view, and two other views described 
respectively as the * nose-clun ’ and ‘ nose-forehead ’ positions. These arc not, in 
fact, ‘ positions ' at all and the multiple shadows in the resulting skiagrams depend 
for their situations relative to one another on nothing more accurate or scientific 
than the widely varying facial contours of individual patients. It is hopeless 
to expect accurate X-ray foldings from such inaccurately taken X-ray films.” 

This was written in 1933, and as a result of the careful and scientific work of 
Graham Hodgson and other radiologists the position to-day is that skiagrams 
of disease of the paranasal sinuses provide rhinologists with an accurate 
diagnosis. 

Graham Hodgson makes use of six standard positions, and has designed a 
special “sinus stand” which ensures exact standardisation of the different 
positions (fig. 25G0) All the views are taken in the erect position, and at definite 
and accurately measured angles for e\ cry patient, irrespective of any difference 
in acial contour. The erect position is adopted in order to ascertain the presence 
or absence of a fluid level in the sinuses (figs. 2561-25G4). 

1, Occijnto-frontal Fietc. 


The head is grasped by the head-clamp in the bi-temporal diameter and the 
clamp is so adjusted that the antero-postenor diameter of the skull is perpendicular 
If 6 i ’ i , 6 aD “ e rea d °ff on the dial. An imaginary line jo inin g the 
external auditory meat™ and the outer caothus of the eye, the “ orbito-meatal 
(Z' • ‘,T of " that it also Is perpendicular to the 

S.;, “° trci W- «*• external occipital pro- 

tnberance and the exposure made. A typical result is shotm in figure 2556. Tire 

nlctatT nl u th, °' m " cI1 al ”™ 'be antra lathis position. The 

52 "T T'’ " ™ t 5W tto “»">• but to demonstrate 

It a I ” “>■ “ bn T“‘ ° I “ Cit > r 0f tt e ethmoidal labyrinth or of the 
.phenor dai .m nsea On either side of the perpendicular plated the ethmoid 

imposed shadowsof tit t ^ au ^ a P ac es in this position consist of the super- 
» f ‘be antermr and posterior ethmoidal cells and the sphenoidal 
sinuses from before backwards, and normally they are clear. 
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2 Occipilo-mental Viej?. 

Id this view tlie head.'stil! grasped in the hi-temporal diameter, is so adjusted 
that the orbito-meatal line subtends an angle of 15 degrees to the film, this angle 
being open towards the feet. In this position (see fig. 2557) the petrous lioncs are 
seen to be thrown clear below the antra, thereby giving an unmolested view of 
these sinuses. The anterior ethmoidal cells are thrown clear of the posterior group 
of sinuses, and the frontal sinuses are well shown 

3 Vertico-mental View. 

In this position the patient extends the head as far hack as possible on the neck. 
There can obviously be no constant angle through w hicli all patients can extend 
the head, but this is compensated for by so tilting the tube that, whatever this 
angle may be, the central ray is constantly vertical to the patient’s vertex. This 
view (see fig 2558) demonstrates will the sphenoidal sinuses. 

4. Right Ohhque Vteu 

The head, still grasped in the clamp, is rotated through an angle of 30 degrees, 
the occiput moving towards the right The chin is then depressed until the orbito- 
meatal line is at 35 degrees, the tube being centred just behind the left mastoid 
process. This view throws the shadows of the right posterior ethmoidal cells, and 
incidentally the right optic foramen, into the shadow of the right orbital cavity. 

5 Lcjl Oblique 1'icir 

This corresponds to the preceding view, except that the occiput is here 
rotated through 39 degrees to the left, thereby showing the left posterior ethmoidal 
cells (see fig 2559). 

C. Lateral View. 


This is an ordinary lateral view of the sella turcica and the accessory nasal 
sinusis, and is useful in cases of congenital absence of one or both frontal sinuses, 
and in cases uhere one or olber antrum is poorly developed, mill thick bony 
nails, and is consequently more or less opaque in the anterior lion. The lateral 
view throw into relief the thick bony nulls, and thus clears up the cause of the 
opacity. Furthermore, m this Time the it.lteal aud antero-posterior depths of the 
frontal sinuses are shorn., and the presence of ftonto-ethmoidal cells and then 
relatien to the infundibulum arc clearly demonstrated. In addition, an enact idea 
toeiea devclo P m ““ ° r sphenoidal sinus and of the sella 


In certain cases I hate found that stereoscopic vicna have riven valuable 
Information .here there has been difficulty in eiiritul dia™ls >Cr mrMa, 

iS S r y “r.:^f “‘„ P e llXfi,"' 6 A practical 

ordinary film a semi-stereoscopic effect u,U hepn)ducinf 1U ^’ 11 '* ° kSS 'ueiv an 
lu recent years many observers, notably A W Pr^t-, l i r 

iodised oil nm! ~.i:„ . •> A - vroetz, have made use of 

disease. A full description Tth” methlri emuto S " ph / °/ P araIla8al '““f 

neinph™ Mum of Sinn, ^ * 

in skiagraphy onhe^inus^ 13 It LtlteW “Sm mZT Z'"’ mel “ 

but others declare that, if the time snont , } perf ” vld supporters, 

lipiodol Merc occupied in studying a uel -taken fib ° E ?' ! ‘"“T, 1 a .° d 
this fieid of work, an equa, atnUt 
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every ease. (W. V. Mullin, New York Slate Journal of Medicine, 1930, XXX, 
1280.) Jt. Graham Brown considers that the results obtained by use of iodised 
oil and other radio-opaque emulsions are unsatisfactory, and do not compare 
favourably with those given by the simpler method. The probability is that the 
procedure may have some additional valuo in skiagraphy of the sphenoidal 
sinuses, whilst in such conditions as a septate antrum it will give information 
unobtainable by simple X-ray examination. 

The writer makes no apology for discussing at such length the subject of 
radiological examination of the paranasal sinuses ; with modem methods the 
results obtainable aro an invaluable aid to correct diagnosis, and no operation on 
the sinuses should be undertaken until skiagrams of the part to be operated upon 
have been carefully studied by the radiologist and the surgeon. 



CHAPTER VIII 

Operative Treatment of Chronic Sinusitis 

A. Operations upon the 31 axillary Antrum 
The technique of puncture and lavage of the maxillary antrum has 
already been described in the chapter upon acute frontal sinusitis. 

Puncture though the Alveolar Border was at one time extensively 
practised, but has now been largely superseded by intra-nasal antro- 
stoiny, or by operations of the Caldwell-Luc or Canfield type. It is, 
however, of some value where the antral suppuration is accompanied 
by bad dental caries, particularly if the teeth appear to be the probable 
cause of the infection of the antrum ; a short description of the 
technique will therefore be given : 

After removal of the first upper molar (uuder gas or general anaes- 
thesia) an antral drill is introduced into the socket of the medial fang, 
and pushed upwards and slightly inwards with a rotatory action until 
it enters the cavity of the antrum. Care should be taken to prevent the 
drill entering the cavity with a sudden jerk, lest the floor of the orbit be 
injured ; if the shaft of the drill is steadied with the forefinger of the 
left hand this accident will be avoided. Should the drill be pointed too 
far inwards the outer nasal wall may be penetrated. When the antral 
cavity li3S been opened it may be irrigated by means of a special cannula 
attached to a Higginson syringe. In many cases the lavage must be 
far y&sx, wi mwfd ca, vtA Wit paVteift, can, as a 

rule, quickly learn to do this for himself. To prevent too early closure 
of the opening, a plug or tube is inserted, and is removed prior to each 
irrigation. In certain cases the opening may be made through the 
socket of the second bicuspid or the second molar ; in the first instance 
the drill must face slightly backwards as well as upwards and inwards, 
in the second a slight forward direction should be given. 

Alveolar drainage is particularly suitable for elderly patients, in 
whom the shock of a more radical operation is undesirable ; but in 
younger patients, where repeated irrigations have failed to effect a 
speedy cure, it is preferable to undertake more extensive measures. 

Drainage though a Permanent Intra-nasal Opening. If the antral 
mucous membrane has not been too seriously damaged this operation 
1756 
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gives most satisfactory results ; it is much simpler to perform than the 
Caldwell-Luc operation, there is no interference with the descending 
branches of the infra-orbital nerve, infection of the cheek does not occur, 
and the possibility of the formation of an antro-buccal fistula is avoided. 

The operation may be performed under local anaesthesia alone, but 
in this country a general ansesthetic is usually administered. In the 
latter case the pharynx and naso-pliarynx are packed off. Under 
good illumination the anterior third of the middle turbinal is removed, 
or an inverted V-shaped wedge cut out of the inferior border about half 
an inch behind its anterior end. Many operators consider that partial 
inferior turbincctomy predisposes to a subsequent atrophic condition ; 
they therefore gain access to the outer antral wall by dislocating 
the inferior turbinal inwards towards the septum, and replacing it when 
the antral operation has been completed. 

A Tilley harpoon, or a Myles retrograde chisel (see fig. 2537), is then 
introduced along the floor of the nose, and the point is turned outwards 
and firmly pushed into the antrum just below the attachment of the 
inferior turbinal. The barb of the harpoon pulls out any broken pieces 
of the bony antral wall when the instrument is withdrawn into the nose, 
and thus prevents these fragments from being pushed into the antmm 
and acting as foreign bodies. Special care must be taken to ensure that 
no semi-detached bony fragments remain, for they may later tend to 
cause a rapid closure of the opening. After the withdrawal of the 
harpoon the opening is further enlarged by means of a Tilley (or 
similar) burr, and may be extended in anterior and posterior directions 
with Ostrnm forceps (see figs. 2533 and 2534). The final opening 
should extend to the floor of the nose, and should be large enough to 
permit the easy insertion of the forefinger. 

The operation is followed by a considerable degree of swelling of the 
nasal mucous membrane, and if the septal mucosa has been damaged 
it is probable that adhesions will form. In order to avoid this, I 
insert a piece of rubber dam against the septum during manipulations 
with the harpoon and burr, or insert a long speculum so that one blade 
lies along the lower part of each side of the septum. Owing to the post- 
operative swelling it may be impossible to irrigate the antral cavity 
for the first 24—48 hours, but after this a special cannula can be intro- 
duced into the opening and lavage of the antrum carried out. In the 
majority of cases the patient quickly learns to insert the cannula and 
irrigate his own antrum. 

Intra-nasal antrostomy gives excellent results in cases where 
bony disease or excessive polypoid degeneration of the lining mucous 
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membrane is absent ; in tbe majority of cases it is worth while giving 
the patient a chance with this operation, and opening the canine fossa 
only where the suppuration is not thus arrested. 

Caldiccll'Luc Operation. 

This operation consists in opening the antrum through the canine 
fossa, removing the diseased antral mucous membrane, and making a 
lar<re counter-opeuing into tbe inferior meatus of the nose. It is 
indicated in those cases where the simple intra-nasal operation has failed 
to effect a cure, or where disease of the bony nails of the antrum or 
markedly polypoidal degeneration of the lining membrane exists. The 
writer has found it necessary to perform this operation in several cases 
of maxillary sinusitis of dental origin, even where no marked degenera- 
tive chau^es in the mucous membrane were discovered at the time of 
operation. The Caldwell-Lut procedure causes considerable shock, 
particularly in elderly patients , it also has the following disadvantages : 

(1) A cellulitis of the cheek may occur as a result of leakage of the 
infected discharge through the canine fossa opening. 

(2) A fistulous opening may persist between the antral and buccal 
cavities ; this may lead to constant re-infection of the antrum 
from the mouth 

(3) Damage may be done to tbe superior dental branches of the 
infra-orbital nerve which run down the anterior wall of the 
antrum ; a troublesome form of neuralgia or dental anaesthesia 
may result. 

(4) The approach does not always gi\e good access to the anterior 
recess of the antrum, and diseased mucous membrane remaining 
in this situation may be responsible for persistence of the 
antral discharge. 

Ill order to prevent damage to the superior dental nerves different 
surgeons have suggested various modifications of the original transverse 
incision in the labio-gingival sulcus. These will be mentioned in due 
course. 

The technique of the operation is as follows : 

After preliminary local anxsthetisation of the nose a general 
anaesthetic is administered, the patient’s mouth is opened slightly with a 
gag, a sponge is placed in the buccalsulcus, and tbe pharynaTis carefully 
packed off. The upper Up and the angle of the mouth on the side to be 
operated upon are then retracted to expose the canine fossa, and an 
incision is made at the reflection of the mucous membrane from the 
alveolus to the cheek. The incision should be about one inch in length, 
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and may be horizontal in direction, or so placed as to try to avoid injury 
to the superior dental nerves (fig. 2500). The incision must be carried 
down through the muco-periosteum, which is then reflected oil the bone 
so as to expose the whole canine fossa. Care lias to be taken to avoid 
reflecting the muco-perio&teuin too far in an upward direction lest the 
infra-orbital nerve itself be damaged. A small opening is then made in 


Fig 2jGG — UWAL AND ALTERNATIVE INCISION' tor Oal&weiuI.ui. OPERATION 
I Usual incision in buccal sulcus. 

A. Allematne ccrticsl incision. 

B. Camojy's oblique incishin in the direction of the bjanclipa of the infraorbital nerrr And Ibp fibres 

of the quadratus labu eujs-riuiis muscle. 

C. lligbl-anglfd incuiDJi suggested by Mon son. 

the canine fossa with a gouge and mallet, a probe inserted to ensure 
that the antral cavity lias been entered, and the opening gradually 
enlarged by means of a large burr until the forefinger can be passed into 
the antrum (see fig. 2567). Digital palpation will reveal the presence of 
any polypi or patches of carious bone. The cavity is then mopped out 
with gauze soaked in hydrogen peroxide until all blood and discharge 
have been cleared away, and an inspection of the interior is made by- 
inserting a large aural speculum and throwing a strong light through it. 
Polypi and carious bone may be removed with forceps or by gentle 
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membrane h absent ; in the majority of cases it is worth while giving 
the patient a chance with this operation, and opening the canine fossa 
only where the suppuration is not thus arrested. 

Cahhcell-Luc Operation. 

This operation consists in opening the antrum through the canine 
fossa, removing the diseased antral mucous membrane, and making a 
la roe counter-opening into the inferior meatus of the nose, ft is 
indicated, in tho^e cases where the simple mtra-nasal operation has failed 
to effect a cure, or where disease of the bony walls of the antrutn or 
markedly polypoidal degeueration of the lining membrane exists. The 
writer has found it necessary to perform this operation in several cases 
of maxillary sinusitis of dental origin, even where no marked degenera- 
tive changes in the mucous membrane were discovered at the time of 
operation. The Cabin ril-Luc procedure causes considerable shock, 
particularly m elderly patients ; it a ho has the following disadvantages : 

(1) A cellulitis of the check may occur as a result of leakage of the 
infected discharge through the canine fos^a opening. 

(2) A fistulous opening may persist between the antral and buccal 
cavities : this may lead to constant re-infection of the antrum 
from the mouth. 

(3) Damage may lie done to the superior dental branches of the 
infra-orbital nerve which run down the anterior wall of the 
antrum ; a troublesome form of neuralgia or dental anmsthesia 
may result. 

(4) The approach does not always give good access to the anterior 
recess of the antrum, and diseased mucous membrane remaining 
in this situation may be responsible for persistence of the 
antral discharge. 

In order to prevent damage to the superior dental nerves different 
surgeons have suggested various modifications of the original transverse 
incision in the hbio-gingival sulcus. The^e will be mentioned in due 
course. 

The technique of the operation is as follows: 

After preliminary local anasthetisation of the nose a general 
amesthetic is administered, the patient's mouth is opened slightly with a 
gag, a sponge is placed in the buccal sulcus, and the pbarynx°is carefully 
packed off. The upper lip and the angle of the mouth on the side to lie 
operated upon are then retracted to expose the canine fossa, and an 
incision is made at the reflection of the mucous membrane front the 
alveolus to the cheek. The incision should be about one inch in length, 





and may be horizontal in direction, or so placed as to try to avoid injury 
to the superior dental nerves (fig. 2366). The incision must be carried 
down through the muco-periostcuni, which is then reflected off the hone 
so as to expose the whole canine fossa. Care has to be taken to avoid 
reflecting the muco-periostemn too far in an upward direction lest the 
infra-orbital nerve itself be damaged. A small opening is then made in 




Fig 2366 — L'scaj, and alternate it inoisio>* for Caldwei L-T.Vc oftration 
I Usual Incision in buccal sulcus 

A. Alternative vertical incision 

B. Carnaojy's oblique incision in (lie direction of the branches of the infra orlutal nerve and the fibres 

of the quadrat u* Jabu sujieriorig rouse le 

C. Right angled incision suggested by Monson- 


tlie canine fossa with a gouge and mallet, a probe inserted to ensure 
that the antral cavity has been entered, and the opening gradually 
enlarged by means of a large burr until the forefinger can be passed into 
the antrum (see fig. 2567). Digital palpation will reveal the presence of 
any polypi or patches of carious bone. The cavity is then mopped out 
with gauze soaked in hydrogen peroxide until all blood and discharge 
have been cleared away, and an inspection of the interior is made by 
inserting a large aural speculum and throwing a strong light through it. 
Polypi and carious bone may be removed with forceps or by gentle 
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curettage with a ring-knife, but it is important to curette only diseased 
mucosa, and not to scrape in a rough or haphazard manner. Some 
operators recommend removal of the whole of the lining mucous mem- 
brane, and state that complete lcgeneration will follow this procedure ; 
such widespread removal is, however, unnecessary save in the case of 
a veiy long-standing infection. 

The edges of the opening must be smoothed of!, and a careful search 
made to ensure that any fragments of bone which may have been driven 
into the antrum are removed. The opening should finally be of sufii- 
cient size to enable the operator to make a visual inspection of the nasal 
wall of the antrum, particularly of the ethmoidal region. Hoigan has 


Fig 2M7— Uwtii's AMRua 


called attention to the importance of dealing adequately with the in- 
lesult 6t lmoi<5al cclls orl,cr 10 a satisfactory post-operative 

The nest step consists in making a large counter-opening in the 
antro-nasal wall helow the attachment of tho inferior turbinal. This 
wa 1 is b.oken through, just above the level of the antral floor, by moans 
ininrv't ti °/ ^ ^ ou » e ’ a,K * 8 reat care uiust be exercised to avoid 

” ‘“a 31 at this time - Th ° is a-largad 

m x “ S , °T^ “ ° f S ' ,fficic " t *• “How the tip of tiro 

rir "taerted. It ,s essential to remove a corresponding 
. T 081 ’ if lcft bcMnd '«ll act as a valve and may 

edge ™thf ant ral ' lage i "’ U5t a ’ S ° makc tba ‘ the lower 

edge of the antro-nasal opening is flush with the floor of the antrum 

otherwise incomplete drainage will result. All sponged and nLryng a 
packing are now removed the snrt 1 “, b pnaryngeai 

allowed to faU together, an] the ]l“]f T*. ““ canme fcsa ara 
with two or three catgut sutures, ifa “ .i m] Ta 
is left to drain through the antro-nasal Cit] t C 7 

■nake a practice of packing the cavity 
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which is brought out through the nose. The packing serves to control 
haemorrhage, and to promote a reaction which accelerates healing ; it 
is removed at the end of 24 to 48 hours. 

After-Treatment. 

A considerable degree of swelling of the cheek and lower eyelid may follow 
the performance of this operation, but this need cause no undue alarm, and it may 
to some extent be avoided by the application of a pad and firm bandage over the 
cheek at the conclusion of the operation. Pain may be severe, and should be 
alleviated by the injection of morphia or heroin. The feeding of the patient may 
present some difficulties \ for the first few days the diet should be a fluid one, and 
should be swallowed through the opposite corner of the mouth. 

After-treatment of the antrum should be reduced to a minimum, and no 
irrigation should be performed unless there is imperfect drainage. The use of the 
naso-pharyngoscope will enable one to inspect the antral cavity and to deal w ith 
any exuberant granulations which may appear. 

The formation of crusts in the nose may be prevented by the instillation of 
oily drops containing eucalyptus or menthol. 

After-Results. 

In suitable cases a carefully performed Caldwell-Luc operation 
usually leads to a rapid and complete cure, but certain disadvantages 
which attend its performance have already been mentioned. Various 
modifications have been devised in order to overcome one or more of 
these disadvantages. Boenninghaus suggested the reflection of a flap 
of nasal mucous membrane into the floor of the antrum, to cover the raw 
lower edge of the antro-nasal opening and a portion of the antral floor. 
He hoped in this way to promote healing, but such a flap unfortunately 
tends to become infected, and is apt to swell and thus interfere with the 
free drainage of the cavity. 

In order to obtain adequate access to the anterior, or pyriform, recess 
of the antrum, Denker advised an operation whereby the opening in the 
canine fossa is extended inwards until it reaches the anterior margin 
of the antro-nasal opening. The two openings are thus thrown into one, 
and efficient exposure and drainage of the cavity are obtained. The 
disadvantages of Denker’s operation are that ; 

(1) Injury to the superior dental nerves is almost unavoidable, 
and this may later cause very troublesome neuralgia. 

(2) A large amount of bone is sacrificed, and an external deformity 
may result. 

The difficulty of dealing adequately with the anterior antral recess 
has attracted the attention of many rhinologists, and various ingenious 
operations have been devised to obtain good access to this region. 
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The Canfield operation has earned the warm support of Dundas 
Grant, and an excellent description of his modified Canfield technique 
is to be found in the British Medical Journal of November 15, 1023. 
Ballenger has also described his modification of the technique in his 
text-book on Diseases of the Nose , Throat and Ear. 

Skitter n 1 8 Operation. 

Perhaps the best of such modifications is that suggested by Skillcrn, 
who claims that it embodies all the advantages of the Denkcr and the 
Canficld-Ballenger operations. 

Skillern’s description of his operation is epitomised as follows : 

(1) The nose and vestibule arc cleansed with warm saline. 

(2) Cocaine and adrenalin anesthesia is induced over the anterior 
attachment of the inferior turbinal above, below, and in front. 

(3) A solution of 1 pei cent novocaine in 1 in 10,000 adrenalin and 
saline is injected beneath the mucosa on the nasal side of the 
pyriform aperture of the antrum, and subperiostcally on the 
facial aspect of the same structure. 

(4) A perpendicular incision is now made, commencing slightly 
in front of and above the anterior end of the inferior turbinal, 
and extending well down into the floor of the nose. This 
incision should sever all the tissues down to the bone. A second 
curved incision is then made to meet the original incision above 
and below, so as to excise a spindle-shaped piece of mucous 
membrane. 


(5) Haemorrhage is controlled with adrenalin tampons, and the 
periosteum is elevated from the crista pyriformis, both extern- 
ally towards the canine fossa, and internally towards the inferior 
turbinal, until a sufficient area of bone has been exposed. 

(6) The antrum is now attacked with a chisel having a concave 
surface. This is applied to the crista pyriformis, first above and 
then below, and the loosened portion of bone is removed with 
strong forceps. The aperture is next enlarged with a burr in 
order to obtain a smooth rounded opening. 

(7) The antral cavity is flushed out with lotion, dried with mops, 
and then firmly packed for five minutes with ribbon gauze 
soaked m cocaine and adrenalin solution 

(8) A large aural speculum is introduced into the opening, and the 

Interior of the Cavity ,s inspected for polypoid mucosa, patches 
of granulation tissue, or areas of bony necrosis. The use of a 
naso-pharyngoscope will often enable a satisfactory visual 
examination to be made. 3 
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(9) AH diseased and degenerated mucosa is removed with a curette, 
and a further careful inspection is made of the floor and the 
postcro-inferior and antero-supcrior angles of the cavity. 

(10) Finally, the antrum is irrigated, and then loosely packed with 
iodoform gauze. 

After-Treatment. 

The gauze packing is usually removed at the end of 18 to 72 hours, but it 
may be left in place for 6 to 7 days if the secretion is slight. After removal of the 
gauze the cavity is irrigated and then re-packed with iodoform gauze. This is 
repeated on alternate days for about a fortnight, at the end of which time packing 
is discontinued. Irrigations and the insufflation of iodoform powder are carried 
out at increasing intervals for the next four weeks, at the conclusion of which 
period the ordinary case will be cured. If premature closure of the opening tends 
to occur, the edges may be touched with silver nitrate or gently curetted. Onco 
the antral infection is cured the opening will gradually close. 

B. Operations upon tiie Ethmoidal Lauyrinth 

Before entering upon a description of the many ethmoidal opera- 
tions it may he well to reconsider the vital importance of ethmoidal 
infection in suppuration of the paranasal sinuses. 

Woakes first called attention to the association of nasal polypi with 
disease of the ethmoid, whilst Hajck later did much invaluable pioneer 
work on the pathology and clinical manifestations of infection of the 
ethmoidal labyrinth. 

In the Journal of Laryngology and Otology (1932, XLVII, 816) 
Tilley pronounces his dictum that the ethmoid is the “ key situation,” 
or “ cross-roads,” of the nasal sinuses, and that command of this 
position is the most important factor in a successful attack upon 
inflammation in any or all of them. He states that “ cross-roads ” 
and “ dirty work ” are proverbially associated, and that experienced 
operators will not dispute liis assertion that more deaths or serious com- 
plications have followed operations on the ethmoid cells than those on 
all the other sinuses put together. 

Every rhinologist should read, mark, learn, and inwardly digest 
Tilley’s words which are here quoted : 

“ If we bear in mind the close anatomical relationship between the ethmoidal 
labyrinth and the adjacent large air cells, its proximity to, and vascular connection 
with, the orbit and its contents, to the optic nerve, to the dural sheaths of the 
olfactory nerve, and to the meninges — we may well regard that bone with its 
honeycomb of cells (varying not only in their size, but with an almost infinite 
capacity for wandering into unexpected regions) as a structure worthy of, and 

indeed demanding, the closest and most conscientious study.” 
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He then lays down the following rules to be observed when operative 
treatment of the ethmoidal region is contemplated : 

(1) Procure effective iscluemia by the preliminary application of 
cocaine and adrenalin. 

(2) .Vs far as is possible, endeavour to see the diseased areas during 
operative manipulations. I f bleeding be so profuse as to prevent 
this, further interference should be postponed for a week or ten 
davs, when reactionary swelling and oxlenia will have subsided. 
Such reaction will be moie ob\ ious if suppuration is present. 

(3) In all ethmoidal operations the following is a golden rule: 
Strive to preserve and keep in view the attachment of the 
middle turbinal to the * lateral mass,” and to work on its 
external aspect. By -o doing sou will minimise the chances of 
damage to the cribnlorm plate, and to the dural sheaths of the 
olfactory nerse expansion*, both of which are in intimate 
relationship with the meninges 

(4) Xo packing should be placet! m the operated areas of the 
ethmoid bccau>c free and s-pontaueous drainage is the para- 
mount object aimed at Post -operative hcemorrhage is rarely 
a serious complication 

Tilley concludes his remarks upon the ethmoid with the following 
words : 


“In any operation wluch entails opening up the ethmoidal labyrinth, the surgeon 
uim.t bear in mind that its mares are intricate, and when infected by pyogenic 
organisms the accurate localisation of the extent of the disease will often tax the 
diagnostic acumen of the moat experienced rlunologist, and its treatment should 
steady the hand of the boldest operator. He who attacks inflammatory lesions 
of the ethmoid labyrinth without detailed knowledge of its onatomv and pathology 
must surely hold tery lightly the safety and sanctity of human life." 


Ethmoidal operations fall into two classes : external and intra-nasal. 
At the present time the pendulum is swinging towards external inter- 
ference, but there are still many fervid supporters of intra-nasal eth- 
moidal surgery. The animated discussion which followed Ferris- 
Smith’s lecture upon the Management of Chronic Sinus Disease- 
reported in the Journal. of Laryngology of August 1<J35— was most 
illuminating, but the lecturer’s statement, that the patient upon whom 
he had operated that morning had undergone twenty-one “ successful ” 
intra-nasal operations previously and yet had an intact sphenoidal 
sums, was a bitter commentary upon the uncertainty of intra-nasal 
surgery' of tile ethmoid. 
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In view, however, of the good results obtained by reputable and 
experienced rlunologists from intra-nasal operations upon the ethmoidal 
labyrinth, we must approach the subject with an open mind. The 
writer personally prefers the external method, but realises that such 
preference is probably caused by some fault in his technique rather 
than by any inherent defect in the intra-nasal operation as such. The 
weight of opinion is that the great majority of infections of the ethmoid 
can be cured by a carefully-planned and thorough attack from within 
the nose ; but Fcrris-Smith claims that no operator, however skilful, 
can enter all the ethmoidal cells, or safely remove the diseased tissue 
about the cribriform plate, by intra-nasal manipulations alone. 

Intra-nasal Operations on the Ethmoidal Cells. 

It is possible that in some cases the ethmoidal disease may be con- 
fined to the anterior cells, but there is usually associated infection in 
the frontal or sphenoidal sinuses, and the majority of intra-nasal 
ethmoidal operations are merely part of a more extensive interference. 
Such major measures will be described later in the appropriate chapter ; 
for the present, we will be content to deal with the ethmoidal portion 
of the operation alone. Broadly speaking, the main steps in the 
exenteration of the ethmoidal labyrinth by the intra-nasal route are : 

(1) Removal of the anterior end of the middle turbinal, and of any 
associated polypi, as described in a previous chapter. 

(2) Clearance of the agger nasi cell or cells. This is effected by 
means of a sharp spoon or a Hajek hook, pressure being 
exerted in an outward, and slightly downward and backward, 
direction. 

(3) Opening-up of the ethmoidal bulla. 

(4) Curettage of the posterior ethmoidal cells if these be infected. 

In this manner the ethmoidal labyrinth may be eviscerated from 
before backwards, and the fronto-ethmoidal cells cleared by directing 
the curette so that it cuts against the posterior border of the nasal 
process of the frontal bone. 

Mosher’s technique offers the greatest degree of safety, and for his 
intra-nasal operations on the ethmoid the writer has usually followed 
Ross Faulkner's modification of this technique. A full description is 
to be found in Faulkner’s article in The Nose, Throat and Ear, and 
(heir Diseases, edited by Jackson and Coates, but a short account is 
here given. Faulkner prefers local anaesthesia alone, and performs a 
preliminary submucous septal resection in order to provide a flexible 
septum, and thus permit of greater accessibility. 
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An incision is first made, with a small-bladcd knife, along the whole 
base of the middle turbinal, underneath and external to the body of 
the bone (fig. 256S). A clean-cut edge of mucous membrane will thus 
be left at the lower margin of the eviscerated ethmoidal area when the 
operation is finished. This will facilitate the spread of epithelium over 
the granulating surface of the os planum, and will also prevent loss of 
portions of mucous membrane over the middle meatus, winch may 
occur when pieces of the debris are removed with forceps. 

The large end of the spade curette is now placed just above the 
anterior end of the middle turbinal over the cell of the agger nasi {fig. 
2569). The upper end of the curette will be just above the level of the 
inner canthus, and if pressure is now applied directly outwards the 
curette will enter the agger cell. Its broad surface will prevent its 
being pushed far enough outward to euter the orbit, an accident which 
can easily happen with a small curette. Having penetrated the agger 
cell the operator rotates the curette on its long axis until its concavity 
faces directly backwards (fig. 2570). and tbeu pushes it back through 
the whole ethmoidal labyrinth. When the posterior cells have been 
thus traversed the curette is picked firmly downwards, and the whole 
mass of broken ethmoid cells will thus be carried down on to the upper 
surface of the inferior turbinal (tig. 2571). A pair of Luc or other 
blunt forceps is then inserted, and the mass 'is grasped therewith and 
withdrawn (fig. 2572). If the whole of the turbinal does not come 
away in the mass it is possible that a portion has been pressed back 
into the posterior part of a deep middle meatus, and a careful search 
must be made in order to remove it. In many cases it will be found 
that the curette in its backward sweep has broken down the anterior 
wall of the sphenoidal sinus ; if it has done this, so much the better. 

The large end of the ring-curette should now be inserted, and gently 
moved backwards and forwards over the broken-down area, paying 
particular attention to the cells just anterior to the fronto-nasal duct 
(fig. 2573). The small end may be used for these latter cells, and care 
must be taken to exercise pressure in a forward and downward direc- 
tion. Considerable pressure with the large ring may be used to break 
down cells just under the roof-plate of the ethmoid, and those in the 
postero-extemal angle. 


After-Treatment. 

A considerable degree of filing is almost certain to Mow the operation, 
ret f,Tl some 11 ‘™ *«*• or more before the patient begins to feel real 
\ ““"‘““O’ treatment of tiro nose should 

he as restated as pebble, but a mat cocaine and adrenalin spray adds to the 
patients comfort, and the mshllation of hydrogen perordde .tops mil help to 


Fig 2570 — Tub ctmcttb has iiiv tirne t> and is 
EltBTIMl BACKWABD PRESSURE TO BREAK DOWN TICK 
ETHMOIDAL CELLS AVD THE MIDDLE TtRBIXAL 


Fig 2J71 —The idbitte has bees messed back- 
wards asu DOW SWARDS AND IS CARRWNO THE BROKEN 
CELLS AXD THE MIDDLE TUBB1SAL BEFORE IT. 




fij 2572 . — -The mass or broken cells as 

TCRBIHAL O RASP ED BY FORCEPS. 


MIDDLE Fig 2573. — The ethmoid CURETTE is being used to 
COMPLETE THE B&EASJNQ DOWN OF THE CELLS AND 
TO SMOOTH THE BONY 


(Xlvlififd from Rots FaulLntr ) 


SURFACES 





4768 


POST-GRADUATE SURGERY 

loosen any sticky secretion. If the secretion is excessive the nose may be gently 
irrigated with, a warm alkaline lotion, hot in no circumstances must forcible 
syringing be undertaken. Exubcraut granulations may require removal with a 
curette, and if, by chance, any infected cells hare been overlooked they must 
be dealt with after the post-operative swelling lias subsided. In the majority of 
cases this procedure will effect a cure, aud the removal of the middle turbins! 
does not lead to the atrophic condition in the no >c which follows inferior turbin- 
ectomy. 

Dangers of the Operation- 

If necrosis of the cribriform plate is present, or if this region is 
penetrated by the curette during the operation, meningitis is very 
liable to occur, and almost invariably piovcs fatal. It is, therefore, of 
the utmost importance to opeiate only with the best possible visibility, 
to avoid upward and inward provim* with the curette, and always to 
keep the attachment of the middle turbinal in view. In some cases 
the onset of the meningitic \\ mptoms may be delayed for as long as 
two or three weeks after the operation. 

Penetration of the orbital cavity may occur during exenteration of 
the agger cell, aud alarming haemorrhage may take place and be 
followed by marked propto-ds Fortunately the blood usually absorbs 
without suppuration if the infected cells have been thoroughly cleared 
out. 

Sudden blindness may result in the course of the operation, due to 
the optic nerve being injured by manipulations in the posterior eth- 
moidal angle. For this reason the use of cutting forceps in this area 
should be avoided. 


A number of cases of osteitis and osteomyelitis have been recorded 
as following intra-nasal operations upon the ethmoidal labyrinth. 

External Operations on the Ethmoidal Cells. 

Where intra-nasal methods have failed to effect a cure, or where 
complications such as orbital abscess or fistula have appeared, ail 
external operation is indicated. Exenteration of the ethmoidal laby- 
rinth is an integral part of such operations as HowartU’s and Ferris- 
Smith’s, which will be described when the treatment of multi-sinusitis 
is considered ; but for the present the ethmoidal part of the operation 
Mill alone be dealt with. When the ethmoid only is involved 1 
usually follow Kisch’s technique, which also gives access to the lower 
part of the frontal sums, and was, in fact, originally described as “ a 
new frontal sinus operation " (Journal of Laryngology and Otology , 
June 1928). The illustrations have been adapted from Kisch’s original 
paper. ° 

A curved incision, about 1 inch in length, is made from just internal 
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to t!ie supra -orbital notch forwards and downwards, and medial to the 
internal canthus of the eye {jig. 2574). The incision is carried down to 
the bone, and haemorrhage, which may be troublesome, is controlled. 
The periosteum is reflected so as to expose the ascending process of the 
superior maxilla, but the orbital contents are not retracted. If an orbital 
abscess or fistula is present, the bony perforation is enlarged with a 
chisel ; if not, a portion of the ascending process of the superior maxilla 
is removed by means of a chisel. A transverse cut is first made low 
down, and then an upper one ; these are joined by the two vertical cuts 





Fig 2574 — The essential steps or Kiscu's operation foe eifoscbe or left ethmoidal cells 

ASD rRONTAL SIM*. 

as in figure 2574, and the isolated bony fragment is removed with 
forceps. The opening of the fronto-nasal duct is thus immediately 
exposed, and pus may exude from it if the frontal sinus is infected. 
More room in a downward direction is now obtained by further removal 
of bone at the lower margin of the aperture, and the ethmoidal 
cells are then broken down. These cells may be followed back- 
wards as far as the sphenoidal sinus and adequately dealt with ; 
finally, a large opening is made into the nose through the bulla 
ethmoidalis. 

The external wound is then carefully closed with clips or fine silk- 
worm-gut. Kiscli considers that no drainage-tube is necessary, and that 
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the only after-treatment required is spraying of the nose with collosol 
iodine, and perhaps occasional gentle lavage with an alkaline nasal 


wash. 


C. Operations upon the Frontal Sinuses 


Layton bas said that there is no such thing as an isolated frontal 
sinusitis, but that it is always a fronto-ethraoiditis. He states cate- 
gorically that from anatomical, pathological and clinical points of view 
frontal sinusitis is no entity. Anatomically— because, of some four 
flask-shaped primitive ethmoidal cells, the frontal sinus is but one 
which has happened to reach the vertical part of the frontal bone in 
the excursion of the whole group from the front end of the primitive 
semilunar groove ; pathologically— because all four cells arc involved ; 
and clinically — because the separate treatment of the frontal sinus by 
the passage of a frontal «inu*s cannula is impossible, except in a small 
number of persons whose anatomy is such that they will probably 
never develop a chrome inflammation in the cavity. He has even made 
a gallant attempt to elevate the maxillary sinus to the post of dis- 
honour, or “ key-position.” which is usually attributed to the ethmoid ; 
his conclusions certainly merit ‘•enous consideration. 

St. Clair Thomson, however bolds that in many cases of chronic 
disease the frouto-cthmoulal cells have become degenerated to such an 
extent that the pressure of the catheter breaks them down, and thus 
permits the catheter to be passed into the sinus. 

It is, nevertheless, very doubtful whether irrigation through a 
cannula can effect a cure in cases of chronic frontal sinusitis ; to realise 
this one lias but to inspect the polypoid mucosa which is exposed in the 
course of an external operation, and to lememberthe associated infection 
of the ethmoidal cells, which are not accessible for lavage. 

Catheterisation of the frontal sinus as a method of treatment has 
therefore been practically abandoned, except in the case of elderly 
patients who decline operation, or upon whom operative interference is 
considered inadvisable. 


Infra-nasal Operations. 

The simplest form of intra-nasal operation has already been described 
in the section dealing will, treatment of chronic ethmoiditis, and has for 
its object the damnation of the ethmoidal disease which is obstructing 
drainage through the fronto-nasal duet. Should such measures be 
insufficient, a more extensive procedure is indicated, and the ostium of 
the duct must be enlarged. For this purpose special bougies are 
passed into the ostium after the preliminary ethmoidal operation, and 
the degree of patency of the ostium is determined. If a bougie of 
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a diameter of about G mm. will not pass through, an attempt must be 
made to enlarge the passage by removing some of its anterior wall, 
formed by the nasal crest, by means of special raspatories. In so 
doing it must be remembered that the anterior cranial fossa dips 
slightly into the nasal roof ; this is the “ danger area,” and is more 
liable to be injured if the head is in the extended position. It is also 
important to work in only an outward and forward direction with the 
raspatory, for if the instrument slips inwards it may well damage the 
cribriform plate and lead to meningitis. 

When the ostium has been sufficiently enlarged the surgeon can 
irrigate the sinus periodically through a cannula, though occasional 
dilatation with a bougie may be required. 

Such intra-nasal operations arc by no means devoid of risk, and a 
number of fatalities have been recorded after their performance. There 
are, however, many rliinologists who claim most satisfactory results 
therefrom, and who reserve external operation for those cases in which 
some complication has arisen. It is certain that the external deformity 
and the osteomyelitis which tended to follow such operations as that 
of Killian caused a swing-back of the pendulum towards intra-nasal 
methods, but, with the introduction of Howartli’s and similar opera- 
tions, many surgeons (of whom the writer is one) now consider that the 
results obtained by the external method of approach are definitely 
superior. 

External Operations . 

The main indications for external operation are : 

(1) Failure of intra-nasal methods to effect a cure, particularly if 
symptoms of retention of pus in the sinus persist. 

(2) Prolonged foul discharge leading to deterioration of the patient’s 
general health. 

(3) Recurrent attacks of facial erysipelas. 

(4) The presence of intra-cranial complications, or of orbital abscess 
or fistula. 

Operations such as those of Kuhnt, Jansen, and Ogston-Luc have 
now been abandoned, whilst Killian’s operation, which superseded them, 
lias in its turn given way to the methods devised by Howarth, Harmer, 
and Ferris-Smith. 

Killian’s operation aimed at the complete exposure of the frontal 
sinus and its subsequent obliteration, whilst at the same time all 
infected ethmoidal cells were destroyed, and free drainage into the 
nose was established. It represented a distinct advance on the older 



4772 POST-GRADUATE SURGERY 

methods, hut was not entirely free from defects and dangers. Unless 
a supra-orbital “ bridge ” was left, an unsightly external deformity 
ensued in most cases, whereas if a bridge were left it was liable to 
necrose or to lead to the onset of spreading osteomyelitis. 

A description of Killian’s operation has hitherto been found in 
every text-book of nasal surgery, but the writer does not propose to 
include it here ; in hb opinion, it must m its turn lie relegated to its 
honourable place in the history of surgery of the sinuses. 

Uoicarth's Operation. 

Thb was devised by How art it in order to avoid the disadvantages 
of such procedures as the Killian and Ogaton-Luc operations. 

In the Killian operation an attempt is made to obliterate the frontal sinus 
completely by removal of its ant« nor *all and ita floor. In many cases, however, 
complete obliteration is not f* »*i*»|e and dead spaces ” are apt to remain, 
and to lead to osteomyelitis t'uc), space* are found particularly behind the supra- 
orbital “bridge.” and in the ethmoidal region Moreover, owing to the loss of 
bony support the soft tissues * rd to fall m. and permanent disfigurement may 
result. 

The Ogston-Luc opera t. on -diari- with the Killian the disadvantage due to 
removal of the anterior sinu- wall with consequent likelihood of the supervention 
of osteomyelitis , m od/htivp n do»a r.ot provide adequate exposure of the 
ethmoidal region, nor do*^ .t • ruble the operator to make a sufficiently large 
opening into the nose 


The advantages of How art h s operation are : 

(1) The resultant scar is a fine one. and as it is situated in a shadowed 
position it is frequently almost invisible. The anterior wall of the 
frontal sinus is not removed, so that no unsightly depression 
occurs. 

(2) Surgical!} it is possible to deal thoroughly with the most com- 
plicated cases of frouto-ethmoidal suppuration. The ethmoidal 
cells may be fully exposed, and the sinus drained through a large 
opening which lies directly below its floor. 


A description of Howarth's operation is given in the Journal 
of Laryngology a nd Otology, XXXVIU, 342, from which I now 
quote : 

, , A mcisiot i is made just under the supra-orbital margin, 

I.- 0 *? 1 . 111 front of t ^. e ' nner canthus on to the side of the 
6 " ., . m o' er > r thin in thb region a fine scar b obtained ; 
” !‘ “ m 'if “.‘“''on that the shadow falls, often the scar 

Z ° mC1Si ° n U carricd do ™ Periosteum ; 

bleeding from the numerous branches of the angular vein is usually 





very free, but is readily controlled. The periosteum is incised in 
practically the same line as the skin incision, and, with a Faraboeuf’s 
rugine or other suitable instrument, the periosteum covering the roof 
and inner wall of the orbit is then raised ; the pulley of the superior 
oblique is thus detached from its notch, and the whole of the orbital 
contents displaced outwards ; similarly, the lachrymal sac is displaced 
from its groove, and retracted outwards with the orbital contents. 
The appearance is then somewhat as in figure 2575. The sinus is now 
opened in the situation where one is always sure to find it (dotted circle 
in fig. 2575), just above the lachrymal groove. 

“ With Citelli bone forceps the whole of the floor of the sinus is now 
removed right up to the supra-orbital margin. If long narrow galleries 
are seen to project backwards in the roof of the orbit, or outwards 




towards the external angular process, their floor is usually thin, and 
may be completely removed with a strong pair of Luc forceps. The 
lming mucosa should be disturbed as little as possible. The portion 
lining the floor will, of course, be removed with the bone, but that 
which lines the dome of the cavity should be left intact. Attention is 
now turned to the region of the fronto-nasal duct. A copper bougie is, 
if possible, pushed up it from the nose to act as a guide. With the 
Citelli forceps the bone in front of the fronto-nasal duct (that is to say, 
part of the ascending process of the frontal bone) is removed, so that 
the appearance is as in figure 2576 ; and the operator is in a position 
to see whether any ethmoidal cells are mounting up into the floor of 
the frontal sinus, or overlying the fronto-nasal duct. 

“ The ethmoid is then attacked, entrance being effected through 
the lachrymal groove. After the anterior cells have been removed it 
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will probably be found satisfactory to employ a bimanual method, the 
ethmoidal cells being broken upwards from below by means of a mastoid 
curette applied mtra-nasally, the debris being removed through the 
external wound with Luc forceps held in the other hand. 

“The ethmoid cells are followed backwards if necessary to the 
sphenoid. Often a series, stuck like barnacles to the base of the skull, 
may require careful opening, and it is sometimes a matter of consider- 
able difficulty to decide whether one has really reached the base of the 
skull, or whether another flat ethmoidal cell still intervenes. The 
picture will then be '•omewhat as in figure 2577. 

*‘ An important part of the operation still remains to be done. 
This consists of ma kin g a new frouto-nasal duct further forward than 
the old one. In order to effect this, further portions of the ascending 
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process of the superior maxilla, and of the nasal process of the frontal 
bone, must be removed with gouge and forceps, particular attention 
being paid to the boss which projects backward from the frontal bone. 

A large firm-walled rubber drainage-tube pushed up the nose will 
he well forward as in figure 2578. The upper end is tucked into the 
anterior part of the sinus, and the lower end stitched to the ala of the 
nose The orbital contents are then allowed to faU back into place, 
and the incision completely sutured with the finest silkworm-gut. The 
tube is removed at the end of ten days.*’ 

Since Howaxth wrote the above account his technique has not been 
changed save for the insertion of a skin graft to cover the raw surfaces 
of the new fronto-nasal duct. 

The wnter would like to pay his tribute to this operation, which he 
has performed on several occasions with excellent clinical and cosmetic 
resulto. In a recent case, however, he has experienced great trouble 



NOSE 


4775 


and a poor result, owing to the extreme narrowness of the upper part of 
the nose rendering manipulations excessively difficult. In this patient, 
however, it is probable that any other operation would have presented 
the same disadvantage, and that the operator’s lack of experience was 
the main cause of failure. 

Banner's Operation . 

A description of this operation is given by Harmer and Bedford 
Bussell in the Journal of Laryngology and Otology, June 1931, 384. It 
differs from other external operations on the frontal sinus in that its 
principle is the gradual dilatation of the fronto-nasal duct by elastic 
pressure, which is applied so slowly that injury to the mucous liuing 
of the duct is avoided. 

The technique is as follows : 

Local intra-nasal anaesthesia is induced, and then, under a general 
anaesthetic, an incision about J-incli in length is made immediately 
below the inner end of the eyebrow. Care must be taken to avoid 
injury to the supra-orbital nerve, lest troublesome neuralgia persist as 
a result of the involvement of the nerve fibres in the scar. All the soft 
tissues, including tile periosteum, are then divided just above the 
supra-orbital margin, bleeding is controlled, and the periosteum is 
reflected upwards. A self-retaining retractor is next introduced, and 
with a small gouge and mallet an opening into the sinus is made above 
the supra-orbital ridge, and enlarged by means of a burr or bone- 
forceps. This opening should be sufficiently large to admit the tip of 
the little finger, and its centre should be §-inch from the middle line. 
The edges of the wound having been smeared with B.I.P.P., the mucosa 
of the sinus is opened, and any secretion removed by suction. A curved 
silver probe is next passed down from above via the infundibulum into 
the nose, and its lower end is grasped with forceps and brought out 
through the anterior naris. If difficulty is experienced in passing the 
probe it may be necessary to amputate the anterior third of the middle 
tuxbinal, and to exenterate the agger cell or cells. Difficulty in finding 
the lower end of the probe may be met with unless the probe is suffi- 
ciently curved to throw its lower end well forward. As the success of 
this operation depends to a great extent upon the avoidance of trauma 
within the fronto-nasal duct, it is important to exert no undue force in 
passing the probe into the nose. A long piece of stout thread is now 
tied to the lower end of the probe, and the latter is withdrawal through 
the nose and infundibulum so as to pull the thread out through the 
supra-orbital wound. A small soft rubber catheter is attached to 
the lower end of the thread, and is in its turn pulled up through the 
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infundibulum into the wound. If great difficulty is experienced in 
p ulling the catheter through, undue trauma must be avoided ; it is 
preferable to leave only the thread in position for a day or two until 
the intra-nasal congestion has subsided, when the introduction of a 
catheter will be comparatively easy. The tip of the catheter is then 
cut oS, and may be stitched transversely to the upper end of the rest 
of the catheter in order to prevent its slipping down into the nose. 
The external wound is then smeared with B.I.P.P., but is not closed 
bv sutures, as it is moat important to maintain free drainage above 
and below during the early stage* of the post-operative treatment. A 
light dressing is applied over the wound, and this should be frequently 
changed. 

This operation takes hut a abort time to perform, and causes so 
little shock to the patient that he need stay in bed for only a day or 
two. 

After-Treat met, t 

For about a vn-ck air. r np* ration the sinus is irrigated with saline through the 
catheter at *he a l •»f*ra» time the tube is usually loo^e enough to enable one to 
replace a bv 1 '.itheicr and in this way a gentle and gradual dilatation of 
the duct » 5 ' t» J \> a general rule, one begins with a Xo. 3 catheter, and works 
up dowh .ti'il a Xo 0 or 10 can be pa^ed into the duct. For the first ten 
dav- n" T.f- upper end of the tube should project through the supra -orbital 
W"u i t „t J prolonged intubation is required the tube need later be drawn up 
< i the sinus canty, where it is anchored m position by tying the thread 

<« rubber button which u placed on the forehead. 

By this simple operation it is possible permanently to dilate the frontal 
infundibulum, and in many cases the patient can himself pais a cannula and wash 
out his smus regularly. Bony absorption takes place round the tube, but the 
mucosa of the canal is not injured, and does not tend to contract once the tube 
has been removed. Elen if a complete cure is not effected, relief from pain and 
the cessation of discharge are almost certain to follow. 

D. Opeeatioxs upox the Spheroidal Sixes 
Irrigation of this sinus may be carried out by means of a special 
sphenoidal cannula through the natural ostium, or after puncture of 
the anterior wall by a trocar. In some cases of atrophic rhinitis this 
procedure may be successfully adopted without removal of the posterior 
part of the middle turbinal, but in other patients both middle turbinec- 
tomy and a septal resection may be required before an instrument can 
be inserted through, the no*e into the sinus. 

Should irrigation prove unsuccessful, more extensive surgical 
measures may have to be adopted, in order to remove the dis eased 
tissues and to establish adequate drainage of the sinus. It must be 
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remembered that sphenoidal sinus suppuration is intimately associated 
with disease of the posterior cells of the ethmoid, and the treatment of 
both conditions should be undertaken at the same time. 

Intra-nasal Operation. 

Hajek’s technique, or some modification thereof, is usually fol- 
lowed, and the manipulations are preferably carried out under local 
anaesthesia. Cocaine and adrenalin solution is applied to the septum, 
the upper and middle meatuses, and the anterior wall of the sphenoidal 
sinus. If there be a marked septal deflection, a submucous resection is 
performed and the posterior half of the middle turbinal is removed. 
Under the best possible illumination a Hajck hook is then introduced 
into the sphenoidal ostium, and pulled forwards in order to break down 


Fig 2579 —Lack's sphenoidal 
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the anterior sinus wall ; the bony fragments are taken away with suit- 
able forceps. Removal of the whole of the anterior sinus wall may be 
accomplished with Lack’s sphenoidal cutting forceps (fig. 2579), but 
the operator must remember the possibility of damaging the spheno- 
palatine artery during these manipulations. The interior of the sinus 
is now examined for polypi or granulation tissue ; if present, these are 
gently scraped away with a curette, and the posterior ethmoidal cells 
are similarly dealt with. It is, of course, essential that all manipulations 
with the curette in this area should be as gentle as possible, as the 
optic nerve or the cavernous sinus may easily be injured. 

A fter-T realmen t . 

This consists in irrigating the cavity, and ensuring that no contraction of the 
opening occurs. The patient is unable to carry out such treatment himself, and 
the surgeon must therefore irrigate the sinus daily for about a week, and occasion- 
ally touch the edges of the opening with silver nitrate in those cases where 
premature contraction appears. At the end of 7 to 10 days irrigations may be 
repeated twice weekly for about a month, and the cavity be swabbed out with 
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cotton-wool pledgets soaked in a 2 per cent solution of copper sulphate or silver 
nitrate. In some cases the tendency of the opening to contract may be so great 
as to necessitate further removal of bone with the cutting forceps. 

The results of this operation are, on the whole, very good, and external methods 
are seldom indicated except in the case of multi-sinusitis. The sphenoidal sinus 
may, however, be fully exposed by external approach, particularly by Ferris- 
Smith’s operation which will now be described. 


E. Ferris-Smith’s Operation upon the Paranasal Sinuses 

It is unfortunately tme that many patients remain uncured even 
after submitting to several operations for the relief of chronic sinusitis, 
and the “ chronic nose ” is to-day as well established an entity as the 
“ chronic abdomen." 

It is pre-emmently in such cases that Ferris-Smith’s operation 
affords a good prospect of cure, and every rhinologist who was privi- 
leged to hear lus lecture upon “ The Management of Chronic Sinus 
Disease,” given before the Laryngological Section of the Royal Society 
of Medicine on February 1st. 1933, must have been imbued witli new 
hope for the treatment of this distressing malady. A report of the 
lecture and the subsequent discussion is to be found in the Journal of 
Laryngology and Otology of August 1933. pages C04 cl scg., and the follow- 
ing description of the technique of the operation is taken therefrom. 
The excellent lantern slides depicting the steps of the operation are 
here represented by the accompanying illustrations. 

The principle of the operation is an approach to the diseased areas 
in a practically bloodless field, with complete exposure of the affected 
cavities under full vision. Ferris-Smith claims that only by this 
method can every diseased cell be adequately dealt with. He insists 
upon the removal of all diseased mucous membrane, and states that 
microscopical examination of several hundred infected sinus walls has 
Of ?°r ° n Vi b i Ch 1S ? k for retention - He contends that in view 
XLVIT -oT 0f Plckwor “ (J^alofLanjiujology and Olology, 1932, 
conlrwf T“ n no lon 8“ t° treat tte sphenoidal sinus 
stresses tl*' * ““1 ? m0re its lillin E completely Moreover, he 

oX 7r ance r' ,e imerti0a Uf “ ski » in order to prevent 
contraction of the new fronto-nasal duct. r 

i'erris-Smith's account of his technique is as follows : 
iodhie 1 ^!^,!! 163115 " 1 S0ap and "' atcr - pninw with 3 per cent 

!° rr ° the iodiM - A 

face and bend j / °P erat ive field, is drawn over the 

Mck - ihis f ai i ing 

peratne field and mcrcases the illumma- 
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tion in the depths. The side of the nose to be operated on is packed 
with cotton pencils wrung out of a solution of epinephrine hydros 
chloride (1 in 2000) containing 10 per cent of cocaine. The area of 
the incision about the inner canthus of the eye is infiltrated with a 
solution of 2 per cent procaine hydrochloride containing 25 minims of 
epinephrine hydrochloride to the ounce. Two or three drachms of this 
solution is sufficient. The eyelids are closed by a horse-hair suture 



F 25so—I> A tub con id usx 

INDICATES TUB SXIX IXCISI05 , TUG 
LIDS ARK CLOSED BY A UORSK-IIAIH 
8CTLRE. D SHOWS TH* EXFOSC8B OF 
THK SCFEGIOR FALTEBRAL VESSUS. 
C SHOWS OITiSfOY AID LIUATIOX OF 
THG SLFERIOR FALTEBRAL VESSELS. 
{Bylini ptrinusionof Dr Ftrrta- 
Smith.) 




passed through the marginal skin of the upper and lower lids. This 
protects the cornea from damage by sponges and instruments. The 
dotted line in figure 2580a indicates the incision in the skin. This 
should begin immediately below the eyebrow. The incision should be 
about J-inch long and terminate f-inch below the canthus. It should 
be staggered or offset at its mid-point to prevent scar elevation. The 
elevation of the skin and fascia on either side of the incision exposes 
the apposition of the orbicularis palpebrarum and quadratus muscles 
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cottoo-wool pledgets soaked in a 2 per cent solution of copper sulphate or silver 
mtrate. In some cases the tendency of the opening to contract may be so great 
as to necessitate further removal of bone with tbo cutting forceps. 

The results of this operation are, on the whole, very good, and external methods 
are seldom indicated except in the case of multi-sinusitis. The sphenoidal sinus 
may, however, be fully exposed by external approach, particularly by Ferris- 
Smith’s operation which will now be described. 


E. Ferris-SmitiTs Operation upon tiie Paranasal Sinuses 
It is unfortunately true that many patients remain uncured even 
after submitting to several operations for the relief of chronic sinusitis, 
and the " chrome nose ’ is to-day as well established an entity as the 
** chronic abdomen ’ 

It is pre-emnientlv in such cases that Ferris-Smith*s operation 
affords a good prospect of cure, and every rliinologisfc who was privi- 
leged to hear his lecture upon The Management of Chronic Sinus 
Disease gnen before the Larvngological Section of the Royal Society 
of Medicine on February 1st. 1933. must have been imbued with new 
hope for the treatment of this distressing malady. A report of the 
lecture aud the subsequent discussion is to be found in the Journal of 
Laryngology and Otoloqg of August 1933, pages C04 cl scq., and the follow- 
ing desmption of the technique of the operation is taken therefrom. 
The excellent lantern slides depicting the steps of the operation are 
here represented by the accompanying illustrations. 

The principle of the operation is an approach to the diseased areas 
m a practically bloodless field, with complete exposure of the affected 
cavities under full vision. Ferris-Smith claims that only by this 
method can every diseased cell be adequately dealt with. He insists 
upon e removal of all diseased mucous membrane, aud states that 
microscopical examination of several hundred infected sinus walls has 
° n ViVT h * s retention. He contends that in view 
XLVH^f ° fllCkWOrt ^ {Jourml of Laryngology and Otology, 1932 , 
conservative! °T T “° ^ dare to treat sphenoidal sinus 
stresses the Imr T ”“"5 T™* its 1 completely. Moreover, he 

contraction o/the^w frontH-nasal'duct & in onlt:r to I ,revent 

W&mths account of his technique is as follows : 

iodine, h ^ P .f I Fainted Kith 3 Per “ nt 

black lip’met wlt.vi * a , 1 a k°hol to remove the iodine. A 
face and head a d * only the operative Held, is drawn over the 

ahsoZ ttlelf . Hi ' r,th Strin « S about the "«*■ This draping 
hght about the operative field and increases the illumine- 
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tion in the depths. Tiie side of the nose to be operated on is packed 
with cotton pencils wrung out of a solution of epinephrine hydro- 
chloride (1 in 2000) containing 10 per cent of cocaine. The area of 
the incision about the inner canthus of the eye is infiltrated with a 
solution of 2 per cent procaine hydrochloride containing 25 minims of 
epinephrine hydrochloride to the ounce. Two or three drachms of this 
solution is sufficient. The eyelids are closed by a horse-hair suture 



JV 2oSl>.~ Is A T1IS DOTTED US* 

INDICATES TIIE SKIT 1NCISIOS, TUE 
LIDS Alt* CLOSED BY A UOftSE-IUlB 
SUTURE. D SHOWS THE EXPOSURE or 
THE SUPERIOR TALTEBRAL \ ESS ELS. 
C SHOWS DIVISION AND UOATIOV Of 
THE SUPERIOR PALPEBRAL VESSELS. 

[By liml permiMio* of Dr Ftrru- 
SmuA) 




passed through the marginal skin of the upper and lower lids. This 
protects the cornea from damage by sponges and instruments. The 
dotted line in figure 2580a indicates the incision in the skin. This 
should begin immediately below the eyebrow. The incision should be 
about f-inch long and terminate f-inch below the canthus. It should 
be staggered or offset at its mid-point to prevent scar elevation. The 
elevation of the skin and fascia on either side of the incision exposes 
the apposition of the orbicularis palpebrarum and quadratus muscles 
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{see fig. 2 o$0b). These are separated in order to expose the superior 
palpebral vessels which branch from the angular vessels in the 
quadratus muscle. At this point the internal canthal ligament is 
seen. 

" The superior palpebral vessels are incised between two forceps and 
ligated with Xo. CO plain catgut (see fig. *2oS0c). The incision is carried 
through the periosteum to the bone. The periosteum is elevated on the 
lateral side of the incision uutil the ligaments about the lachrymal sac 
are exposed. These are incised, and the sac is turned outwards and 
downwards until the duct is exposed in the floor of the fossa. The 
periorbita is freed by an elevator from the entire lamina papyracca 
and the floor of the frontal sinus Care must be exercised not to tear 
the periorbita along the fronto-ethmoid suture, to which it is frequently 
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finoly attached. This elevation exposes the posterior ethmoidal vessels 
and the nerve sheathed in the periorbita which is firmly attached about 
the posterior ethmoid foramen. A self-retaining tractor with a slotted 
blade of suitable sire (fig. 25S1) is paswal over the posterior ethmoidal 
vessels and opened to expose tiie entire lamina papyracea. Thistraction 
puts the sheaths of these vessels on tension and makes their ligation 
a simple procedure. At this point cotton-wool applicators wruno out 
of 10 per cent cocaine solution are applied for a few moments above and 
below the sheath to anaisthetisc the posterior ethmoid nerve. A right- 
angled A ankauer needle, carrying An. 0 plain catgut, is passed through 
the sheath posterior to the vessels and close to the retractor. The end 
of the suture is recovered with a sharp hook (fig. 2oS2a). The knots 
are formed outside the orbit, and passed into position by a slotted ring- 
ner (fig. 2oS2b). The vessels ate ligated by the method described bv 
Sewail and incised at the bony foramen. The distal ends rarely bleed 
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Fig 2582 — A RHOMB L104T10N OF TUB POSTERIOR ETHMOIDAL MSS Els , A NEEDLE, CAEBVINO N'O. 0 
CAtafl, HAS BKV.N PASSED TUBorCH THE PERIORBITA POSTERIOR TO THE NE.NAEL8, AN 0 THE SUTURE IB BEINQ 

be covered bi a sharp moor Is JJ the catset knots are tied oltnjdb into position mitu a 

SLOTTED RISU. 



Fig 2583 — A snows perforation of the lamina faptbacba to admit a punch forceps , B, kemop At- 
op THE LAMINA PAPS DACCA WITH THE PUNCH tOBCEPS 
[Feme Smith ) 

punch forceps, with which the opening is further enlarged (fig. 2583 a), 
With specially designed heavy punch forceps enough of the posterior 
margin of the nasal process of the maxilla is removed to permit complete 
exenteration of the lining of the most anterior cell and to afford a 
clear view. The lamina papyracea is now removed with Grunwald 
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• form of punch forceps, but it can always bo accomplished with 

'"motor-driven cross-cut burr 

„ ,|,| u , ii,,;,,,, is now completely removed wit!, a dull separator and 
mull 1 mils of gauze. If the membrane is resistant, as is frequently the 
the euvitv is pocked for a feu' minutes with gauze soaked in the 
liiutroplieiiol solution, after which the membrane is readily separated, 
m opt in the ease of pterygoid pneumatisations. The flap is folded 
\»*r the remaining portion of the iloor to furnish a lining and prevent 
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uwuuvUtwu eu the cut edge (Hg. -“?»). If the basilar process and 

avUuiUv twees- of 1)0,10 are tl,c site of an infection 

wv au esShX'mveliti*. thn U H treated exactly as one tieats a 
leu- K'e.e in similar , hull instances. A burr, introduced through 
tti > 'ril ami n>uliolh’d under diicct vision through the orbital 
o'vukT is 1,1 ,H< U C *“ mnL ‘] to t' le superior cortical wall 

I .slim* is now enteied in the region of its normal opening 
• removcHl with punch for^pa and rongeurs (fig. 2588). 
the junction of the two tables is bevelled, so that 
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parallel with the nasal roof in removing the superior portion of this wall. 
If it is introduced at an angle through the nostril, the distal blade will lie 
high in the dome-shaped roof of the cavity, and part of the cranial floor 
will be removed. The muco-periosteum containing the spheno-palatine 
vessels is now separated from the lower remnant of the nail (fig. 2585) 



preparatory to the removal of as much of the floor as possible. A 
Yankauer needle carrying No. 0 plain catgut is passed behind the vessels 
near the nasal septum (fig. 2oSGa). The ligature is recovered with a 
sharp, hr and tied as described for the posterior ethmoidal vessels 
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punch forceps (see fig. 2583 b), leaving a wall —inch high along the orbital 
floor when the condition of the bone permits. The same forceps intro- 
duced through the nostril remove the major portion of the ethmoid 
cells and leave the lateral wall of the middle turbinate clearly exposed. 
A Sluder ethmoid knife is now gently inserted between the septum 
and the middle turbinate, and raised to the level of the cribri- 
form plate. It is turned laterally to fracture the turbinate slightly 
towards the orbital wall. The punch forceps are introduced with the 
female blade along the cribriform plate, and the middle turbinate is 
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punched away without tugging or tearing. The bevel of the female blade 
of the forceps protects the cribriform plate from damage (fig. 2584 a). 

“The complete removal of the middle turbinate has exposed the 
entire anterior wall of the sphenoidal sinus. The remnants of 
the ethmoid cells are completely removed with punch forceps, and the 
nasal roof (fovea frontalis) is completely freed from covering membrane 
by the use of small gauze balls instead of metal curettes. Every vestige 
of membrane must be cleared away and the bone left scrupulously 
clean Any adherent shreds will be freed by a solution of 5 per cent 
tnmtrophenol in 3a per cent acetone, which is thoroughly applied to 
the entire operative area. 

One now deals with the sphenoid sinus. A Sluderknifo is introduced 
m o the Ostium and the opening enlarged laterally to admit punch 
ronfT ^ ^ ant ' nor wal1 b “mpkWy removed &om the 

° Tu , ° Ut -r Cl ' ab ° Ve th ° fl °” <%• 2-85). The punch 
forceps should be introduced through the orbital opening and held 
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F<3 25S6 — A SHOWS UG4 nos OF THE EtBEIO-PlUIBE VESSELS sus to the vomeb. B. the 
OF A MICO-PEEIOSTEAE FLAT TO ESFOSE THE BO'T FIOOb OF THE SPHENOID CAVITY . C, THE SDIOUL OF THE 
BONT HOOB WITH A HEAVY PCVCH F08CZFS. 

Iferrw Sm.M.) 

This ligation, may be easily accomplished with the Ferris-Smith auto- 
matic needle. A flap of muco-peruxsteum is formed by carrying an 
incision backwards and slightly outward from the nasal septum. This 
flap is separated from the floor of the sinus (fig. 25 SGb). The floor is 
removed until the remaining portion, together with the posterior wall, 
describes a parabola directed into the naso-pharynx (fig. 258Gc). This 
is frequently difficult, and sometimes impossible, to accomplish with 
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hit form of punch forceps, but it cun always be accomplished with 

a motor-driven cross-cut burr. 

■■ The lining is n ow completely removed with a dull separator and 
email balls of gauze. If the membrane is resistant, as is frequently the 
ca^e. the cavity is packed for a few minutes with gauze soaked in the 
trimtrophenol solution after which thr membrane is readily separated, 
except in the ease of ptervsoid pn^uniatL-ations. The flap is folded 
over the remaining portion of th'* floor to furnish a li nin g and prevent 



granulation on the cut edge (fig 2 oS7b). If the basilar process and 
articular process of the occipital bone are the site of an infection 
or an Osteomyelitis this area is treated exactly as one treats a 
long bone m similar circumstances. A burr, introduced through 
the nostril and controlled under direct vidon through the orbital 
opening, is u*ed to cut a channel to the superior cortical wall 
(fig. 23S71-I 

The frontal sinus is now entered in the region of its normal opening 
and the enure floor removed with punch forceps and rongeurs (fig. 25S3). 
lbe angle formed by the junction of the two tables is bevelled, so that 
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no crevices remain. The lining and the posterior bony wall are treated 
in tile same manner as in the sphenoid sinus. 

“ Only rarely is it necessary to enlarge the incision in the soft parts 
to permit access to an abnormally extensive sinus. 

“ Two points of importance remain. The lining in moderately or 
abnormally high anterior portions of the sinus may be thoroughly 
removed without interference with the anterior wall. The cavity is 
packed with gauze saturated with the trinitrophenol solution for a 
few minutes to loosen the membrane, regardless of its thickness. 
Frequently, when fibrosis is marked, the membrane may be removed 
en masse. In any event, it may be scrubbed out with small gauze balls 
soaked in the solution and used as a curette ; the sharp curette has no 


Fig 25S8 —Tub floor or the fro* 

TIL StttS IS REMOILO WITH a rcbcH 
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place in this procedure. Inspection with a mirror should now reveal 
scrupulously clean bony walls. 

“ Finally, a proper drainage duct for the unobliterated portion of 
the sinus must be maintained. The attempt to accomplish this with 
obturators and long-continued sounding is futile in most instances. 
A flat, inflatable rubber pad is introduced into the defect left by removal 
of the lamina papyracea, and is covered to a point above and below the 
opening in the bone with a Thiersch graft taken from the arm or thigh 
(see figs. 2590b and 25S9A). The pad is smeared with petrolatum, and 
the skin, with its raw surface external, is wrapped around its lateral and 
anterior walls. The pad is then inflated to produce a gentle pressure 
against the periorbita. The graft adheres to the underlying muscle and 
periorbita, and prevents the adhesion of these structures to the margins 
of the bone. 

“Deep horse-hairsutures are then passed through theskin and muscle 
to approximate the soft parts to the graft (see fig. 2589b). These are 
removed on the third day, and the skin is supported by a gauze strip 
applied with collodion. No intra-nasal dressings are applied, nor is the 
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wound disturbed in any way until the fifth day. At this time secretion 
is removed by gentle suction which avoids the denuded areas of bone. 
Only a few days of such care aie required until the patient is discharged 
and permitted to complete Ins own management. 

*• A few specially designed instruments, in addition to the Hajck and 
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Grunwald punch forceps and the bayonet-shaped rongeurs found in a 
rhinological surgeon’s equipment, are sufficient for the accomplishment 
of this operation. Seif-retaining retractors {fig. 2590a) designed for the 
right and left sides, and fitted with two widths and lengths of slotted 
blades, facilitate the work. Such retractors make it unnecessary to 
have an assistant in performing the operation, and prevent the trauma 
resulting from the frequent adjustment of hand retractors. 

“ Specially designed heavy punch forceps, of apropcrlength to permit 
use in the sphenoid cavity (fig. 2590c), render the removal of the heavy 
bone of the nasal process of the superior maxilla simple, and unannoying 
to the patient. Chisels and mallets find no place in this technique. 
These forceps readily remove the anterior wall of the sphenoid sinus 
regardless of its condition. The heavy Grumvald type of punch forceps 
is useful in removing the floor of the sphenoid sinus. The sponge- 
carrying forceps (fig. 2590c) arc designed for the clearing of the high 
anterior portion of the frontal sinus. Small gauze balls soaked in the 
trinitrophenol solution are employed for scrubbing, in place of the 
usual curettage.” 

The discussion which followed the lecture demonstrated the great 
interest evinced in this operation, and from the discussion the following 
main facts emerged : 

(1) That in Great Britain it was doubtful whether patients would 
submit to such an extensive operation unless a general 
aiiEesthetic were administered. 

(2) That this operation should in the main be reserved for those 
cases in which simpler measures had failed to afford relief. 

(3) That an essential part of any operation for the cure of chronic 
frontal sinusitis is the preservation of the patency of the new 
fronto-nasal duct by means of a skin graft. 

(4) That there was marked divergence of opinion as to the necessity 
for complete removal of the mucous membrane of the paranasal 
sinuses. 

(5) That a considerable number of “ die-hard ” supporters of 
intra-nasal operations still survive. 



CHAPTER IX 

Neoplasms of the Nose and Pa ha nasal Sinuses 
A. Benh.n Urowths 

These are comparatively rarely found m the nasal or paranasal cavities, 
but a number of different forms have been recorded. 

Papillomata. Two varieties of papilloma occur in the nose : 

(1) Soft ; usually growing from the skin of the vestibule. 

(2) Hard ; springing from the septum, or, more rarely, from the 
inferior or middle turbinal. They have also been reported as 
arising from the ethmoidal, frontal and sphenoidal sinuses. 

It is important to distinguish between the true papilloma and the 
papillary' hypertrophy which is so frequently seen at the posterior end 
of the inferior turbinal. 

Treatment. They may be removed with a snare, and the base then 
cauterised with the cicctro-iautcry. Recurrence is common, and is 
probably due to implantation at the time of operation. Recurrence 
may be prevented by the application of radium to the base after 
removal of the papilloma. 

Osteomata. Such growths are of two varieties, the hard and the 
soft. The frontal smus is most commonly affected, but the ethmoid, 
sphenoid, or antrum may be primarily involved. These tumours arc 
usually pedunculated, so that even the ivory-hard onteoma may lie 
removed cn masse. An osteoma may attain such size as to cause 
marked facial disfigurement, and lead to severe nasal obstruction. 
Exophthalmos may result, and neuralgia is frequently complained of. 
An inspection of the nasal cavity may re\eal the presence of polypi 
which conceal the osteoma. In certain cases erosion of the cribriform 
plate, or of the posterior wall of the frontal sinus, may' result in 
meningitis. 

Diagnosis may be assisted by a good skiagram, which will show the 
outline of the bony growth. 

Treatment consists of removal through an external incision. A 
frontal osteoma may be dealt with by removal of the anterior plate of 
the frontal sinus, an antral osteoma by a Caldwell-Luc operation, whilst 
lateral rhinotomy will give access to an ethmoidal osteoma. 

4TSS 
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Chondromata and Ostco-chondromaia arc very rarely found. If 
present, they expand slowly, and closely resemble osteomata. 

Fibromata of the nasal cavity are not common. Small ones may 
spring from the septum, or from the roof or outer wall of the nose ; 
they tend to bleed profusely, and to cause some degree of nasal obstruc- 
tion. Removal with a snare, and the application of the electro-cautery 
to the base, will usually effect a cure. 

Angiomata. The so-called “ bleeding polypus of the septum ” is 
an angioma, and is usually found near Kisselbach’s area, but may be 
present further back on the septum, or on the floor or outer wall of the 
nose. Angiomata are dark red in colour, vary in size from a pea to 
a marble, and cause nasal obstruction and severe epistaxis. To remove 
them the mucosa and perichondrium of their base must be dissected 
from the bone, and the raw surface treated with the electro-cautery. 

Rarer benign growths arc adenomata, lipomata, lymphangiomata, congenital 
gliomata, and certain forms of mixed tumours. 

B. Malignant Growths 

These are comparatively more common than benign tumours in 
the nose and paranasal sinuses. It was formerly thought that sarcomata 
occurred much more frequently than carcinomata, but it is probable 
that this misapprehension was due to the fact that many so-called 
sarcomata were in reality atypical round-celled carcinomata or endo- 
thcliomata. Modern authorities consider that of these malignant, 
neoplasms about 00 per cent are carcinomata, 30 per cent sarcomata, 
and 10 per cent cndotlieliomata. The malignancy of these tumours 
varies enormously, and their response to treatment naturally depends 
upon the degree of malignancy. 

Of the accessory sinuses the antra and the ethmoidal cells are most 
commonly affected, but occasionally the sphenoid and frontal sinuses 
are the primary seats of the growth. Malignant neoplasms may also 
originate in the floor of the nose, on the septum, or from the 
fcurbinals. 

Carcinomata are usually of the squamous-celled variety, but the 
basal-celled form is also found. Carcinomata are rare in patients under 
forty years of age. 

The squamous-celled forms are locally very malignant, and tend to 
invade neighbouring structures. Metastases usually appear first in the 
cervical glands, but in some cases this glandular involvement is a late 
feature of the disease. If, however, the growth is incompletely removed 
by operation, rapid recurrence takes place, and the glands soon become 
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involved. The basal-celled carcinomata are much less malignant, anil 

respond more readily to treatment by irradiation. 

Sarcomata may appear at any age, and may be of many types and 
of varying degrees of malignancy. Lympho sarcomata and the round- 
and spindle-celled types are the most malignant, whilst fibro-sarcomata 
are the least malignant of all. Chondro-, myxo-, and ostco-sarcomata 
vary greatly in their degree of malignancy. 

Endotheliomata may remain encapsulated for many years, and 
glandular involvement is late in appearing. They show, however, 
a marked tendency to recur after simple removal, and in these circum- 
stances dissemination to the glands occurs more rapidly. 

Malignant Growths of the Maxillary Antrum. 

It is unfortunate that these tumours may exist for a long time 
before definite symptoms of trouble arise. Pain is seldom an early 
feature, and nasal obstruction, accompanied perhaps by a tliin blood- 
stained discharge, may be all that is complained of by the patient. 
Later he suffers from pain in the alveolus, and finally there may he 
swelling of the cheek, bulging of the naso-antral wall into the nose, and 
exophthalmos due to the upward growth of the tumour. The squamous- 
celled growths frequently invade the hard palate, and the writer has 
recently seen a case in which this was the first symptom. 

Trans-illumination usually shows opacity of the antrum, but a skia- 
gram may not be diagnostic until bony erosion has occurred. Antral 
puncture and suction will often reveal the presence of blood-stained 
fluid in the antrum, and this should be regarded as a very suspicious 
sign. 

Malignant Grouths of the Ethmoid. 

These usually originate in the posterior cells, but may arise anteriorly 
in the lachrymal region. Epistaxis and nasal obstruction are early 
symptom's, s’/ri "ic’uia’git pains and purulent nasal discharge arc not 
uncommon. Epiphora and exophthalmos may ensue as the tumour 
increases in size, hut glandular involvement is a late feature. On. 
examination of the nose, pus is seen in the nasal cavity, and polypi, 
which bleed easily, may almost fill one or both sides of the nose. In 
the final stages the grouth may invade the base of the skull and cause 
death from meningitis. 

Primary grouths of the sphenoid are rarely found, but invasion may 
result from the extension of a tumour of the posterior ethmoidal cells. 

The frontal sinus is rarely primarily involved, hut growths in the 
sinus may erode either the anterior or posterior wall, and thus invade 
the neighbouring structures. 
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Prognosis is by no means so grave as it was some years ago ; tlie 
modern combination of surgery, diathermy and irradiation has 
rendered the outlook much more hopeful. Hariuer maintains that no 
surgeon should undertake the treatment of these cases unless he has all 
three methods at his disposal. It must, however, be remembered that 
radium and deep X-ray therapy arc not always available, and some 
description of the purely surgical measures must be given. 

Operative Treatment of Ethmoidal Giowths. 

Intra-nasal attack is useless, for it is essential that the whole of 
the growth should be visible before its removal is attempted. 

The ingenious sub-labial operation of Rouge leaves no visible scar, 
but it gives insufficient access, and the technique will not be described 
here. 

Moure's operation of lateral rhinotomy has given many excellent 
results, particularly in those cases where invasion of the neighbouring 
structures has not occurred. 

After preliminary packing of the nose with gauze wrung out of cocaine 
and adrenalin solution, an intra-tracheal general anaesthetic is adminis- 
tered, and the naso-pharynx and pharynx are well packed off. The 
incision originally advocated was one starting at the inner end of the 
eyebrow and passing down along the side of the nose as far as the ala ; 
if more room was required, a second incision was made from near the 
upper end of the first, and prolonged outwards along the lower orbital 
margin to reach the malar eminence. The scar of this latter incision, 
however, is followed by persistent puffiness of the lower lid, and in 
order to avoid this Trotter suggested the incision shown in figure 2591. 
The lower eyelid is everted and the incision enters the palpebral 
conjunctiva just external to the punctual lachrymale, is continued 
horizontally outwards inside the lid, and is then directed downwards 
and outwards from the external canthus on to the malar eminence. 

The ala and side of the nose are next detached with an elevator and 
retracted towards the mid-line, whilst the soft tissues of the cheek are 
similarly raised and drawn downwards and outwards. In this way the 
nasal bone, the nasal process of the frontal bone, the ascending process 
of the superior maxilla, and the canine fossa can be exposed. The 
lachrymal sac should be defined and carefully retracted out of harm's 
way. lest subsequent epiphora develop. 

A chisel cut is then made through the superior maxilla from the 
lower orbital margin to the edge of the pyriform fossa. This cut passes 
obliquely downwards and inwards just above and internal to the infra- 
orbital foramen. A second chisel cut passes vertically upwards just 
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Operative Treatment of Grouths of the Maxillary Antrum. 

The combination of surgery, diathermy and irradiation has now 
almost entirely superseded the treatment of these growths by removal 
of the upper jaw, but it is felt that a description of the latter operation 
must be given. 

Removal of the Upper Jaw. 

An intra-t radical anaesthetic is administered, and the naso-phaiynx 
and pharynx are securely packed off with gauze. In the majority of 
cases the preliminary ligature or temporary ligature of the external 
carotid artery is desirable. The incision suggested by Trotter (fig. 2592) 
is made, extending from the malar eminence across the everted lower lid 
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to the nose, and then passing down along the side of the nose, round the 
ala, and through the upper lip near its centre. The flaps thus marked 
out are reflected from the nose and cheek respectively, and are pro- 
tected by gauze wrung out of hot saline. In this way the whole of the 
anterior surface of the superior maxilla is exposed. The periosteum of 
the orbital floor is then elevated and pushed backwards ; care must be 
taken to protect the eyeball from injury during this stage and the 
remainder of the operation. 

The bone is next divided as shown in figure 2594. 

(1) The line of incision is marked out with a scalpel just behind the 
junction of the superior maxilla and the malar bone, and a. 
deep groove is made in this line with a saw. The division. 
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to one side of the articulation between the two nasal bones, ami from 
its upper extremity a further out is made horizontally outwards until 
it reaches the orbital margin (fig. 209.7). The piece of bone thus isolated 
is removed with strong forceps, and includes the antro-liasal wall and 
the inferior turbinal. The mass of the growth will be thus brought into 
view, and may be removed with foiceps and a Volkmann spoon. If the 
tumour lias infiltrated the neighbouring structures it may be followed 
backwards to tile sphenoid, outwards into the orbit, or downwards to 
the antrum. Where a po-tenor growth has to be dealt with it is essen- 
tial to protect the cribriform plate during its lemoval, and .Moure sug- 
gests that a gouge be passed backwards parallel to the cribriform plate 
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Operative Treatment of Growths of the Maxillary Antrum. 

The combination of surgery, diathermy and irradiation lias now 
almost entirely superseded the treatment of these growths by removal 
of the upper jaw, but it is felt that a description of the latter operation 
must be given. 

Removal of the Upper Jaw. 

An intra-tracheal anaesthetic is administered, and the liaso-pharynx 
and pharynx are securely packed off with gauze. In the majority of 
cases the preliminary ligature or temporary ligature of the external 
carotid artery is desirable. The incision suggested by Trotter (fig. 2592) 
is made, extending from the malar eminence across the everted lower lid 
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to the nose, and then passing down along the side of the nose, round the 
ala, and through tlie upper lip near its centre. The flaps thus marked 
out are reflected from the nose and cheek respectively, and are pro- 
tected by gauze wrung out of hot saline. In this way the whole of the 
anterior surface of the superior maxilla is exposed. The periosteum of 
the orbital floor is then elevated and pushed backwards ; care must be 
taken to protect the eyeball from injury during this stage and the 
remainder of the operation. 

Tlie bone is next divided as shown in figure 2594. 

(1) The line of incision is marked out with a scalpel just behind the 
junction of the superior maxilla and the malar bone, and a- 
deep groove is made in this line with a saw. The division. 
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is completed with strong bone-cutting forceps, care being taken 
to prevent damage to the orbital contents. 

(2) The nasal process of the superior maxilla is now divided by 
making a groove with a saw, and completing the section with 
bone-cutting foreep- Care should be exercised to avoid 
splintering the bone 

(3) If the upper teeth hav«, not already been removed, the lateral 
or central upper incisor i= now extracted, and the mouth is 
held widelv open bv uwb of a gag. An incisiou is made with 
a scalpel or diathermy knife from the lower margin of the pyri- 
form aperture down the frout of the alveolus and is continued 
backwards in the mid-line of the hard palate as far as its 
junction with the ^oft palate. The incision is then carried 
laterally from this point to reach the alveolar margin just 
behind the last molar tooth. The soft palate is detached with 
blunt-pointed scissors, and pushed backwards so that it may be 
preserved when the maxilla has been removed. The bony 
incisions are deepened with a saw. and an osteotome is then 
inserted into the groo\e> m order to loosen the bone. The 
section of the alveolus and hard palate may be completed with 
bone-cutting forceps, and the whole maxilla grasped in lion- 
forceps and detached by rockiug and wrenching movements. 
Some difficulty may be experienced in the region of the pterygoid 
and palatine processes, but the detachment will be facilitated by 
the introduction of curved bone-cutting forceps behind the 
tuberosity of the maxilla. 

When the maxilla has been removed a careful search is made 
for any remaining areas of growth, which mav be treated with 
diathermy. The bleeding is arrested by pressure with swabs, 
but plugging of the cavity should be avoided if possible. The 
slon edges are next brought together and carefully sutured 
with horse-hair, particular attention being paid to the approxi- 
mation at the muco-cutaneous junction of the Up. Catgut 
should be used to close the incision in the mucous surface of 
the lip. 
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Disadvantages of the Operation. 

The main disadvantage of this operation is the disfiguring deformity 
which follows, and if the orbital floor has had to be removed the eyeball 
will drop downwards, and an unhealthy condition of the eye itself 
may ensue. 

Damage to the lachrymal duct frequently leads to persistent 
epiphora, but the oedema of the lower lid which followed the perform- 
ance of the original operation may be avoided if Trotter’s incision is 
used. 

In certain cases a fistula appears in the check, and will necessitate 
the wearing of some form of artificial cheek. 

When radium is available it is doubtful whether surgical removal of 
the upper jaw is a justifiable operation. Harmer has treated many 
patients at St. Bartholomew’s and Mount Vernon Hospital by a tech- 
nique which combines surgery, diathermy and irradiation, and has 
obtained some excellent results. The principle of this operation is an 
approach to the growth through the hard palate, as a result of which 
a permanent palatal opening remains. This technique offers the 
following advantages : 

(1) It gives adequate access for treatment. 

(2) It provides efficient and permanent drainage. 

(3) It enables constant inspection of the cavity to be made, and 
thus permits of the recognition of any areas of disease which 
may have been overlooked, or of early recurrences. 

(4) It causes no deformity of the face. 

Technique of Banner's Operation. 

An intra-tracheal anaesthetic is administered, and the pharynx is 
securely packed off to prevent the entrance of blood and discharge into 
the glottis. Any septic teeth should be extracted, though it is prefer- 
able to clear up all dental sepsis beforehand. With a diathermy knife 
an incision is made, as in figure 2595, to include the alveolus and teeth 
on the affected side, and the whole of the hard palate of that side. 

It is important to preserve the soft palate in order to facilitate the 
wearing of a dental plate later on ; even if the growth has invaded the 
soft palate the disease may be eradicated by surface irradiation or by 
interstitial needling. The area thus marked out by the incision is 
freed by means of a chisel and mallet, and the hard palate and alveolus 
are removed with strong forceps. The resultant aperture gives a good 
exposure of the antrum and nasal fossa, and the growth may be fol- 
lowed up into the ethmoidal or sphenoidal regions. If the growth be 
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exuberant it is advisable now to destroy as much of it as possible 
by diathermy (fig. 2396). In the case of very malignant cellular 
tumours, however, unnecessary interference with the growtli is inadvis- 
able, and it is safer to trust to irradiation alone after the palatal opening 
lias been made. 

Ribbon gauze soaked m flavine is next loosely packed into the 
cavity, and is left in position for four to five days. Some surgeons 
prefer to commence irradiation at once, and insert radium tubes with 
the packing : but Harmer advises waiting for a few days, and then 
applying slow but piolongcd radiation by means of radium needles 
held in position on the upper surface of a specially prepared dental 
plate. This plate consists of tw o parts : the upper is made of soft stent 
which is moulded to fit the cavity accuiately •. the lower is of vulcanite 
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which contains a layer of lead to protect the mouth and tongue from 
irradiation. Upon the surface of the upper part are placed the radium 
needles, so that they may lie close to the areas which arc most affected 
by the growth ; these needles are covered by a thin layer of stent t£> 
render the upper surface of the denture smooth. Xcedles of varying 
length arc employed ; they should have a filtration of at least 0 8 mm. 
of platinum to prevent too severe a reaction, and their total radium 
content should be from 15 to 20 milligrammes. A skiagram showing 
the plate and needles in position is to be found in figure 2597. The 
plate is first worn for two hours night and morning, and later the daily 
period is incieased until a total dose of 1300 to 2000 milligramme-hours 
has been given. At the end of this time the cavity should be lined with 
a thick yelloiv film, and the growth should have shrunk greatly or even 
disappeared. If, during this treatment, inspection shows that the 
growth in one part of the cavity is not shrinking, the position of the 
needles in the stent may be changed so as to increase the irradiation 
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in that area. The cavity may be kept clean by frequent mouth-washes, 
or by gentle irrigation through a cannula. 

Where the growth is limited to the antrum a complete cure may be 
expected, but if it has invaded the ethmoidal or orbital regions the 
eradication of the disease is a much more difficult and uncertain task. 
In such cases it may be necessary to supplement the treatment by the 
insertion of radium needles through the skin, but partial or complete 
removal of the upper jaw is seldom justified. 

When complete destruction of the growth has been effected the 
cavity becomes lined with a smooth membrane, and the palatal open- 
ing may then be closed with a snugly-fitting dental plate. The palatal 
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opening allows of such free drainage that crusting and discharge seldom 
occur, and it also enables constant, inspection of the cavity to be made. 
The combined use of surgery, diathermy and irradiation does not 
appear to cause undue bony necrosis, nor has Harmer encountered any 
cases of acute spreading osteitis in his series. Grave complications are 
rare, but the sight of the eye may be lost, or a cataract may later 
develop. 

The writer has seen many excellent results after this treatment has 
been carried out at Mount Vernon Hospital. Unfortunately many 
patients are seen only when the disease is in a very advanced state, or 
when previous surgical measures have failed to arrest it. In such 
cases it is often impossible to effect a cure, but irradiation with radium 
or X-rays, or both, will frequently arrest the progress of the disease, 
relieve pain and haemorrhage, and prolong life. 
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The lesson to be learnt is that early diagnosis of malignant neo- 
plasms of the sinuses is of paramount importance ; only thus can 
prospects of complete cure be realised. 

Ohngren employs a technique consisting of wide excision of the 
growth by diathermy, and uses a special diathermy apparatus for the 
purpose. He maintains that the risk of subsequent deformity must not 
deter the surgeon from attempting to excise all the alfectcd tissue, and 
that, if necessary, plastic operations for cosmetic purposes should later 
be performed. After tbe growth has been excised be inserts radium, 
and although this appears to increase the frequency of post-operative 
mtra-cranial complications he claims that the results obtained by 
electro-coagulation plus radium are greatly superior to those obtained 
by diathermy alone. Ohngren also advises the pie-operative use of 
deep X-ray therapy. 

Treatment by Irradiation without External Operation. 

This may be the method of choice for the treatment of the very 
malignant round- and spindle-celled sarcomata ; in these cases surgery 
is often dangerous, but the tumoms appear to be extremely sensitive to 
irradiation, which may bring about their complete disappearance. 
Irradiation is also of great service in the palliative treatment of 
inoperable carcinomata. If tbe necessary apparatus is available, a 
full course of deep X-rays is probably the most effective method of 
treatment, but owing to the difficulty of delivering an adequate tissue 
dose by superficial irradiation alone it is usually necessary to employ 
radium needles as an ancillary aid. 

It is certain that the modern methods of treatment of malignant 
neoplasms of the paranasal sinuses have rendered the prognosis much 
more hopeful, and the gradual improvement of technique will doubtless 
lead to even better results. 



CHAPTER X 


Neoplasms of the Naso-Pharynx 
Benign Growths 

Of these the naso-pharyngeal fibroma is by far the most common, and 
although microscopically innocent it is clinically malignant. It tends 
to increase slowly in size, to invade the neighbouring structures, and 
to recur after local removal. It usually develops between the tenth 
and fifteenth years of life, and grows until about the twenty-fifth year, 
after which time degeneration tends to occur. 

Pathologically it consists of fibrous tissue with a preponderance of 
blood-vessels but very few cells. There is no true capsule, but the 
surface of the tumour is covered with a thin layer of mucous membrane. 

When viewed with a post-nasal mirror such a growth presents a 
smooth, rounded appearance, and varies in colour from pink to dark 
red. On palpation it is firm and almost immovable, and is found to 
be attached by its base to the vault of the naso-pharynx. As it grows 
it becomes coarsely lobulated, and may press the soft palate forwards 
and be visible in the pharynx ; prolongation of the growth forward 
into the nose may produce a “ frog-face ” deformity, whilst absorption 
of bone may lead to involvement of the orbit or the base of the skull. 

The first symptoms arc those of nasal obstruction, but as the 
fibroma grows it may interfere with deglutition or respiration, and 
cause some degree of deafness from blocking of the Eustachian orifice. 
There is a marked tendency to hoemorrhage from the nose or naso- 
pharynx, and in the later stages symptoms of meningitis may appear. 
Glandular involvement is rare unless there is coexistent sepsis. 

Diagnosis. From a choanal polypus the diagnosis is made by the 
appearance and consistency of the fibroma, and by the fact that the 
latter is attached to the naso-pharyngeal vault by a broad base. 

A gumma in the naso-pharynx may at first resemble a fibroma, but 
it soon breaks down and presents the typical wash-leather crater in its 
centre. 

From a fibro- sarcoma the diagnosis may be impossible without 
microscopical examination. 

Prognosis is bad unless removal is feasible, and even then a recur- 
rence is probable. This tendency to recurrence usually ceases after the 
4799 
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age of twenty-five, and if the growth can be kept in check until that 
age the outlook is hopeful. The use of radium and diathermy in the 
treatment of these growths has proved of great value, and the results 
have been immeasurably superior to those obtained by earlier surgical 
methods. 

The choice of operation varies according to the size and accessibility 
of the growth ; if it is confined to the liaso-pliarynx it may be removed 
through the mouth, but if it has invaded the nose and paranasal 
sinuses it may be necessary to perform partial excision of the upper jaw 
in order to expose the growth. It must be remembered that hemo- 
rrhage is usually very severe, ami temporary control of the external 
carotids by means of Crile's clamps may lie required. 

Removal of the tumour through the mouth is carried out 
thus : 

An intra-tracbeal anesthetic is administered and the hypo-pharynx 
packed with gauze. The patient's head is extended over the end of the 
table, and a Boyle-Davis gag inserted to keep the mouth widely open. 
"With the help of a headlight a good view of the parts is obtained, and 
the soft palate is firmly grasped with forceps and split along the mid- 
line with a scalpel. A silk suture is passed through the posterior part 
of both the cut edges, and each half of the soft palate is then pulled for- 
wards and outwards to expose the growth. If the tumour is so large 
that its basal attachments cannot be defined, it may be necessary to 
remove a portion of the hard palate and the posterior part of the bony 
nasal septum. When the growth has been fully exposed, an incision is 
made with a diathermy knife in the healthy mucous membrane which 
surrounds the base of the fibroma ; tliis incision is carried down to the 
bone. The area thus marked out is separated from the subjacent bone 
with a periosteal elevator, and the tumour is then removed en masse. 
Hemorrhage is controlled by swab pressure, diathermy, or ligation of 
the vessels, and the two halves of the soft palate arc carefully approxi- 
mated by catgut sutures. The packing is removed from the hypo- 
pharynx and the endotracheal tube is withdrawn ; if, however, there 
is much oozing this tube may be left in position until the patient has 
fully recovered consciousness. 

It must be admitted that, in the past, attempts to remove these 
growths by surgical measures often ended in tragedy, and numerous 
deaths occurred as a result of uncontrollable hemorrhage or from the 
severe shock which followed the operation. The modem tendency 
is to treat fibromata of the naso-phaiynx by X-rays or radium 
irradiation. 
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Malignant Gboutiis 

Primary malignant disease of the naso-pharynx is uncommon, but 
endothelioma ta, sarcomata and carcinomata do occur. Tiie naso- 
pharynx may also be secondarily involved by growths originating in 
the nose, antrum, orbit, pharynx, mouth or tonsils. 

The symptoms are similar to those of a naso- pharyngeal fibroma, 
but the sarcomata in particular tend to grow very rapidly, and haemo- 
rrhage and offensive discharge are earlier symptoms. Except in the 
case of the lympho-sarcomnta, glandular enlargement is comparatively 
rare. 

Carcinoma is uncommon, but if present it shows the typical appear- 
ance of an ulcerated mass with everted edges, and is craggy on palpa- 
tion. Carcinomata tend to spring from the lateral wall of the naso- 
pharynx, and to invade the Eustachian orifice and cause some degree 
of deafness, otalgia, and pain in the mastoid region. Glandular involve- 
ment occurs early, and may be quite disproportionate to the size of the 
primary growth. Severe neuralgia is sometimes complained of, and the 
growth may press on the nerves emerging from the jugular foramen and 
produce Jackson’s syndrome (paralysis of the side of the palate, tongue, 
pharynx and larynx, and of the homolateral trapezius and sterno- 
mastoid muscles). 

Diagnosis from a naso-pharyngeal fibroma may be difficult, especi- 
ally in the case of a sarcoma or an endothelioma. A small carcinoma in 
the naso-pharynx may be very hard to detect, but, if there is severe 
unexplained facial neuralgia or pain in the ear or eye, a naso-pharyngeal 
carcinoma should be suspected, and a careful post-nasal examination 
made. 

Prognosis is extremely grave, and the disease cannot be cured by 
purely surgical measures- Treatment by irradiation holds out the only 
prospect of success, and although results have so far been rather dis- 
appointing it is probable that improved technique will enhance the 
value of such treatment. 



CHAP IKK XI 

Spreading 0»TEow\t litis of tue Skull 


Teh occurs mainlv after oporut n- upon the frontal, ethmoidal v 
c^dllan* sntbes. but lias been r* ■ M in a few instances after «kbl 
cr mastoid operations. It is a r *crious complication, and nib 
^reat majority of cases it prove* ' >al. 

Tee route favoured by the inf- ■ ' >«n in the bones of the face fctmsto 
b<? towards the frontal bone amt * 1 * vault of the skull. It appears 
avoid the bony roof of the ncse a 1 * the orbit in the early stages of the 
disease. otherwise septic mernmir * would develop earlier. 

von Eicken states that lus ° li**s show that Large frontal sinM» 
are for the most part surrounded 1 . a well-developed diploe, 
upwards and laterally. Should t frontal sinus extend far outran 
dipluctic spaces are found in the 7 uomatic process of the frontal ho*-i 
It has long been known that the oiploetic veins of Breschet are 
irregular in course and situation ,.:.d that they do not respect tie L» 
of the sutures. In IU24 the PoIl-’i anatomist Wischnowski found lU 
m this region there is a vein so c«»*.*tantly present that be called few 
" ncmia temporalis.'' and von En k.-a. bv means of skiagrams ia^ 
patients, has confirmed this con-t.mi v of incidence. He considers ^ 
it is important for rhinologists to l*ar in mind the presence of this ve-- 
wtieh must be thoroughly dealt with during any operation ft®*” 3 
spreading Cstcomyelitis of the frontal bone. . , 

, ilfKcnrie states that in treatment the practical point to notei*^ 
cruiiuige of itself is insufficient to arrest the disease, and that the 
must erect his Were and cut his trenches well ahead of the 
mmts of the disease. 


^ advi ^ intravenous injection of colloidal silver. *■> 

be pushed to the limit of tolerance. It appears to be a rt^ 
cypecal value in this disease, and it given as scon as the 
C “ ^ >ipp<-ars it may be expected to prevent widespread necrosis- 
‘f Ucial ^teomyeUris should be treated by free 
- ’-v~~ ^ removal of any denuded bone- ^ 

c * .v' ? . e e Ptt^nction of marked facial deformity, but theg 13 * • 
-ease u such that cosmetic considerations must occ-r. 


■ls.i 
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secondary place. In view of the tendency manifested by the disease 
to spread upwards into the frontal bone, an effort must be made to 
interpose an effective barrier to such spread. For this purpose a trans- 
verse incision should be made across the root of the nose, and a breach 
of continuity made by gouge or cutting-forceps between the nasal and 
frontal bones. 

When the frontal bone is involved, McKenzie advised that the 
surgeon should work from the healthy towards the diseased area, and 
that the first step should be the cutting of a trench in the upper part 
of the frontal region. 

McKenzie’s technique is as follows : 

A curved incision with its convexity upwards is made from one 



ntovrit. bose. (HeKtnzu.) A. Cut edge of toft tissues of forehead. 

It. Cut edge of frontal bone. 

C Dura over frontal lobe. 

D. Forehead flap pulled down over face. 

temporal line, commencing about half an inch above the outer end of 
the eyebrow, to a corresponding point on the opposite side (fig. 2598). 
The incision is carried down through the soft tissues of the scalp and 
pericranium to the bone. The flap thus formed is separated from the 
bone and drawn downwards. The next step consists in making a curved 
gutter in the hone in the line of the skin incision ; this is effected with 
a gouge and mallet. The gutter should be rather more than 1 cm. in 
breadth, and is carried down through the outer table and the rliploe. 
If the diploic veins bleed freely it may be assumed that the bone is not 
as yet grossly infected ; bleeding which does occur may be arrested 
with Horsley’s wax. The gutter is cautiously deepened until the dura 
is exposed, and as soon as a sufficiently large opening has been made to 
admit bone forceps these are employed to remove the remainder of the 
inner table at the bottom of the gutter. The forehead flap is next pulled 
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well down over the face, and further removal of the frontal bone is 
proceeded with until thesupra-orbital margins are reached (see fig. 2599). 
Any extra-dural collections of pus will thus be exposed, and it is most 
important to remove the bone freely in the neighbourhood of such 
abscesses. If the osteomyelitis has originated in the frontal sinuses, 
it will now' be necessary to sacrifice the supra-orbital margins in so 
doing, if. however, the infection lias spread from the antrum or ethmoid, 
one may merely have to drain the frontal sinuses as in Howarth’s 
operation If the disease is \ cry widespread, it may be necessary to 
make a vertical incision in the middle line of the forehead flap in order 
to obtain adequate access to the frontal sinuses. B.I.P.P. is now rubbed 
ou all raw bony edges, and iodoform gauze lightly packed into the 
wound. The wound ma\ be left open for about ten days, and then 
closed by secondary suture, or after the bone and dura Lave been 
smeared with B.I.P P the •'kin edges may be sutured and drainage 
ensured by inserting rubber tubes at the extremities of the incision. 
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ENDOSCOPIC METHODS IN SURGERY 

Fob the purposes of this chapter, endoscopic methods in surgery may be defined 
as the methods of directly examining the larynx, trachea, bronchi, hypo-pharynx, 
oesophagus and stomach by means of tubular specula. Except in the case of the 
more recent gastroscopes, the endoscopic tubes are rigid and, of necessity, straight. 

HISTORY OP ENDOSCOPY 

The possibility of introducing straight tubes into the oesophagus no doubt arose 
from the knowledge that sword-swallowers could place the head and neck in such 
a position that the food passages became approximately a straight line. Once it 
was established that such positioning was possible in any patient and was not an 
anatomical trick of the sword-swallower, then msophagoscopy nas assured. The 
subsequent development to modern methods is mainly due to the ingenuity 
of surgeons and instrument makers in devising and constructing endoscopic 
apparatus. The progress of endoscopy is thus intimately bound up with the gradual 
improvement in instruments. 

The first examinations were made by means of tubes slightly conical in shape 
and about 8 eras, long, introduced into the upper end of the oesophagus, the lumen 
of the tube then being viewed in a laryngeal mirror. The first direct examination of 
the oesophagus is said to have been accomplished by Kussmaul in 18G8, using an 
urethroscope specially elongated to a length of 43 cms. He was able to see a car- 
cinoma m the thoracic oesophagus, and demonstrated the possibility of introducing 
rigid tubes into the lowest parts of the oesophagus by using the sword-swallowing 
position. In 1881 Mikulicz designed an oesophagoscope consisting of a tube into 
which he passed an optical apparatus with proximal illumination. Einhom, in 
1902, added an auxiliary tube in the wall of the main tube and in this he inserted 
a light-carrier to serve as a conducting wire to a small electric lamp which it carried 
at the distal end of the tube. In 1902 Killian first used the ccsophagoscope for 
the removal of a foreign body and showed a large pointed bone removed from the 
oesophagus of a woman aged 79 years. 

In 1828 Horace Green of Xew York conceived the idea of medicating the cavity 
of the larynx by catheterisation, and thus discovered the law of the tolerance of 
the larynx to the presence of a foreign body. 

In 1885 Joseph O' Dwyer introduced his intubation tubes for relief of stenosis 
of the larynx. These tubes ha\ e stood the test of time and are still made after his 
original model. From the work of Green and O’Dwyer were established the funda- 
mental principles m the evolution of bronchoscopy, namely, the tolerance of the 
larynx to the presence of a foreign body and the tolerance of the larynx to the 
continued presence of a foreign body. The principles of cesophagoscopy were soon 
used for the direct inspection of the larynx, trachea and bronchial tubes. Kirstein, 
in 1895, described the method of direct laryngoscopy, but thought it dangerous 
to enter the lower part of the trachea. That it was possible to introduce tubes 
4S07 
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into the entrances of the main bronchi was demonstrated by Killian in 1897. He 
showed that the large bronchi have thick solid walls supported by cartilage, that 
they have a high degree of elasticity, and, most important of all, that they are 
movable. These were great advances m the evolution of bronchoscopy. Killian 
also demonstrated in 1902 the necessity of having side-openings in the lower end 
hf the bronchoscope to enable the patient to breathe with one lung while the other 
bronehus was being examined. He was greatly assisted m his w ork by the inventive 
genius of Brumngs who perfected a handle containing a powerful electric light 
which could be reflected and focused down the bronchoscopic tube. Killian has 
nghtly been styled the father of direct bronchoscopy. 

In 1904 Cheiaher Jack-son combined the distal lighting principle of the Einhom 
cesophagoscope with the tube of Kilhan. To Jackson must be allowed the credit 
for the great impetus given to endoscopy in the early years of this century, for, 
by his ingenuity in designing instruments for special purposes, by his teaching, 
and by his insistence on the adequate training of an endoscopist, there has 
developed this speciality within a speciality. 

In this country due recognition must be given to the work of Negus who has 
designed a special endoscopic operating table and greatly improved lighting 
principles for his tubes, the latest of which combines the distal and proximal light 
in the same tube. 

INSTRUMENTS 

Endoscopic tubes have been constructed with proximal or distal lighting. 
The former, with Brunings’ lighting apparatus or with the more recent improve- 
ments by Haslinger, were especially suitable for diagnostic purposes. The manip- 
ulation of instruments through these tubes is not easy, and their free ends tend to 
be obscured in shadow, especially ni the smaller tubes. For accurate endoscopic 
treatment necessitating the passage of instruments through the tubes, the distal 
illumination is best and this principle of lighting is the one advocated and designed 
by Chevalier Jackson. An enlarged uew of the field may be obtained by a lens 
added to the proximal lighting apparatus or by direct-vision telescopes introduced 
down the tube when distal lighting is used. More recently, Negus has designed a 
bronchoscope which combines the distal and proximal lighting, and these tubes 
are here illustrated and described 

The usual type of laryngoscope is shown in figure 2GG0. It is made in several 
sizes fox adult, child, and infant The short lower part of the tubular portion 
slides oB w order to allow the removal of the laryngoscope from the mouth after 
the passage of the bronchoscope through it. The new type of twin electric bulb 
is used in the illumination of laryngoscopes and cesophagoscopes. The two beams 
of light are so arranged that they converge and cross each other at the point of 
emergence from the speculum, that is, at the site of operation. 

The bronchoscope (figs 2601, 2602 and 2603) is a long hollow brass tube with 
its distal end slanted and a short vertical handle at the proximal end. The light- 
carrier is housed in an auxiliary canal in the wall of the tube and its laiup lies m a 
recess in the bevelled distal end. On the short vertical handle is mounted the 
proximal light projector which can be moicd in or out of position as required. 
The short side tube fitted into the upper surface of the bronchoscope ends within 
the lumen near the proximal end and is used for the insufflation of oxygen or 
anesthetics. An additional tube may be incorporated into the whole length of the 
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bronchoscope and is intended for the aspiration of secretions. The additional 
size to the bronchoscope caused by this aspiration tube makes it a disadvantage 
in most tubes, and aspiration is best carried out by an independent aspirator. 
There are small holes in the walls of the distal end of the bronchoscope to allow 
air to enter from other bronchi when the tube’s mouth is inserted into one whose 
aerating function is impaired. 

The asophagoscope (see fig 2604) differs from the bronchoscope in not having 
lateral breathing holes and in it3 lighting system, which is by means of twin lamps 
in the wall of the proximal end of the tube similar to the laryngoscope. A suction 
tube may be incorporated as in the bronchoscope. 

Bronchoscopes and cesophagoscopes are made in varying sizes of diameter and 
A length In figure 2603 and the accompauying tables the measure- 

ments of the sizes most commonly used are shown. It was 

customary to identify the size of an instrument by the diameter of 

a its lumen when deciding upon the proper instrument for a given 
i age of patient. This procedure had serious drawbacks, since it 
disregarded the external measurements which \ary with different 
patterns of tubes, and in the case of bronchosco 
id oedema or even trauma of the vocal cords. 


IIRO.N C1IO SCOPES 


Size 

Octeule , 

<1. meter 1 

A. 

diameter 

ortr lamp. 

" B." 

Circum- 

ference. 

Length. 

Adult 

mm. mm. 

mm. 

mm. 

cm. 

11-0 

10 0 

8-7 

350 


Adolescent . 

90 

80 

6-7 

29-0 

40 

Adult aspirating . 

8 5 7-5 

62 

29 0 

40 

Child 

80 

7-0 

5-7 

26-0 

30 

Child aspirating . 

75 

6-5 

5-2 

26 0 


Infant 

60 

54 

41 



Lower bronchus 

7 0 6-4 


22 5 

45 


(ESOniAGOSCOPSS 


Outside Inside 

diameter. diameter 


Adult long, full lumen . 
Adult long, medium lumen 
Adult short 

Child .... 


18x20 

14x16 

16x18 

10x12 


tnm. 

15-6 x 17-6 
116x13 6 
13-6 x 15 6 
80x100 i 


mm. 

60 

48 


cm. 

45 


33 

33 


Tie sizes tnd.cated in tteTtilles are ,W 0 m<Bt commonly nseef 
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The .simplest and safest source of current is a dry ceil.’ These are provided, 
three in a box, with separate circuits each having a rheostat. Rubber-covered 
cords to plug into the box, and carrying a switch connection for the lamp-carrier, 
arc the best. All endoscopic tubes are provided with a duplicate lamp-carrier 
in case a bulb fails during use. 

An efficient electric suction apparatus is essential to endoscopy. It should be 
provided with an ample length of pressure tubing, and between this and the aspirat- 
ing tube is inserted a further length of rubber tubing and a small glass collecting 
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bottle. This section is sterilised with the instruments and enables the operator 
to obtain an. uncontaminatcd specimen of the suction products for pathological or 
bacteriological examination. Various aspirating tubes arc made. The broncho- 
scopic aspirator may have a straight open end or, for insertion into the sub- 
divisions of the bronchi, a flexible gum elastic end. (Esophageal aspiratore 
arc made with lateral eyes to prevent the trauma of the oesophageal mucous 
membrane which may occur if strong suction is exerted by an open end. 

Figures -COG and 2G07 illustrate the Jackson type of bougie made in varying 
sizes for bronchoscopic and oesophagoscopic dilatation and also a pattern of swab- 
holder. Swabs are made from rectangular pieces of gauze folded so that all edges 



Fig 2303. — Endoscopic forceps fob bronchoscopy 
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are hidden > and are made in different sizes for different sized tubes. A stock of 
these shotdd always be ready sterilised and packed into bundles by threading them 
on to a safety-pin. 

Endoscopic forceps arc made with a common pattern handle but with a variety 
of ends. The commoner ends are illustrated in figure 2608. By closure of the handles 

= - <D 
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the forceps end is drawn into a cylinder and is so closed. It is important to realise 
that by this method of closure the working length of the instrument is lessened 
as it comes into action on the foreign body, and allowance must be made by a pro- 
gressive insertion of the instrument during closure. A stronger type of forceps 
is useful for the removal of foreign bodies from the oesophagus. 

The use of radium m endoscopy has necessitated the designing of instruments 
for its introduction. Figure 2C09 shows the introducer for radon seeds into the 



tesophageal trail. It consists of a long cannula which has a sharp end and is 
graduated m centimetres, together with a stilette for pushing the radon seed out 
into the tissues. Figure 2011 represents a radon container for the bronchi. It 
consists of a hollovr cylinder with an outer casing which can be detached so that the 
radon seeds may be placed into grooves cut along the surface of the inner cylinder. 
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A spring with expanding ends serves to anchor the cylinder against the bronchial 
walls, and a special introducer is provided which draws the spring ends into the 
cylinder during introduction and removal. These are made in varying sizes 
according to the diameter of the bronchus to be radiated (fig 2610). 

Chevalier Jackson has a trained assistant to hold tho paticut’s head in the 
correct position during endoscopy, but in this country it is becoming customary to 
use a special head-rest or table. The Haslinger liead-rcst or its modification may 
be attached to any operating table. Negus has designed a special table for endo- 
scopy (figs. 2612 and 2613). The essential in all endoscopies is to maintain the 
correct position of the patient's head. In the case of laryngoscopy and broncho- 
scopy it is necessary for the head to be extended on the neck at the occipito- 
atlantal joint without extension of the neck. In fact, during most of the time the 
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zeci a fiww*. Tie special bead-res^ r . rir . t au i ti he azeaded {«■&&» _o£ the B^ad 
wile aEbwimr tieheui tote lowered or raised or oared front safe to side. 

Foe the procecrinc. c£ ti* Gperasor'a eya a file e-shield or spectacles must be 
woem The Eiae-anali » fitted vita a giiaa plate rfiiea be rotated when. one 
area beco mes soiled by tie coughing a nana s it of secretion. Tie glass should be 
prepared beforehand on. each surface wita a special grease to prevent sme a r in g 
f-r.pi. moisture m tie patient * cr operator a bream. 

rrtnW views of the field can. be obtained by tie use of dizect-visbn tele- 
scopes wh-eh are made to fit mto tie endoscopic tuie and provide an. upright image. 
For tie capecaoa of tie has of tie upper lobe bronchi. special retrograde 
telescopes are trade, Ttese all renters to fce warmed in. iot water prior to use in 
order to prevent mi-serr * of tie lera- 

\r»n-r otier acceaaory instruments Have been made fir special problems in 
endoscopy, and all Custrat* tie great skill and ingenuity of tie present-day 
in.it rumen t maker. 

AH endoscopic matrumesa. wki tie exception of tie lamps and their carders, 
may be ateriEied by boiling. Tie lamps are wiped over with surgical spirit, care 
being taken to see tea! tie actual terminals are not left wet. Tie rubber-covered 
electric leads should be placed in tie steriliser for two minutes only and care 
must be takes in tie LoiLug of any gam elastic p.rt. Some workers favour tie 
complete sterilisation of tieir instruments in firmalin vapour. 

(SSOPESIKteCCFT 

Indiesticai for (KicpAa£u*cop’/. 

(I) Tie knowledgi orsnsp xionof a foreign body being present in tie (esophagus. 

(-) Tie pern- tenc>* of any abnormal Sr-mation or disturbance of function, of 
tie esophagus. 

(i) For the confirmation of radmlogu^ firding3. 

(4) For tie purposes of biopsy. 

(5) To carry out local treatment. 

Conlra-IrdiaUi'j n* to (EtopHiGjjoiCOpj. 

Tiere are no absolute coatra-mdicatfous to CEsopbagotsCopy for tie removal 
of foreign bodies, though occasionally it may be considered vs« to defer farther 
attempts when a traumatic esophagitis Las developed following previous 
unsuccessful cr crddHed eSorea. In such a case tie foreign body might be dificult 
to find, while tie chances of further damaging tie esophagus by tie passage of a 
tube would be great. 

In general, patients with advanced cardiac or pulmonary di=ea.-e, aneurysm 
of tie aorta, (esophageal varices from cirrhosis of tie liver, or acute csopha^ris, 
either infective or from swallowing caustics, should not have the resopiagoscope 
passed. Clearly, each ca,e must be considered on its merits, since what be 

an afeofee contra-indication in one caoe might only be a reladre contra-indication 
in another. 

Preparation for Gfiophagaicopij. 

All pititna tot aaoplnjacop, siocld miiv, a -.-ml 
Thu u bKntul to ord-r so .iclcsfe sty distsu. tthicl, relit coare-iodltate tie 
propoad endoscopy. It is important, also, that there shoe!, I a Jod examina- 

tion of mouth, pharynx and larynx, tie last mentioned by means of the laryngeal 
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mirror. Some foreign bodies may not have reached the oesophagus and w ill be seen 
lying in the vallecula or pyriform sinus or, in the case of small fish bones, may bo 
impacted in the tonsil or base of the tongue. The presence of paralysis of the pharyn- 
geal muscles may explain a case of dysphagia, or a laryngeal palsy may be an 
aid in localising an oesophageal lesion. Acute inflammation of the larynx or pharynx 
might indicate the advisability of delaying an oesophagoscopy until such time as 
the condition was well when, possibly, the symptoms suggesting the ccsophagoscopy 
would have disappeared also. The passage of the cesophagoscopc when any degree 
of laryngeal oedema is present is distinctly liable to produce an acute laryngeal 
obstruction, while the existence of an acutely inflamed pharynx greatly increases 
the tendency to hamiorrhagc during an ccsophagoscopy. The mirror examination 
of the larynx may reveal a collection of frothy mucus filling each pyriform sinus 




Fig- 2014 . — X-RAY niOTOORAFUS Of A COLS LOWED IN THE Q.SOF1UQCS Or A CHILD, ILLCSTRATISO ITS 

rosrriot a the coronal plane. 

[Photograph* ly II. il. Worth ) 

an d also lying behind the arytenoids so that some may continually trickle into the 
larynx, causing cough. The presence of this puddle of secretion is diagnostic of 
a high oesophageal obstruction which may be due either to a high stenosis or to a 
reflex spasm of the upper sphincter, which spasm may be present from irritation 
anywhere in. the oesophagus. 

Whenever an ccsophagoscopy is indicated, an X-ray examination of the patient 
should first be made. This should include a screen examination in addition to the 
taking of films. The skiagrams may thus reveal an aneurysm or a mediastinal 
mass in addition to the oesophageal abnormality. It is imperative that films should 
be taken in the lateral as well as in the antero-posterior position, especially in the 
localisation of foreign bodies. It is important to remember in this respect that a 
fiat foreign body 'will lie with its greatest diameter in the coronal plane of the 
body when in the oesophagus, and in the sagittal plane when in the larynx or 
trachea (fig. 2614). The examination must be made also with and without the 
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swallowin'* of a radio-opaque substance. For the diagnosis of oesophageal obstruc- 
tion the consistency of the swallowed opaque mixture may have to be increased 
so that it is thick enough to be held up by the obstruction. Further help m this 
respect may be obtained by examining the patient in the horizontal position as 
well as in the vertical. Non-opaque foreign bodies may be demonstrated by allow- 
ing the patient to swallow opaque capsules which will be arrested on reaching the 
foreign body. In all cases of suspected foreign body, however, a negative report 
from the radiologist must not be allowed to outweigh history and symptoms in 
decidin'* whether an cesophagoscopy should be earned out. Jackson advocates 
that the X-rav examination should always include all the structures from the 
naso-pharynx to the tuberosities of the ischia ; otherwise a foreign body may be 
overlooked or, if one is found, others may be overlooked in cases of multiple foreign 
bodies. 

If cesophagoscopy is contemplated for the purposes of treating the oesophagus, 
such as the dilatation of strictures or the insertion of radium, then attention must 
be paid to the flwmlinpM of the mouth. Some workers advocate rendering the 
patient edentulous. This is certainly necessary in cases of carcinoma of the 
cesophagus, m which condition septic teeth are almost constantly found. 

A patient with prolonged and advanced oesophageal obstruction will certainly 
be in bad general condition and it may be advisable to defer ce&opbagoscopy, 
even for diagnostic purposes, until the strength of the patient has been improved 
by feeding via a gastrostomy. Patients with acute c&ophageal obstruction may 
be suffering from water starvation and for this reason are bad subjects for operation 
or endoscopy. Considerable improvement in their condition may be obtained by 
the giving of saline per rectum for 24 hours, and if potassium bromide be added to 
each volume of saline (CO grs. in each pmt) it will be found in many cases that 
the patient wfll be able to take fluid by mouth again. By this means it should be 
possible to defer the cesophagoscopy for a few days while the patient s condition 
improves and while other investigations are befog carried out. 

In addition, whenever possible, the Wassennann test should be performed. 

Anatomy. 

The general relations, blood supply and nerve supply of the cesophagus are 
enumerated on page I£>±0. 

For the purposes of endoscopy it is important to note certain details as to 
leDgth, size of lumen, direction, and movement of the cesophagus. 

Most cesophagcfccopej are marked in centimetres of their length, commencing 
at the distal end. The length of tube introduced can thus be measured against 
the lev el of the incisor teeth. 

The endoscopic landmarks consist of the upper and lower ends and three 
intermediate narrowings. The upper end is characterised by the presence of a 
sphfoctenc muscle, the crico-pharyngeus, which is a specialised band of the lower 
fibres of the inferior constrictor muscle. The muscle is attached laterally to the 
cncoid cartilage and posteriorly in the median posterior raphe. Its contraction 
pulls the cncoid against the posterior wall of the hypo-pkarvnx and thus closes the 
mouth of the cesophagus. This closure is tonic and constant. Opening only takes 
place as a co-ordinate part of swaliowmg or vomiting (fig. 2615). The lower end 
of the oesophagus is characterised by the change from the smooth mucous membrane 
of the oesophagus to the reddish gastric mucosal folds and by a gush of fluid from 
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the stomach. Tin's level must not be confused with the diaphragmatic narrowing 
v ln’ch is one or two inches above the junction of the oesophagus with the stomach. 

The three narrowings of the oesophagus are caused by the aorta and left 
bronchus which cross it anteriorly, and by the diaphragm which constitutes a 
lower sphincter. 

The aortic narrowing varies in degree, but if tho mouth of the oesophagoscope 
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be directed against the left anterior wall of the oesophagus, the pulsations of the 
aorta are markedly felt. , , , 

Immediately below this point the left bronchus causes a slight backward 
displacement of the oesophagus, and the ridge so caused may be prominent in 
elderly patients w ith dilatation. The lowest narrowing caused by the diaphragm 
is often mistaken for the lower end of the oesophagus. Jackson describes the 
arrangement of the tendinous and muscular structure of the diaphragm as acting 
on the low er end of the oesophagus in a way similar to a clip on the rubber tube of a 
laboratory burette. He also describes special bundles of muscle-fibres which extend 
from the crura of the diaphragm and surround the oesophagus, and w hich contribute 
to tome closure and co-ordinate opening. Keith, however, maintains that a true 



F>g 2616 — ' To UJxstbits rxoDrcna-e or th* correct rosinOT or the herd dukivj esooscorv. 
A. Patient muiLUnt B Head End necL dextd C. Hud evtciutfrl u ocojHto ftlUst&l jmal-. 
correct position. D. Head and neck extended — inc or rect position 


oesophageal sphincter exists in the wall of the oesophagus at the level of the hiatus 
of the diaphragm but entirely independent of it. 

There is a fourth narrowing, but this is not observable during cesophagoscopy. 
It is situated at the level of the superior aperture of the thorax and is probably 
produced by the crowding together of the numerous structures w hich enter or 
leave the thorax through this orifice. Its importance lies in the fact that it is the 
commonest le\ el for the lodgment of foreign bodies. 

The esophagus follows the curves of the cervical and upper thoracic sections 
of the vertebral column, and so in its upper two-thirds has a decidedly backward 
direction. Below this it turns gradually forwards to pass through the diaphragm 
anterior to and to the left of the aorta. In addition, the lower third takes 3 
marked turn to the left. These changes in direction must be borne in mind during 
the performance of cesophagoscopy as the position of the head and neck must be 
altered to allow the progressing cesophagoscope to point in the direction of tho 
part of the oesophagus in view. 
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The movements of the esophagus consist of tho intrinsic ones of involuntary 
muscular contraction, a3 in swallow ing and regurgitation, and of the extrinsic or 
transmitted movements. These are the pulsatory movements from the aorta and, 
lower down, from the heart itself, while the negative intra-thoracic pressure causes 
the lumen of the thoracic oesophagus to open up during inspiration. It must be 
remembered that the oesophagus takes part in any shifting of the mediastinum 
due to respirator)’ disease. 

Amaihesia for (Esophagoscopy. 

CEsophagosCopy may be carried out under general or local anaesthesia. It is 
possible to pass the cesophagoscopc without any anaesthetic at all, but this 
requires expert skill on the part of the operator and demands the co-operation of the 
patient to a degree that is unnecessary in most cases. Generally speaking, the 
beginner will be wise to use general anaesthesia in all cases unless such is contra- 
indicated by the condition of the patient. ^ls his skill increases he may adopt 
local anaesthesia. "Where spasm of the oesophagus is expected, as in cases of 
impacted foreign bodies, general anaesthesia is preferable. Young children do 
not tolerate cocaine and are unlikely to be co-operative, so that it is both safer and 
kinder to give them a general anaesthetic. The choice of nuaesthetic among expert 
endoscopists varies. In Jackson’s Clinic no anaesthetic, local or general, is used 
for adult ccsophagoscopy, while other workers reserve local anaesthesia for those 
cases only where a general anaesthetic is inadvisable. 

When local anaesthesia is adopted, a preliminary hypodermic injection of 
morphia (J- to $ gr. for adults) should be given a half to one hour before 
operation. This may be combined with atropine sulphate ( T Jo gr.) to minimise 
secretions and to obtain further anti-spasmodic effect. Some workers give also 
scopolamine hydrobromidc (lie to iin gr.). Immediately before the endoscopy 
the pharynx is sprayed with a 10 percent solution of cocaine, after which a few 
drops may be swallowed, which thus reach the hypo-pharyngeal region. Anaes- 
thesia is not necessary in the lumen of tho oesophagus, for this region is insensitive. 
In young children the appropriate dose of morphia and atropine may be given, 
but it is safer to omit the cocaine. 

In administering a general anaesthetic the preliminary medication and the 
method of induction of anaesthesia are matters of individual choice, but the main- 
tenance should always be by the intra-tracheal administration of ether, or of 
chloroform if diathermy is likely to be used. The necessity for the intra-tracheal 
administration lies in the fact that the presence of the cesophagoscope may cause 
pressure on the trachea and lead to respiratory obstruction, while in some cases 
of a dilated oesophagus with obstruction the introduction of the cesophagoscope 
may lead to a sudden flooding of the hypo-pharynx with accumulated fluid from 
the oesophagus and the consequent danger of its inspiration unless the air-passages 
are guarded by the positive-pressure anaesthesia. 

The use of basal anaesthetics such as avertin or evipan for oesophagoscopy has 
proved disappointing. They do not provide sufficient depth of anaesthesia to give 
muscular relaxation or to abolish the cough and retching reflexes, while, on the 
other hand, they cause a degree of unconsciousness which prevents the patient from 
co-operating with the operator. Their usefulness is therefore limited to their 
association with general anaesthesia. The same remarks apply in children to the 
use of nembutal by mouth or paraldehyde per rectum. 
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Technique of (Esophagoscopy. 

Before commencing an cesophagoscopy, it is imperative that the operator 
should himself check the instruments and specially examine the lighting apparatus. 
A spare light-carrier should be prepared for each cesophagoscope, and duplicate 
electric leads fitted into the batteries. The suction apparatus must be tested, and 
the control of this delegated to a specific assistant. A second assistant is advisable 
in order to hand to the operator the requisite instruments. 

The lay-out of the theatre should be a matter of routine. Preferably, the 
anaesthetist and his apparatus are placed to the left of the patient’s head and of the 
operator, the latter sitting or standing at the head of the table. On the operator’s 
right hand stands the instrument assistant with the table of instruments at his 
side and slightly behind the operator. The suction apparatus is immediately 
behind the operator, and when suction is required the aspirating tube is handed 
over the operator's right shoulder. Instruments are handed to the operator in 
a position ready for introduction. 

A special endoscopic table or head-rest is not so essential for msophagoscopy 
as it is for bronchoscopy. Any operating table with an easily adjustable head-end 
can be used. The theatre should be darkened and the operator should wear 
protective spectacles or a face-shield. At every endoscopic examination the 
instruments necessary for a tracheotomy must be ready for instant use. 

The patient is placed lying on his back, with the head extended on the neck, 
i.e. at the occipito-atlantal joint (see fig. 2616). This extension must be main- 
tained throughout the examination and is easy when the patient has relaxed under 
general amesthesia. AVhen the examination is being carried out under local 
anaesthesia, an occasional word of explanation and encouragement to the patient 
suffices. The raising or lowering of the head of the table will provide the flexion or 
extension of theneckthatisrequiredaccording totheposition of the cesophagoscope. 

The proximal end of the cesophagoscope is held in the right hand in pen fashion, 
while the index finger and thumb of the left hand encircle the tube to steady it. 
The other fingers of the left hand are hooked over the upper teeth and retract the 
upper lip to prevent it from being pinched beta een tube and teeth. The handle of 
the cesophagoscope is kept pointing upwards, for in this position the operator 
knows that the bevelled end of the tube is downwards. The tube enters the right 
angle of the mouth and the point is guided over the side of the tongue until the 
epiglottis is in view. The bevelled end is now sliding along the post-pharyngeal 
wall, and keeping to the right it enters the pyriform fossa. Passing on another 2 to 
3 centimetres, the lumen disappears, the upper sphincter of the oesophagus — the 
crico-pharyngeus— having been reached. The point of the tube is now directed 
towards the mid-line and at the same time is firmly lifted by pressure of the left 
thumb. With the next inspiration, or if the conscious patient be asked to swallow, 
the sphincter opens and the lumen of the cervical oesophagus is seen ahead. The 
tube slips through easily and passes onwards readily. During this initial stage of 
introduction the head of the table must be raked so that the cervical cesophagus 
is in the same axial direction as the upper half of the thoracic cesophagus. With the 
further passage of the tube, the thoracic cesophagus is reached and the movements 
of expansion and contraction with respiration will be noted. The walls of the closed 
(Esophagus are thrown into longitudinal folds, leaving an irregular star-shaped 
lumen which will probably fill with fluid cesophageal contents. The aspiration 
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tube may be passed down to remove these, as it is essential at all times to maintain 
a clear field of vision before passing the tube farther down the oesophagus. It will 
now be noticed that the lumen of the oesophagus tends to disappear anteriorly, 
and to combat this change in direction the head of the table must be lowered 
coincidently with the further passage of the tube. At this point the pulsations of 
the aorta may be felt, and seen if the left au tenor wall be inspected. The remainder 
of the thoracic oesophagus is easily traversed until the level of the diaphragm is 
reached. By this time the head will bo lowered below the horizontal, and the lumen 
of the oesophagus will again disappear, but this time to the left. Moving the 
patient’s head laterally to tho right and searching the anterior wall of the lumen, 
the loner sphincter will be in view. This constriction will appear as a vertical 
slit, and moderately firm pressure is required to pass the ccsophagoscope through 
it. Another 2-3 cms. and the cardia will be reached, appearing not as a con- 
striction but showing by the rolling into the tube mouth of dark red folds of 
gastric mucosa and a gush of fluid from the stomach. Further passage of the tube 
constitutes a gastroscopy. 

During the whole of the passing of the oesophagoscope the operator’s eye must 
be at the tube’s mouth, for it is imperative that the procedure should be carried out 
entirely under vision. The chief points to note are the size and shape of the lumen, 
the presence or absence of normal movements, the colour and surface of the mucous 
membrane— especially any tendency to bleeding— and, lastly, any abnormal 
contents. 

The (Esophagus considered Endoscopically. 

Congenital Malformations. These are all rare, and a large proportion are 
impossible to treat. From a diagnostic point of view it is of interest that it is 
possible to pass a 4 or 5 nun. tube in the new-born child, and in the case of an 
imperforate (esophagus such a procedure will provide conclusive evidence. 

1. Congenital Strictures. These may not be suspected until the child’s diet 
becomes more solid, and in some cases are not discovered until an endoscopic 
examination is made in the adult on account of dysphagia. The stricture is usually 
m the lower third of the oesophagus. On cesophagoscopy a narrowing of the lumen 
is found without scarring of the margins. In the case of adults with long-standing 
dysphagia there will be seen dilatation of the oesophagus above and some evidence 
of chrome (esophagitis in the region of the stricture resulting from the irritation 
of delayed food. Occasionally an unusually large piece of food is found impacted 
in the narrowed lumen. The treatment is by gradual dilatation by bougies similar 
to that for acquired strictures (see page 4826). This should always be done under 
vision and m gradual stages ; otherwise it may need to be repeated throughout life 
at varying intervals, owing to the formation of scar tissue at the site of the stricture 
and the transformation of a congenital into an acquired stricture. 

2. TKebs and Membranous Obstructions. Partial or complete closure of the 
cesophageal lumen by a membranous diaphragm may be diagnosed endoscopically. 
The former is best seen when the oesophagus is examined with a large-size tube so 
that the walls are put on the stretch. As Abel points out, infants with complete 
cesophageal obstruction should be examined endoscopically on the chance that the 
obstruction is due to a thin membrane, since this is a curable condition. The 
mere passage of the cesophagoscope is usually sufficient to rupture the membrane ; 
if not, careful bouginage must also be employed. 
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3 Short (Esophagus. The endoscopic appearances in this interesting condition 
have been fully described by Brora Kelly ( Journal of Laryngology and Otology, 
1931, XLYI, 797). He finds that the stenosis shown radiologically is, in fact, the 
diaphragmatic and abdominal parts of the normal oesophagus, while the section 
of the alimentary canal between the stenosis and the hiatus oesophagus of the 
diaphragm is not a dilated lower part of the oesophagus but the upper part of 
the stomach in the thorax. When examined with the cesopbagoscope a dilated 
(esophagus is found down to the level of the stenosis, where the lumen gradually 
narrows without change in the appearance of the lining membrane. The endoscope 
will then be found to pass with little difficulty along the stenosis, which may vary 
m length from 0 !y ~ 2 ems , into a space lined with gastric mucosa. The identity 
of this space with the stomach or a portion of the stomach may be confirmed 
by observing the change in reaction of the secretion above and then below the 
stenosis, or by removing a portion of the lining membrane below the stenosis for 
microscopical examination. If dysphagia arises in this condition from cicatricial 



stenosis, gradual dilatation is indicated. This may be. carried out by graduated 
bougies or by a rubber bag distended with water as advocated by Negus (fig. 2617). 

Foreign Bodies in the (Esophagus. 

For a complete account of the various problems concerned with the endoscopic 
removal of foreign bodies in the cesophagus the reader is referred to Chevalier 
Jackson s Diseases of Air and Food Passages of Foreign Body Origin, 1936. 

It must be emphasised that the treatment of a suspected foreign body in the 
cesophagus should be by an endoscopic examination with removal of the foreign 
body at the same time. Endoscopy for the purpose of a preliminary' look is not 
justified, so that all instruments likely to be needed for the removal must be 
prepared. 

He usual preparation for oesophagoscopy should be carried out as far as is 
possible, hearing in mind that the presence of a foreign body is in the nature of a 
surgical emergency. The preliminary X-ray eaaniinatiou may help to locate tho 
lei el of impaction and give some idea of the size of the foreign body, but in the iace 
of history and symptoms a negative X-ray report must be ignored. If it is possible 
to obtain a duplicate of the sivalioived object the particular problem of its removal 
may bo studied anil practised in the interior of a rubber tube of approximately 
the same size a3 the patient’s (esophagus. 
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General anaesthesia administered by the intra-trachcal method is more suitable 
than local anaesthesia for the removal of foreign bodies. There is frequently spasm 
associated with the impaction of the foreign body and there may be, in addition, 
considerable swelling of the mucosa of the oesophagus so that the relaxation of the 
muscular walls will permit the introduction of the ccsopliagoscopc and the removal 
of the foreign body with less likelihood of trauma. The possible dangers of respira- 
tory obstruction occurring during anaesthesia from the presence of the foreign body, 
especially if large, arc obviated by the intra-trachcal method of administration. 

Great care must be exercised during the introduction of the oesophagoscope, 
since there may be considerable alteration in the usual landmarks due to oedema of 
the mucous membrane not only at the level of the impacted foreign body but well 
above it. It is easy for the advancing lip of the tube to push a fold of mucous 
membrane in front of it, causing the foreign body to be overlooked or even pressed 
upon with the consequent danger of further damage to the walls of the oesophagus. 
The foreign body may be obscured also by secretion and food debris or by bleeding 
induced by the manipulation. Constant aspiration must be employed to keep the 
field of vision as clear as possible. As soon as the foreign body ia seen, the tube must 
be manipulated to determine its exact position rclathe to the lumen of the oeso- 
phagus and especially to decide whether any part of the foreign body is embedded 
in the oesophageal wall. The first step in removal must be the proper manipula- 
tion of the foreign body to disimpact it ; secondly, to see that it is held m forceps 
in such a position that any sharp points it may possess will trad behind during 
removal ; thirdly, gently to draw the foreign body into the tube mouth if this is 
possible, but more often to hold it firmly against the tube mouth, when the 
cesophagoscope, forceps and foreign body are withdrawn as one. The particular 
problems arc concerned with the second stage, i.c. the manipulation of the foreign 
body into the proper position for removal. Such a problem is well illustrated in the 
case of an open safety-pin, which is usually swallowed with the point uppermost. 
Jackson describes sixteen methods of dealing with this, of which the principal are : 

(1) By sheathing both ends of the pin into the mouth of the cesophagoscope 
( best for pins not widely spread). 

(2) By version of the pin in the oesophagus. The spring of the pin is grasped 
in rotation forceps (sec fig. 2 608 , d) and is pulled towards the mouth of the 
cesophagoscope which is directed strongly away from the pointed end, and 
so allows the point to trail through 180 degrees. 

(3) By \ ersion in the stomach. The spring is held in rotation forceps and the 
pm is pushed into the stomach where it easily rotates when withdrawn 
against the mouth of the cesophagoscope. 

(4} By sheathing the point. The point is seized by Tucker forceps (see 
fig 2G08, E) and drawn into the cesophagoscope in such a way that only the 
smooth keeper branch remains between the tube and the oesophagus. 

Other points to bear in mind with particular foreign bodies are : 

(1) A flat foreign body must be turned so as to bring its greatest plane coronally, 
since this is the way it went down behind the cricoid. 

(2) Tooth-plates are frequently fitted with wire loops which constitute 
dangerous sharp pomts when manipulating them. 

(3) Food particles are uncommon foreign bodies in a normal oesophagus. 
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Following the removal of the foreign body, the patient should be kept in bed. 
In the cnee of the removal of smooth objects where it is rectum that no injury has 
been caused to the tesophajieal nails, otdmaty soft food may be green at once, 
but to all other patients nothing should bo given by mouth except boiled water 
for the Gist 24 horns. If the general condition of the patient demands it, rectal 
feeding must be emploved. Anxiety lest a serious complication may are* trill not 



pAts3 until the patient has a normal temperature and puke-rate, a dean tongue, anti 
no dysphagia, and it is most important to keep the patient under close observation 
during this period. 

Diuriicula of the (EiOfiarpjt. 

Apart from the pulsion diverticula occurring at the pharyngo-cesophageal 
junction, diverticula of the oesophagus are rare and are usually observed accident- 
ally during an cesophagoscopy for some other reason. They consist of two types, 
pulsion and traction diverticula. The former are found in the region immediately 
above the diaphragm and are probably congenital. The traction diverticula axe 
due to adhesion between the oesophagus and glands in the region of the bifurcation 
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of the trachea. Hence they are found at this level and mainly on the anterior wall 

(fig. 2018). 

The so-called “ oesophageal pouch " or pharyngeal diverticulum may bo 
observed endoscopically (fig. 2019). Its opening occurs at the upper constric- 
tion of the oesophagus and the pouch herniates posterior to the oesophagus 
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through a gap between the circular and oblique fibres of the inferior constrictor of 
the pharynx. When the ccsophagoscopc is introduced, its tip tends to slip into the 
open mouth of this hernia rather than through the dosed upper sphincter of the 
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oesophagus, which may be found above and anterior to the opening of the pouch 
(fig. 2620). It is difficult to bring both openings into view at once since the tip 
of the tube is at this level balanced behind the cricoid. The interior of the pouch 
may be viewed and its extent estimated. Its walls are often ulcerated and coated 
with food debris and, being thin, care must be taken not to perforate them. 
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Endoscopy is of value in treatment only as a guide to the surgeon performing an 
external operation (see 1 oL II, page 1903). 

Inflammatory Diseases of the (Esophagus. 

Endoscopy is not advisable in any case of acute cesopbagitis. If signs of 
obstruction develop during the healing stages it is wiser to defer cesophagoscopic 
examination until the inflammatory condition is quiescent, which may be assumed 
when there is no pain on swallowing. The subsequent treatment is that of any 
stricture present. 

In cases of acute phlegmonous oesophagitis where it is suspected that a localised 
abscess has formed, it is justifiable to perform an ce^ophagoscopy and to attempt 
the incision of the abscess into the lumen of the oesophagus. The previous removal 
of a perforating foreign body may lead one to expect the possible development of 
such a condition. The patient is gravely ill and complains of complete oesophageal 
obstruction with agonising localised pain on any attempt at swallo wing. The writer 
believes that the best chance of recovery from such a condition is secured by 
keeping the oesophagus at rest by rectal ot gastrostomy feeding and in delaying 
any endoscopic procedures m the hope that the suppurative area will become 
localised. The abscess will then usually burst into the lumen of the tesophagus, 
but, should it not do so, endoscopy may be performed and an incision made into it. 

(Esophagoscopy is occasionally required in the diagnosis and treatment of 
patients with chronic esophagitis, but this condition is usually secondary to some 
other oesophageal lesion ot is found in alcohol addicts and smokers. In addition 
to removing the cause, any areas of ulceration or erorion may be treated weekly 
with silver nitrate 10 per cent solution applied on a bronchoscope swab. The same 
treatment is applicable to the peptic ulcer of the cesophagU3, though this is rarely 
required. 

Cicatrtcial Stenosis of the (Esophagus 

Strictures resulting from the swallowing of a corrosive fluid are usually found 
at the anatomical levels at which narrowing of the resoplmgus occurs. They are 
frequently multiple. The endoscopic appearances vary according to the stage of 
the lesion (see fig. 2621). In a recent bum there may be considerable ulcerative 
and bleeding areas. Later, scarring takes place and with the resultant obstruction 
dilatation will occur above. There may be dilatation between two strictures, 
with the stagnation of food and consequent oesophagitis. The colour of the scarred 
area 13 usually paler than that of normal mucosa. Usuallv the scar is eccentric and 
involves only a part of the circumference of the wall. Occasionally it is annular. 
The normal movements of the oesophagus may still be present if the amount of 
scar tissue is smalL If the lumen is not too much reduced it mav be possible to see 
another stricture beyond tbe first, wnh a dilatation of the oesophagus between. 

The endoscopic treatment consists of gradual dilatation of the stenosis with 
bougies passed under direct vision. Any blind bouginage must be condemned as 
dangerous. The a-ophageseope is passed down to the level of the stricture, food 
debris and secretion removed, and the lumen of the stricture centred in the line 
of vision. An resophageal bougie (<ee fig. 2607) is then paased gently throngb the 
stricture, using a size which can jost be passed. This U left in situ for a minute 
and then a size larger is substituted. Several successive sizes are used and then the 
whole procedure is repeated in a weeks time. When a lumen of 7-10 nun. has been 
reached, the treatment may be carried out at longer intervals and then subsequently 
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as may be necessary. Tile more gradual the dilatation, the better the result. No 
force must be used at any stage for fear of splitting the (esophagus. 

In some cases the lumen of the oesophagus is so small and so tortuous that the 
passage of a bougie is impossible. Retrograde dilatation via a gastrostomy is 
then needed. The patient is given a length of silk thread to swallow, which 
eventually finds its way through the stricture into the stomach and even through 
the pylorus. The tight length of thread in the stomach may be fished for in the 
gastrostomy wound and attached to n Tucker bougie of small size. A fresh 
string is attached to tho other end of the bougie, which is drawn through the 
stomach up into the oesophagus and through the stricture. The newly attached 
string serves for the attachment of a second bougie. Sizes are increased only at 
long intervals ; never until a preceding size comes up loosely. 

Neoplasms of (he (Esophagus. 

(1) Innocent. Innocent tumours of the oesophagus are exceedingly rare and 
are usually discovered accidentally during the course of an oesophagoscopy. 
Guiscz noted only 3 benign tumours among 3000 tumours of the (esophagus. 
They may be pedunculated or sessile. Tho former often ariso in the pharynx with 
the main mass hanging into the oesophagus. They may be removed by simplo 
avulsion, by diathermy, or by snaring. Sessile tumours are rarely diagnosed 
during life. 

(2) Malignant . Endoscopy is required to confirm the diagnosis of malignant 
disease of the (esophagus and is the principal means at our disposal at present for 
its treatment, both palliative and active. 

Diagnosis. While the endoscopic appearances of a carcinoma of the oesophagus 
leave little doubt as to its nature, it is customary before commencing treatment 
to confirm the diagnosis by biopsy. Special sharp cupped-end forceps arc made 
for this purpose and in removing a portion of the tumour it is wise to try and obtain 
a specimen from the main mass of the growth and also from its growing edge. 

On endoscopy, the lumen of the oesophagus will be seen to be filled with thick 
white frothy mucus and food debris. This must be removed by the suction apparatus 
and great care taken that the point of the aspirator does not touch the walls of 
the oesophagus and induce bleeding, which is extremely prone to happen. If 
there has been long-standing obstruction, a fair degree of dilatation of the lumen 
will be seen above the level of the growth especially if this is at the lower end. 
As the stricture is approached, the walls of the oesophagus appear thickened by 
infiltration and do not show the normal respiratory movements. Further careful 
cleaning by suction or mopping will reveal the surface of the growth. The appear- 
ances of this vary according to the type of tumour : 

(1) Polypoid— projecting type. 

(2) Ulcerating type. 

(3) Infiltration beneath mucosa — scirrhus type. (See figs. 2622, 2623 and 2624.) 

(1) The lumen of the gullet is obstructed by epitheliomatous exuberant 
granulations, covered with purulent secretion, more or less pedunculated, easily 
detached, and bleeding at the slightest contact. The projecting tumour may occupy 
more than half the circumference of the lumen, reducing the canal to a sht. The 
attachment of the granulation is on a broad base which is raised above the 
surrounding mucosa so as to form an elevation. 

(2) A more or less large ulcer is situated on one aspect of the mucous membrane 
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which is indurated and raised above the surrounding surface. The base of the 
ulcer is purulent. The edges are projecting, crateriform, and bleed readily. 

(3) The wall in a certain area is raised and infiltrated beneath the surface. 
It presents a fixed appearance, contrasting with the mobility of the opposite side. 
The surface of the area is smooth or granular and bleeds at tbe slightest touch. 
The infiltration may often extend for some distance under the mucosa and approxi- 
mate to the opposite wall so as to cause stenosis. 

Finally, all types may be combined, especially when the disease is advanced, 
Tbe appearances common to all types are the immobility and thickening of the 
wall upon which the disease is situated, and the abnormal tendency to bleeding. 

By the time that a carcinoma of the oesophagus causes symptoms of dysphagia, 
it is already in an advanced stage and treatment is unlikely to be more than 
temporarily successful. It would seem that the opportunity for improving results 
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in treatment must depend on earlier diagnosis. To this end it is necessary to 
emphasise again and again the need for oesophagoscopic examination in all patients 
complaining of minor disturbances in swallowing. 

Treatment. Endoscopic treatment consists of : 

(1) Dilatation by bougies. 

(2) Intubation. 

(3) Removal of the growth ; morcellement. 

(4) Diathermy. 

(5) Insertion, of radium in lumen ; implantation of radon seeds. 

(1) Simple dilatation of the stricture of the oesophagus with graduated sounds 
is the customary palliative method of treatment in the Mayo Clinic, as described 
by Vinson and Moersch. The dilatation can be carried out more quickly than 
is the case with simple strictures. In 502 dilatations for carcinoma carried out 
at the Mayo Clinic in 6 years, there were only 3 fatalities due to splitting of the 
oesophagus. The majority of patients can swallow fairly normally for a period of 
<} to 8 weeks, after which the process may be repeated. 

(2) Intubation is carried out by the introduction of some kind of tubular 
funnel into the oesophagus, this being passed into the narrowed part of the lumen 
and maintaining a passage for food by tunnelling the growth. The original tube 
was introduced by Charter Symonds and was composed of gum elastic. Souttar haa 
advocated the use of a tube made of a coil of German-silver wire. It has a cone- 
shaped upper end which rests on top of the stricture, and to prevent upward move- 



ENDOSCOPIC METHODS IN SURGERY 


4629 


mcnt the tube is made oval in section and a spiral twist is given to the oval. The 
insertion is done via an ccsophagoscope under vision. A large-diameter oeso- 
phagoscope is required in order to permit the introduction through it of the tube. 

The method of insertion is as follows : “ After dilating the stricture as far as 
is considered safe, a tube of suitable size (fig. 2625, c) is selected and is threaded 
on to an introducer (fig. 2625, d). This slides over the guide wire (fig. 2G25, top) 
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winch is still in place and serves to steer the lower end of the tube through the 
stricture. The introducer and the guide bougie are now withdrawn through the 
ring (fig. 2625, e) which is then itself withdrawn and the tube is left in place, its 
expanded upper end resting on the face of the stricture.” (B.J.S., July 1927, 
89.) (Fig. 2626.) 

The method is applicable to growths in all situations except the cervical 
oesophagus. In the large majority of eases the immediate result is very satisfactory. 


A 3 
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The patients are able to swallow liquids and soft foods with no difficulty, in most 
cases till very near the end of their lives. 

(3) In the proliferative type of case, considerable alleviation of the dysphagia 
can be obtained by the endoscopic remoial of the protruding portions of the growth 
by means of punch forceps or snares. 

(4) Diathermy of the oesophagus has been advocated and practised by Wright 
(B J S., July 1927, 71). General anaesthesia with chloroform is used while the 
actual operation takes place. A large-sized oesophagoscope is passed, and the region 
of the growth rendered as dry as possible by careful suction. The special electrode 
used consists of a long insulated shaft and handle to tho end of which various 
terminals can be screw ed. The terminals consist of (a) a disc 7 mm. in diameter ; 
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(6) a small spike ; and (c) a gum elastic bougie end with, at its base, a conical 
metal ring which forms the actual terminal. If the growth involves one portion 
of the circumference only, the disc or spike electrode can be applied under direct 
vision. Often, however, where the growth is forming an annular narrowing, it is 
difficult to judge when the lower end of the growth has been reached if the dia- 
thermic destruction is carried out from above downwards, and a severe risk is 
taken of damaging normal cesophageal wall In such a case the bougie electrode 
is used and is passed under vision through the stricture, as large a size of bougio 
end bem« used as is possible. It is then slowly withdrawn until the conical base 
of the bougie end meets with the resistance of the lower end of the growth. At 
this point the current is switched on and continuous traction made on the instru- 
ment until it cuts its way out and comc3 mto view at the upper end. Wright 
believes that at least a fortnight should be allowed to pass before deciding as to 
the result of any one application and that any further application should not take 
place sooner than a month. Diathermy can be employed on any patient provided 
the general condition will permit an oesophagoscopy. The whole procedure take9 
a very short time and the amount of shock produced is extremely slight. If the 
general condition is bad, a gastrostomy may be performed first. No cures by 
diathermy have been recorded, hut it enables a food passage to be established with- 
out undue nsk or suffering to the patient as a result of the operation. 

(5) Radium and Radon Seeds. Radium may be applied to the lumen of the 
oesophagus in a container or by inserting needles mto the wall. The latter is 
dangerous as it is difficult to anchor the needles or to extract them when sufficient 
radiation has taken place Thus for actual insertion into the growth radon seeds 
are used. 

Various methods of applying radium in a container have been adopted. 
Guisez advocates placmg the radium in a special long cesophageal catheter which 
can be fixed externally to the patient’s bead so that its position in the oesophagus 
is kept constant. The required dose of radium is suspended in the lumen of tho 
catheter and sewn in position. 

It is important '■ 

(a) To measure the exact length of the growth and its distance from the 
incisor teeth 

(h) That the patient should not be too cachectic ; 

(c) That the remnant of (Esophageal lumeu should be recognisable and still 
permeable ; 

(d) That there should be no demonstrable extensions of tbe growth. 

The length of the growth is decided by a previous cosophngoscopy and by tbe 
passing of an oln e-headed bougie through the stricture, and then notinv the point 
at which the olive is held up when withdrawing it. Also preliminary skiagrams, 
taken with the patient first upright and then in the Trendelenbur" position, will 
give further evidence as to the length of the stricture An cesophageal catheter 
of a size that comfortably fits the lumen of the growth is used and the appropriate 
dose of radium is fixed into it. The catheter is then passed dou n the .esophagus 
to such a distance that tbe portion containing the radium is accurately placed in 
the stricture. The application of radium is made every 2 dap for 10-12 hours, 
and 5 or C sittings constitute a complete treatment. 
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Other workers have applied the rndiuiu to the outside of an intubation tube, 
such as Souttar’s, fixing it to strapping which is bound sticky side out, and cover- 
ing the whole with a special band of thin dental rubber. The radium is applied 
to a length of the tube corresponding to the length of the stricture and in some 
cases specially long tubes are needed. The disadvantage of this method is that there 
is no means of preventing the tube from slipping upwards (its possible movement 
downwards can bo prevented by a thread attached and brought out of the mouth). 

Musgravc Woodman in advocating the use of radon inserted into the growth 
makes the following points against the use of radium in containers in the lumen 
of the growth (Journal of Laryngology and Otology, 1929, XL1V, 58-1) : 

(a) The difficulty of fixation. 

(b) The central dose is in contact with the oldest part of the growth and is 
furthest from the active-growing edge. 

(c) Radium in contact with sepsis increases scpticity. 

(d) The presence of a mechanical appliance in the lumen for any length of time 
tends to be followed by ulceration and stricture formation. 

He describes the insertion of radon seeds into the substance of the growth and 
points out that their activity is of limited duration and that they may therefore bo 
left in the tissues. 

lladon acids are inserted by means of a special trocar and cannula introducer 
(see fig. -GOO) which has its proximal end marked in centimetres. Under direct 
vision the instrument is passed into the upper edge of the growth and pushed 
downwards into its substance in the wall of the oesophagus to a distance just short 
of the known length of the stricture. The trocar is then withdrawn, a seed put into 
the cannula, and the trocar rc-inserted to push the seed out into the tissues. 
The cannula is then withdrawn one centimetre and the procedure repeated. It 
is possible to place several seeds in line one above the other in this way. The in- 
sertion is then repeated in another part of the circumference of the growth and 
another column of seeds introduced. Negus advocates four introductions of seeds 
round the circumference and as many as three seeds in each. Jobson and Steele 
have combined this method with a gastrostomy and the insertion of further seeds 
from below by retrograde cesophagoscopy through the gastrostomy opening, 
but it is doubtful if this is necessary. An X-ray examination of the patient 
after operation will demonstrate the seeds in situ (fig. 2628). Sometimes it 
is found that some of the seeds have been re-inserted into the lumen and so lost. 
Others are eventually found to have passed into the mediastinum, though this 
causes no harm. 

LARYNGOSCOPY, TRACHEOSCOPY, AND BRONCHOSCOPY. 

Endoscopic examinations of the air-passages are conveniently described 
together, since a direct laryngoscopy is a necessary part of the introduction of the 
bronchoscope Into the trachea and bronchi. The functioning of the laryngeal 
muscles can best be studied by the use of the laryngeal mirror, as the presence of 
the direct laryngoscope may cause reflex spasmodic mo vementa and some distortion 
of position. 

Recent developments in thoracic surgery have emphasised the importance of 
bronchoscopy, for it is an essential preliminary examination to all operations on 
the lungs. 
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Indications for Endoscopy of the Atr-Pas-aps. 

(1) Suspected foreign body. 

(2) For information as to the site and extent of any pulmonary and many 
mediastinal lesions. 

(3) For He colleerion of uncontaminated secretion for culture. 

(4) For the purposes of biopsy. 

(o) For the introduction of lipiodol into a particular part of the tracheo- 
bronchial tree. 

(6) For the treatment of many laryngeal and pulmonary direases. 
Contra-Indications. 

There are no conna-induationa to the removal of a foreign body 

na,i™t n'r® are relative, aud the Joudition of the 

pati ent thoald he a ma , ter for .hscussion betaeen physician, thoracic surgeon 
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Preparation of the Patient. 
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the laryngeal mirror should be made in order to exclude any local disease which 
might contra-indicate tho endoscopy. A brief description and explanation of 
the proposed examination should be given to the patient beforehand, especially 
to dispel any fears he may have with regard to suffocating while tho tube is in tho 
larynx. Preliminary instruction as to breathing and the position required of him 
will enable the operation to be carried out more easily ami more expeditiously. 
This is particularly important \\ hen the patient has had pre-operative medication 
with morphia and hyoscine and therefore may not so readily understand instruc- 
tions given during the examination. 

Anaslhesia. Endoscopic examination of the air-passages is best carried out 
under local anaesthesia. The giving of a general anesthetic may be permissible, 
but it adds to the difficulties of the operator. An intra-trachcal anaesthetic catheter 
lies comfortably in the posterior part of the larynx between the arytenoids, and its 
presence does not interfere with the passage of endoscopic tubes. On the other 
hand, the anaesthetic vapour is constantly a source of irritation to the operator’s 
eyes, it causes congestion of the mucous membrane of the bronchi and trachea and 
thus increases the secretions, and, finally, there may be a haziness of definition 
of objects seen beyond tho tube mouth. When local anaesthesia is used, a prelimin- 
ary injection of morphia, atropine and hyoscine may be given, as detailed in the 
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section on oesophagoscopy. The anaesthesia is obtained with a 10 per cent cocaine 
solution and is carried out as follows : Two or three sprayings of the mouth and 
pharynx are followed a few minutes later by the application of a swab which is 
held in a pair of laryngeal forceps (fig. 2029), dipped in the cocaine solution, and 
then introduced into each pyriform fossa for about two minutes. If the swab is 
passed slowly over the side of the tongue with the patient breathing quietly, it 
will slip into the corresponding pyriform fossa. By this means anaesthesia of tho 
larynx is obtained by the blocking of the superior laryngeal nerve. With a laryn- 
geal mirror the larynx is then inspected and, with a special syringe and cannula, 
£ to 1 cc. of cocaine solution is dropped through the glottis into the trachea. 
This will probably induce a cough and so help to scatter the cocaine solution over 
the tracheal walls. Should coughing be troublesome during the subsequent 
manipulations m the bronchi, a further local application of cocaine w ill he made as 
required. The most sensitive situations would appear to be the bifurcation of the 
trachea and around any intermediate bronchial spur. 

Endoscopic Anatomy of the Trachea and Bronchi. 

Figure 2630 shows the trachea and its division into bronchi and these again 
into sub-divisions for the various lobes of the lungs. The endoscopic appearances 
at certain levels arc indicated, but it must be realised that the diagram requires 
turning upside down to obtain the view as seen during bronchoscopy. The trachea 
appears as a tube slightly flattened on its posterior wall, its mucous membrane is 
moist and glistening, whitish in circular ridges corresponding to the cartilaginous 
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rings and reddish in the intervening grooves. The trachea is about 12 cms. long, 
and at the level of the second costal cartilage bifurcates into left and right main, 
bronchi. The septum between the two main bronchi, known as the Carina, is 
situated to the left of the mid-tracheal line. It appears as a sharp spur-like 
ridge running vertically as viewed in the recumbent patient and widening a httle 
at each end It is important to note its appearances, as they may be altered by 
any displacement of the main bronchi or by changes in the inter-bronchial space. 
The right main bronchus is more nearly in a straight line with the trachea than 
is the left bronchus and, in fact, may appear as a direct continuation. It almost . 
immediately shows on its right wall a smaller edition of the carina, the spur 
between the main bronchus and that to the right upper lobe. The orifice itself 
can be seen only partially when it is brought into view by extreme lateral dis- 
placement of the patient’s head to the left, owing to the sharp angle which the 
upper lobe bronchus makes with the mam bronchus. About 3 cms. further down 
the right main bronchus another branch is seen, that to the middle lobe. Tins 
arises from the anterior wall, and thus the spur appears as a horizontal edge, 
being seen more easily if the patient’s head is lowered. Beyond this point the 
main bronchus becomes the inferior lobe division and can be seen in the distance 
sub-dividing repeatedly into its terminal branches. The left main bronchus is more 
difficult to examine, as it makes an angle with the trachea of about 105 degrees ; 
in other words, there is a change of direction of about 75 degrees. It can only be 
entered by displacing the head to the light. The upper lobe bronchus is not found 
so near to the carina on this side, the left mam bronchus being about 5 cms. long. 
Rather more of the lumen of this opening is seen than on the right side, since the 
upper lobe bronchus does not make such an acute angle with the main one. Beyond 
this point is seen the left inferior lobe bronchus with its sub-divisions in the 
distance. 

The movements of the bronchi seen during a bronchoscopy are mainly 
respiratory, though the transmitted pulsations of the heart may be felt. The 
respiratory movements cause the bronchi to dilate and elongate with inspiration, 
so that when viewed through the bronchoscope a given point will recede and 
approach while the lumen dilates and contracts. Advantage is taken of these 
movements in bronchoscopy, for the inspiratory enlargement of the lumen 
permits a deeper inspection, and in the case of foreign bodies provides the necessary 
space for the introduction of the end of the forceps over the foreign body. 

Technique of Endoscopy of the Air-Passages. 

The arrangements of the various tables in the theatre and the preliminary 
examination of instruments have been described in the section on the technique 
of reso phagoscopy. 

It is essential to use an opeating table with a special head-rest which can 
maintain the patient’s head m the comet position of extension and also allow for 
movements to either side and of raising and lowering (see figs. 2612 and 2613). 

The patient lies on hU back with the head fitting snugly into the head-rest. 
The importance of the maintenance of extension of the head is explained to tho 
patient and is best described as a position in which the chin is pointed towards tho 
ceibng. 

Laryngoscopy. 

Amesthesia having been completed, the first stage of the examination is the 
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introduction of the laryngoscope. The laryngoscope is held in the left hand in such 
a manner that the greatest amount of traction is made on the horizontal bar rather 
than, on the vertical. The right hand is kept free for the manipulation of forceps 
and the introduction of the bronchoscope. The spatular end of the laryngoscope 
is introduced in the right side of the patient’s mouth along the right side of the 

A 



fig- 2030. — -Anatomy and endoscopic appearances op tsacheo bronchial tree, 
(JlaiifieJ after Utukngcr.) 

[ .Volf To olitAin the correct endoscopic view* the picture must te looked At upside down.) 
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anterior two-thirds of the tongue, ft U better to avoid the mid-line of the month 
since this necessitates passing over the dorsum of the tongue and considerable 
force may then be required in the next stage. When the posterior part of the 
tongue is reached the tip of the laryngoscope is directed towards the mid-line, and 
the'dorsum of the tongue is elevated by a lifting motion imparted to the laryngo- 
scope. The epiglottis wall then be seen to project into the field (see fig. 2630, a). In 

the next stage the spatular end is tipped towards the post-pharyngcal wall, passed 
behind the epiglottis and gently pushed onwards for about 1 cm. The tip of the 
spatula is now raised by a lifting action of the whole laryngoscope and not by a 
Ie\cr action against the upper teeth. The raising of the tip, and by it of the epi- 
glottis, brings the glottis into view If the laryngoscope lias been pushed onwards 
too far behind the epiglottis the tip may have passed behind the arytenoids also 
and the subsequent lifting will not expose the glottis but probably the region 
behind the cricoid. The larynx should now be in new and may or may not be in 
a state of spasm according to the degree of ana^thesia. With the next inspiration 
the vocal cords will be seen, and beyond them it may be possible to see the lumen 
of the trachea During the whole of this stage of the examination the patient’s" 
head remains elevated. If the anterior part of the larynx is not visible, it may be 
brought into new by a further lifting of the laryngoscope 3nd by raising the 
patient’s head still higher 

Abnormalities of the larynx may be noted, but. as mentioned above, accurate 
observation on the movement of the vocal cords is best carried ont by indirect 
laryngoscopy. Innocent tumours of the vocal cords may be removed by cupped 
forceps, and great care muat be taken to avoid injur}’ to the underlying structure 
or permanent impairment of the voice may result. The forceps can be introduced 
mto the larynx through the laryngoscope, or may be passed through the mouth 
alongside the speculum. In either case the actual manipulations must be carried 
out strictly under vision. Similarly, portions of a tumour may be removed for 
pathological examination. Direct laryngoscopy also is employed for the cauterisa- 
tion of the larynx either with caustics applied on a wool-coated probe or with the 
galvano-cautery for tuberculosis of the larynx. Malignant disease of the larynx 
is not usually treated endo»copicaIlv. 

It is unwise to maintain exposure of the larynx for more than a few minutes, 
as the prolonged presence of the laryngoscope is uncomfortable to the patient and 
the operator’s left hand quickly fires. AU intra-laiyngeal procedures must there- 
fore be carried out expeditiously, but at the same time with the utmost care. 

Bronchoscopy. 


The first stage of bronchoscopy consists in the exposure of the larynx. The 
bronchoscope is then held in the right hand and its point inserted into the laryngo- 
scope. The operator’s eye is now transferred to the bronchoscope and the latter 
is advanced under moa until the glottis is reached. The bronchoscope is then 
turned to one side so that the bevelled end is in the centre of the glottic space 
and is gently pushed between the vocal cords and so into the trachea. No force 
must be used and, m fact, is not needed if the introduction is properly made. 
When the bronchoscope has been advanced about one inch into the trachea, the 
laryngoscope is removed from the mouth by allowing its handle to rotate to the left, 
when the bottom shde may be withdrawn and the main part of the laryngoscope 
lifted away from the bronchoscope and handed to the assistant. During this pro- 
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cedure care must be taken to bee that the bronchoscope is not pulled out of the 
trachea. With the bronchoscope now in the trachea, further advance may be 
made while the walls of the trachea aro inspected. Gradual lowering of the head 
by the assistant will keep the direction of the tube the same as that of the part 
of the trachea about to bo entered. Tho bronchoscope may be inserted without 
the preliminary exposure of the larynx, and this is sometimes an advantage in 
patients who have a full set of teeth and consequently less room for manipulations. 
In this case the preliminary part of the passage of the bronchoscope is the same as 
for tho laryngoscope. 

When tho lower end of the trachea is reached, the Carina must be identified 
and its position and shape examined. Any thickening or flattening of the spur 
will suggest that there is some abnormality at the loot of the lungs, most commonly 
glandular enlargement. 

By turning the patient’s head fully to the left the tube enters tho right 
main bronchus which is subjected to a general scrutiny as regards size, secretions, 
and character of mucous membrane. By turning the patient’s head extremely 
to the left and pointing the tip of the bronchoscope to the right, the spur of tho 
right upper lobe bronchus is visible though not its whole lumen. Returning to 
tho main bronchus and lowering the patient’s head, the upper wall of the bronchus 
is followed down until the spur of theiuiddlc lobe bronchus is visible. Then, raising 
the head again, the remainder of the main bronchus or, more properly, the lower 
lobe bronchus is examined together with its terminal sub-divisions. The tubo is 
then withdrawn as far as the trachea, the carina again identified, tho patient’s 
head turned well to flic right, and the left main bronchus entered. Keeping the 
head up and further to the right, the left upper lobe bronchus is searched for on the 
lateral wall. Beyond this the lower lobe bronchus is entered and examined for 
about 2 cms. The examination of the left bronchi is more difficult than of the right 
and is dependent on the ability of tho patient to move the head sideways. Further 
help is obtained by keeping tho tube in the right comer of tho mouth. 

During the whole of the examination of the bronchi the aspirator must be 
ready to hand to remove secretions before the tube is advanced. Care must be 
taken, to prevent the tube mouth from pressing against the bronchial w'alls 
more than can be helped, and especially to guard against injury to the spurs 
between the bronchi. The less the w alls are touched the less coughing will take 
place. The presence of excessive or abnormal secretion is noted and, if possible, 
the pirticular bronchial orifice from which pus is coming is searched for after 
aspiration. It may be necessary to ask the patient to give a slight cough to expel 
pus into the main bronchus for this purpose Any abnormal direction of the 
main bronchus will be observed and may make the introduction of the broncho- 
scope unusually difficult. While the bronchoscope is in the main bronchi the 
respiratory movements will be noted. 

After a general survey of the bronchial tree, the particular part requiring 
examination is again found and examined more closely. If there is not too much 
secretion present, the telescope is inserted and a magnified view of the region 
obtained. The necessary further examination or treatment is then carried out as 
quickly as possible and the bronchoscope withdrawn. Except in unusual circum- 
stances the bronchoscope should not be allowed to remain in situ for more than 
fifteen minutes. 


von. ni, — 2 s 
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ENDOSCOPIC APPEARANCES AND PROCEDURES IN DISEASE OP THE LARYNX, 
TRACHEA AND BRONCHI 

Congenital Abnormalities. 

Coagenital abnormalities of the larynx, trachea or bronchi are very rare. 
Webs may be found in the larynx and removed with punch forceps or broken down 
by means of bougies. (Esophago-tracheal or cesophago-bronchial fistula; and 
diverticula of the trachea may be diagnosed endoscopicaUy, but no treatment is 
possible Congenital stenosis of the bronchus, usually by a thin web, has been 
described and is easily treated by dilatation with bougies passed endoscopicaUy 
under vision. 


Stenosis of the Trachea and Bronchi. 

Stenosis may occur by reason of a localised thickening of the walls of the 
trachea or bronchi, or it may occur as a result of compression by outside structures. 

Inflammatory thickening of the bronchial walls is especially associated with 
the presence of a foreign bod\ It is also seen in conjunction with lung abscess 
and bronchiectasis, either as cause or effect or both. On the other hand, the 
inflammatory lesion may result in stenosis from subsequent scarring. Neoplastic 
c h a ng es in the walls of the bronchi, either innocent or malignant, will lead to an 
increasing degree of bronchial obstruction, followed by inflammatory changes 
beyond the narrowing Stenosis may also occur following the treatment of a 
bronchial carcinoma by radium. Except m the case of neoplasms, the narrowing 
will be concentric and, m long-standing conditions, the wall of the bronchus will 
show scarring and an absence of normal cartilaginous rings. Treatment consists 
of careful dilatation with bougies, though this is not often required after the 
removal of a foreign body. 

Compression stenosis may be caused by enlargements of the thyroid gland, 
aneurysm, enlargement of the thymus gland, malignant disease of neighbouring 
structures including the lung, or enlarged glands in the mediastinum. Endo- 
scopically the lumen shows a Io=3 of the normal circular outline and may be 
elliptical, scabbard-shaped, or reduced to a thin crescent, ft is clearly a collapsing 
or pressing in of the wall from outside. The mucous membrane is generally of 
normal colour unless a direct extension of disease is accompanying the com- 
pression. In extreme cases there may be an inspiratory collapsing of the walla 
due to loss of the cartilaginous support. The treatment is rarely endoscopic 
and clearly consists in removing the cause. 

Abscess of the Lung and Bronchiectasis. 


Endoscopy plays an important part in the diagnosis of lung abscess and to a 
lesser degree m treatment. Thus „ is hoped by the bronct ” ic eIaminatioI1 of 
a patient with an abscess of the lun® : 


(1) To exclude the presence of a foreign body ; 

(2) To exclude the presence of a new growth • ’ 

(3) To demonstmte the presence or absence of any stenosis : 

4 To endear our to follow the pus to ita particular bronchial source ; 

’ °-' n| y m '° ‘ be bro “ t “ ““0 » Mp to define the 


In treatment of a lung abscess, bronchoscopy la of ralne in so far as it helps to 
promote dxamage. To this end the removal of a foreign body, the cauterisation of 
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granulations around the bronchial orifice, the dilatation of a stricture, and the 
aspiration of secretions which are too thick to be expectorated arc most important. 

In some cases it is difficult to decide which bronchial orifice is providing 
drainago of the abscess, and, after careful aspirations of secretions in the bronchi, 
the only abnormality seen may be a slight redness ofa particular opening, and when 
viewed through the telescope this area of mucous membrane appears velvety. A 
few acts of coughing by the patient may then show pus coming from this orifice. 

Bronchoscopy plays a considerable part in the diagnosis and treatment of 
bronchiectasis. The dilatation of the terminal bronchi produces an endoscopic 
picture that is characteristic. Thick viscid pus, sometimes blood-stained and often 
of bad odour, clings to the dry walls of the lower bronchi which are easy to enter 
owing to their increased size. The distribution of the disease may be confirmed 
by tho bronchoscopic instillation of lipiodol, though in the case of the lower lobes 
this is probably more satisfactorily carried out by the oral method of introduction. 

Kndoscopio treatment of bronchiectasis may bo sununed up as follows : 

(1) The removal of mechanical obstructions to drainage reduces the inflamma- 
tory swelling and oedema of the mucosa ; 

(2) The aspiration of thick viscid pus permits ciliary action, thereby facilitating 
better drainage ; 

(3) The local application by swab of medicaments such as silver nitrate 
5 per cent solution, argyrol 10 per cent solution, or zinc chloride O'l per 
cent solution. Also the instillation of some oily preparation, such as 
gomenol, helps to protect the mucous membrane from the irritation of the 
pus and acts as a deodorant and diluent to tho pus. 

Laryngeal and Tracheal Diphtheria. 

The laryngoscope and bronchoscope are of great value in differential diagnosis 
between diphtheria of the air-passages, asthma, and foreign body. It is also 
acquiring an increasing reputation in the treatment of the obstructive stage of this 
disease. By means of a small-sized laryngoscope in small children the diphtheritic 
membrane and the thick sticky secretions can be quickly and completely removed 
through a widc-bore aspirator. Tho membrane itself may require removal by 
forceps. In some fever hospitals the routine treatment by this method has resulted 
in the complete giving up of tracheotomy or intubation for laryngo-tracheal 
diphtheria. 

Foreign Bodies. 

Bronchoscopy was originally practised solely for the removal of foreign bodies. 
At the present time foreign-body cases constitute about 2 per cent only of the total 
bronchoscopies performed. 

The commoner foreign bodies are teeth, small metal parts of toys, pins, and 
small vegetable substances such as peas, beans, and, in America, peanuts. The 
immediate dangers vary considerably according to the size and nature of the foreign 
body. Thus, a large article may be impacted in the larynx and cause rapid 
asphyxia, while vegetable foreign bodies quickly give rise to an intense septic 
bronchitis and toxsemia. If a foreign body becomes impacted in a bronchus, 
secondary suppuration may occur beyond it. Small metal foreign bodies may re- 
main unsuspected for years and may cause no trouble. The right bronchus, owing 
to its being more nearly in line with the trachea, is invaded twice as often as the left. 

Endoscopy is indicated for all cases with a foreign body and in any case where 
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a foreign body is suspected. X-ray examination carried out beforehand may reveal 
the foreion body ; on the other hand, it may show only an area of obstructs 
emphysema due to the ball-valve action of a foreign body or an area of atelectasis 
due to the complete obstruction of a bronchus. 

The removal of a foreign body through a bronchoscope requires a high degree 
of skill, necessitating much practice, and is not to be lightly undertaken by an 
inexperienced operator. More danger to life may be caused by prolonged and 
unsuccessful attempts at remoral than might arise from leaving it in situ pending 
the help of an expert. 

The general principles underlying the successful removal of foreign bodies 
are that there should be good vision of the area, that the forceps should be the most 
suitable for the particular object, and that as large a space as possible should be 
obtained at the sides of the foreign body in order to pass the forceps blade beyond 
it. As the foreign body is withdrawn through the glottis, care must be taken 
to ensure that no damage is done to the vocal cords and also to guard against the 
possibility of its being stripped off the forceps. 

The most complete account of the mechanical problems of the extraction of 
various foreign bodies will be found in the writings of Chevalier Jackson and his 
co-workers. 

Tumours. 

Innocent. Innocent tumours of the larynx may be removed through the laryn- 
goscope by means of cutting forceps or snares. As in taking a biopsy, care must be 
exercised to avoid any damage to the underlying structure. 

Innocent tumours of the trachea and bronchi are excessively rare. 

Malignant Malignant disease of the larynx may be inspected endoscopically 
and a portion removed for biopsy, but it is very rarely treated by this approach. 

Makgnant disease of the bronchus can be diagnosed only by bronchoscopy. 
When occurring in one of the larger bronchi, the neoplasm is clearly seen as a bleed- 
ing fungating ma^s obstructing the lumen. Usually, considerable sepsis is super- 
imposed, especially beyond the obstruction. Portions may be removed for biopsy 
and information gathered as to situation and extent. Treatment of such tumours 
is now being canted out by inserting into the lumen of the growth a hollow tubular 
container containing radon seeds or radium needles. The insertion and removal 
of this container is carried out through the bronchoscope by means of special 
forceps (see fig. 2610). So far the number of cases treated by this method is small 
and no long periods of time have yet elapsed in which to observe the final results ; 
but the immediate shrinkage of the growth and the consequent provision of better 
drainage to the obstructed lung beyond lead to a marked improvement in the 
general condition of the patient (R. C. Brock, Jacksonian Prize Essay, Royal 
College of Surgeons, 1935). 

Bronchoscopy is also employed : 

(1) To obtain specimens of sputum torn the bronchi in suspected cases of 
tuberculosis where no result has been obtained by the patient’s own efforts ; 

(2) To aspirate the viscid bronchial secretion often found after general 
anesthesia, which blocks a bronchus and causes the condition of massive 
collapse of the lung ; 

(3) Forthe location of the site and causeof unexplained hiemoptysis: and 

(4) As a part of the routine examination of the patient when thoracic surgery 
is contemplated. 
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MALIGNANT TUMOURS OK THE PHARYNX AND 
LARYNX 

General Pathology 

Operations for the removal of malignant tumours in the pharynx and 
larynx must be designed not only upon an anatomical but also upon 
a pathological basis, so that some account of their character and dis- 
tribution is a necessary preliminary. 

The great majority of malignant tumours in these areas must be 
classified as epitheliomata, subject to some histological variation, 
whilst other forms of carcinoma and sarcoma, are comparatively 
rare. 

Ill the oro-pharynx, epitheliomata arising on the fauces, palate 
and tonsil vary from sqtiainous-ccllcd carcinoma with many ccll-nests 
through various grades up to the transitional-cclled carcinoma in which 
cell-nests are absent. The grading is more important in estimating the 
probable response to treatment by radiation than from the surgical 
aspect, but it cannot be ignored in forming a prognosis and selecting a 
definite line of treatment. In the tonsil also the lympho-epithelioma 
described by Schminkc occurs. This tumour consists of epithelial cells 
and lymphocytes intimately connected, and probably the pathological 
diagnosis commonly made is alveolar sarcoma, but the practical 
importance of its recognition lies in the high degree of radio-sensitivity 
which it shows. Malignant mixed tumours also occur in the oro- 
pharynx. These tumours are epithelial in character with a mucoid or 
cartilaginous stroma. 

In the lower pharynx, the great majority of tumours which arise on 
the lateral wall, aryepiglottic folds, epiglottis, fossa pyriformis and post- 
cricoid area are squamous epitheliomata, but basal-celled carcinoma 
and papillary carcinoma occasionally occur. Other forms of malignant 
disease are very rare, but sometimes an innocent tumour, such as 
angioma, lipoma or fibroma, arises in these regions, and such symptoms 
as haemorrhage or obstruction may lead to a clinical diagnosis of 
malignant disease. 

In the larynx itself, the majority of cases are squamous epitheliomata, 
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but other types of carcinoma are not extremely rare, Mackenfcy gave 

the relative frequency of the different forms as follows : 

Squamous carcinoma, 96 per cent. 

Basal -celled carcinoma, 2 per cent. 

Papillary carcinoma, 1 per cent. 

Adeno-carcinoma, 1 per cent. 

The last named, adeno-carcinoma. arises in the ventricle. 

Endothelioma and sarcoma are encountered in the larynx in about 
1 per cent of all cases of malignant disease occurring in this region. 
For example, 713 cases of carcinoma of the larynx were seen at the Mayo 
Clinic from 1910 to 1933. and only four cases of sarcoma. Socrensen 
has only seen half a dozen cases in his enormous experience of malignant 
disease of the larynx. These cases included angio-sarcoma and two 
cases of chondio-sarcoma. Figi records two cases of fib ro- sarcoma, a 
fibro-myso-sarcoma and a fibro-chondro-sarcoma. Sendziak reported 
all the commoner varieties, spindle-celled sarcoma, lympho-sarcoma, 
and alveolar sarcoma, and also the rare melanotic giant-celled sarcoma. 
Molinie believed that in the extrinsic parts of the larynx the epiglottis 
was the commonest site of origin, but it is generally intrinsic. Sarcoma 
on the vocal cords has been recorded, but it is most frequently sub- 
glottic, and may be pedunculated. Birkett recorded the successful 
removal by laryngo-fissure of a pedunculated spindle-celled sarcoma 
from the sub-glottic part of the larynx in a woman aged 22. 

As a rule, sarcoma is infiltrating in character, and it is of interest 
that the hist completely successful laryngectomy was performed by 
Bottini iu Turin in 1875 for a mixed round- and spindle-celled sarcoma. 
The patient was known to have remained in good health for several 
years, and worked as a postman. 

In surgery the anatomical distribution and manner of extension of 
tumours in these regions is of more practical importance than their 
histology, and will be described in more detail in each respective section. 
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CHAPTER I 


Pathology and Surgehy of Tumours of the Quo-Pharynx 

In the oro-pliarynx, the tonsil, fauces, soft palate, or the posterior third 
of the tongue may be the primary site, but it is only in the early stages 
that the situation where the growth originated can be determined with 
precision. 

The tonsil is the commonest situation where these growtlis are seen, 
and Xorman Patterson found that of fifty cases the tonsils were involved 
in 70 per cent, and he states that the origin is sometimes concealed in 
the epithelial lining of a crypt where it can only be discovered by pal- 
pation. Dickie, on the contrary, believes that carcinoma does not 
originate in the tonsil primarily, but at the lower part of the anterior 
faucial pillar. Prom that situation the growth can spread quickly to 
the tonsil and to the side of the tongue. A frequent route of extension 
is from the tonsil to the palate or in the reverse direction from the palate 
to the tonsil. As soon as the tongue is reached from the lateral wall of 
the pharynx the extension is usually rapid, so that a diagnosis of car- 
cinoma of the tongue may be made. Xorman Patterson considers this 
an important point because lie believes that a tumour which has ex- 
tended to the tongue is more amenable to surgical treatment thau one 
which has extended in the opposite direction from the tongue. The 
tumours which originate on the posterior third or pharyngeal portion 
of the tongue are of highly malignant type, and are associated with an 
early invasion of the cervical glands which is frequently bilateral, 
whereas epithelioma of the anterior faucial pillar does not infect the 
cervical glands very readily. When the uvula or the soft palate is the 
primary site, the cervical glands may apparently remain unaffected for 
many months, or even a couple of years, and then enlarge suddenly and 
very rapidly. The glands may be infected on the same side or both sides, 
or even on the opposite side only. The average age of the fifty patients 
mentioned by Xorman Patterson was 58; the oldest was 80, the 
youngest 38, four were under 50 ; forty-eight were males, and only 
two were females. 

\ot. III. — 2 s* -1845 
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Symptoms. In the early stages the patient complains only of dis- 
comfort in the throat and some interference with speaking and swallow- 
in<*. Pain is also a comparatively early symptom, and may radiate to 
the neck, the ear, or the angle of the jaw. Salivation, dysphagia, fcetor, 
cachexia, and enlargement of the cervical glands, develop as the disease 
progresses. 

Diagnosis. The appearance is so characteristic, whether the tumour 
he of the ulcerative, infiltrating, or papillomatous type, that the diag- 
nosis is usually easy, but a pre-canccrous epitheliomatosis (Bowen’s 
disease), of which Howarth has described some examples lasting many 
years, may simulate epithelioma closely, and a sarcoma of the tonsil 
can be mis tak en for a quinsy, which it may resemble unless examined 
by palpation as well as by inspection. In spite of this, carcinoma in 
this region is often mistaken for syphilis, especially if the Wassennann 
reaction happens to he positive. Treatment with potassium iodide 
and mercury produces a temporary improvement in such cases, usually 
at the expense of a rapidly increasing extension of the growth a little 
later. 

As a rule, histological diagnosis should follow operation, but a biopsy 
may be necessary in order to establish the diagnosis of malignant disease, 
and it may be necessary also in order to determine the type of growth 
and to decide the line of treatment to be followed, because radiation is 
more suitable for a sarcoma or transitional-celled carcinoma than 
surgical treatment. 

The information provided by biopsy is generally regarded as decisive, 
and therefore every precaution must be taken to avoid the mistakes 
which can easily arise if the specimen is too small or is taken from an 
unsuitable place. In the larynx a biopsy can be performed without 
risk by simply removing a piece of tissue with suitable forceps, but in 
the pharynx, where local conditions are entirely different, the danger of 
dissemination from opening blood-vessels and lymphatics, especially 
in cases of sarcoma, renders this method entirely unjustifiable. 

Berven gives the following directions for performing biopsy in the 
pharynx : It should be preceded or followed immediately by radiation. 
If the clinical diagnosis is definite, the radiation is started at once and 
the biopsy is not made until the tumour begins to diminish as a result 
of the treatment. The patient is then given a hypodermic injection of 
atropine to diminish the secretion of saliva and mucus. The throat is 
ana?sthetised by painting with 20 per cent cocaine solution, injection 
with novocaine being avoided. The biopsy is made at the edge of the 
tumour, so that a piece of healthy tissue is included. The diathermy 



PHARYNX AND LARYNX 4847 

knife is used, activated by an apparatus producing undamped oscilla- 
tions, so that blood-vessels and lymphatics are sealed. The coagulation 
on the surface does not spoil the histological picture. If an apparatus 
producing damped oscillations is used, a widespread coagulation and 
destruction of the tumour is produced. 

Treatment. The results of treatment by radiation now show an in- 
creasing proportion of good results, but there are many growths which 
are not radio-sensitive, and excision by the diathermy knife is an 
effective method of treatment for carcinoma of the fauces, palate, tonsil, 
posterior pharyngeal wall, and even of the base of the tongue. The use 
of diathermy diminishes shock, seals off the smaller blood-vessels and 
the lymphatics, and destroys outlying tumour cells, so that the danger 
of dissemination is reduced to the minimum. 

The Thcrmophlux P. apparatus of Siemens provides coagulation 
from the first and second terminals and a cutting current from the third 
and fourth terminals, and is a perfectly satisfactory machine. The in- 
different electrode should be wrapped in a compress soaked in salt 
solution and applied evenly to the outer side of the thigh or the back. 
Even contact, avoiding air-spaces, prevents sparking and bums. In 
early cases, where there are no palpable glands, and where from the 
situation and extent of thegrowth there is little probability of a secondary 
haemorrhage, the neck may be left alone. Such cases must be kept under 
observation, and if any enlargement of the cervical glands follows, 
the neck must be cleared by a complete dissection. 

A careful inspection of the mouth and gums and extraction of any 
suspicious teeth must precede even the smallest operation, and another 
necessary precaution is to avoid any anaesthetic containing ether, which 
might cause an explosion. Simple excision by the diathermy knife can 
be performed with the aid of any gag or a suspension apparatus, but 
splitting the cheek does not give any better access than can be obtained 
by the help of vulcanite retractors. A margin of half an inch of healthy 
tissue beyond the visible edge of the growth should be included in the 
excision, and the base of the wound coagulated after the excision. 

It is always impossible to exclude the possibility of invasion of the 
cervical glands by clinical examination, but if the growth is of an in- 
filtrating type which requires a preliminary ligature of the external 
carotid to protect against secondary haemorrhage, the lymphatic area 
may be cleared at the same time. If the glands are definitely enlarged 
they should be removed and the external carotid ligatured about ten 
days before the diathermy operation. After the use of diathermy, 
changes take place in the tissues of the neck which render the 
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dissection difficult — an additional reason for attacking the neck before 
the primary growth. 

If these reasons for tissue change and preliminary ligature are absent, 
theoretical considerations suggest that the primary grow th should be 
removed first and the lymphatic glands later when cancer cells passing 
from the primary growth have all reached and become imprisoned 
in the glands, but it is doubtful if this argument is valid in practice. 
No special after-treatment is required, but the patient must be kept in 
bed until all sloughs have separated and any risk of secondary haemo- 
rrhage has passed a period of ten to fourteen days. 


Stylo-Hyoid 
Posterior Belly 
of Digastric 



In infiltrating growths of the tonsil, where the base of the tongue or 
the side of the pharynx is invaded extensively, and especially if the 
growth has attacked and become adherent to the inner surface of the 
mandible and radiation has failed, a much wider exposure is needed 
than can be obtained through the mouth. 

In a few cases a partial excision of the mandible is possible after 
turning up a suitable flap by an incision which splits the lower lip to 
the chin and extends backwaids along the lower border of the mandible 
to its angle (figs. 2031 and 2032). A row of holes is made with a burr to 
mark the line of section above the attachment of the mylo-hyoid. Tile 
alveolar border and upper half of the horizontal ramus must be removed 
back to the vertical ramus. In this way the arch of the mandible is 
preserved and no direct communication is made between the pharynx 
and the planes of the neck. 
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dissection difficult — an additional icason for attacking the neck before 
the primary growth. 

If these reasons for tissue change and preliminary ligature are absent, 
theoretical considerations suggest that the primary growth should be 
removed first and the lymphatic glands later when cancer cells passing 
from the primary growth have all reached and become imprisoned 
in the glands, but it is doubtful if this argument is valid in practice. 
So special after-treatment is required, hut the patient must be kept in 
bed until all sloughs have separated and any risk of secondary luemo- 
rrhage has passed a period of ten to fourteen days. 



Ft } 2(33 — DISSECTION TO DEMONSTRATE TUB EXTERNAL RELATION* Or TUB TONSILLAR FOSSA 
AS DISPLAYED AFTER REMOVAL OF TUe MANDIBIE »ROM TllE CONDYLE TO TUE CANINE FOSSA. 
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In infiltrating growths of the tonsil, where the base of the tongue or 
the side of the pharynx is invaded extensively, and especially if the 
growth has attacked and become adherent to the inner surface of the 
mandible and radiation has failed, a much wider exposure is needed 
than can be obtained through the mouth. 

In a few cases a partial excision of the mandible is possible after 
turning up a suitable flap by an incision which splits the lower lip to 
the chin and extends backwards along the lower border of the mandible 
to its angle (figs. 2631 and 2632). A row of holes is made with a burr to 
mark the line of section above the attachment of the mylo-liyoid. The 
alveolar border and upper half of the horizontal ramus must be removed 
back to the vertical ramus. In this way the arch of the mandible is 
preserved and no direct communication is made between the pharynx 
and the planes of the neck. 
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As a rule, tlie only adequate exposure is obtained by removing the 
corresponding side of the mandible from the canine fossa back to the 
condyle. The view obtained is shown in figures 2033 and 2034. 

The neck operation precedes the attack on the primary tumour. 
The external carotid is tied and the lymphatic area cleared. No attempt 
should be made to preserve the sterno-mastoid muscle, but its remnant, 
with the posterior beUy of the digastric and the stylo-hyoid, may be 
used as a protective covering for the great vessels. The jaw and growth 
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arc removed at a second operation when the neck has become shut off 
from the mouth, and the operation is completed by reconstructing the 
pharynx as far as possible. The extent of the removal is shown in figures 
2635 and 2636, and although the operation involves a severe mutilation, 
large malignant tumours may be removed in this way with permanent 
good results. 

Dickie records that in thirty cases there were seven deaths, and 
in fifteen cases recurrences at varying periods under five years. Eight 
patients had survived for more than five years, and one for over eleven 
years. 

Gordon-Taylor has given the following convenient summary of the 
lines upon which appropriate treatment should be selected for each case : 


Summary of Diathermy of Tumours of Oro-Pharynx 


Method of Treatment 


(1) Small growth on tonsil, palate, pillars 
of fauces or posterior wall of larynx 
without glands (Group I cases). 

(2) Larger growths with risk of a severe 
liicmorrhage following diathermy, no 
palpable glands (Group II cases). 

(3) More extensive growths with or with- 
out glands (Group III). 


(4) Doubtful tumours. 


Diathermy-excision, diathermy- 
coagulation, or combina- 
tion of both. 

(o) Preliminary block dissection 
of neck and ligation of 
external carotid. 

(6) Diathermy. 

(а) Block dissection and ligation 
of external carotid. 

(б) Kemoval of half jaw or part 
of mandible, and diathermy. 

Biopsy and appropriate line 
of treatment : diathermy, 
radium, or X-rays. 
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Carcinoma of the epiglottis or base of the tongue requires to be 
considered separately although it belongs to this anatomical region. 

Carcinoma in the base of the tongue, starting in the vallecula, 
spreads quickly into the muscles of the tongue and also travels back- 
wards to the epiglottis and towards the aperture of the larynx. Iu 
the same way carcinoma of the lingual aspect of the epiglottis, although 
it remains confined to the epiglottis for many months and is relatively 
benign at this stage, spreads rapidly as soon as it reaches the base of the 
tongue The prognosis of such extensive tumours is very grave, they 
are usually resistant to treatment by radiation, and the lymphatic 
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together. First the larynx is freed in front and at the sides (sec page 4894). 
Next the tongue is freed from its attachments through the mouth. The 
tongue is drawn forwards by its tip, the frenum is cut across, and the 
lingual veins are tied and divided. The mucous membrane beneath 
the borders of the tongue is incised as far back as the anterior faucial 
pillar, the palato-glossus divided, and the genio-glossus muscles then 
divided beneath the tongue. 

The geuio-hyoid and hyo-glossus muscles are then cut through just 
above the hyoid bone, and the lingual arteries secured between them. 
In this way the cavity of the mouth is reached from below, and the tip 
of the tongue drawn out of the wound under the jaw. The hyoid bone 
is then divided on either side in front of the attachment of the digastric. 
This allows the tongue and larynx to be drawn forward together and 
separated from the pharynx and oesophagus. The excision is then com- 
pleted by cutting the trachea across and stitching the stump to the 
edges of the skin. The mucous membrane of the floor of the mouth is 
stitched across from the mouth, the pharynx closed from the neck, and 
finally the external wound is closed in the same way as in an ordinary 
excision of the larynx. The operation entails no particular technical 
difficulty and has the advantage of presenting a simple wound which 
can be shut of! from the pharynx and mouth, and of protecting the 
air-passages by the suturing of the trachea to the skin. 

A tumour removed in this way is shown in figure 2G37. 
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CHAPTER II 

Pathology of Intrinsic Cancer of the Larynx 

Krisuaber in 1879 first proposed the classification of malignant 
laryngeal tumours into intrinsic and extrinsic, but any classification 
presents some ambiguity, because of the difficulty in drawing a precise 
line of demarcation between the intrinsic and extrinsic regions of the 
larynx, because the extrinsic areas are really situated in the cavity of 
the pharynx, and because some tumours which are no longer in their 
early stages extend into each territory and must be classified as mixed. 

It is simpler to classify the tumours of the intrinsic class, which 
originate on the vocal cords, in the ventricle or on the ventricular band, 
and in the sub-glottic area, as laryngeal tumours, and to classify extrinsic, 
tumours of the epiglottis and aryepiglottic folds as pharyngeal tumours, 
in which class they will be considered along with tumours of the lateral 
pharyngeal wall, sinus pyriformis, and post-cricoid area. There are more 
than purely anatomical reasons for this, because the symptoms, the 
lymphatic drainage and the principles which must govern attempts 
at surgical treatment of tumours in the extrinsic group are all in the 
domain of the pharynx rather than of the larynx. 

Felix Semon recorded that in twenty-eight years of practice he had 
seen 212 cases of laryngeal cancer, of which 136 were intrinsic and 78 
were extrinsic or mixed. It is probable that different observers would 
see various types of cases in different proportions, according to the type 
most frequently referred to them individually, but these figures agree 
roughly with those given by Schmiegelow and others and probably 
give a fairly correct idea of the relative incidence. 

ilaxwell and Hogg from a statistical study of all forms of laryngeal 
cancer, extrinsic and intrinsic combined, have shown that since 1911 
the absolute increase in mortality from this cause has been almost three- 
fold, and also that the proportion of laryngeal in relation to all forms of 
cancer has risen from 1-29 per cent to 1*92 per cent. As this only refers 
to fatal cases and many are now saved, the real proportion is probably 
still higher, especially as in malignant disease of the tesophagus and 
tongue, where the prognosis is bad, the figures have fallen respectively 
from 4-05 to 3*90 and from 2-72 to 2-09 per cent. 
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Of all the factors concerned in the aetiology of laryngeal cancer, 
sex and age are the only ones in which definite information is 
available. 

In a series of 105 cases of intrinsic cancer submitted to operation 
there were eleven females. This incidence of 10 per cent in females is 
of importance because the diagnosis is sometimes missed on account 
of the mistaken idea that the disease does not occur in the female sex. 
The same holds good for the extrinsic or pharyngeal parts of the larynx, 
except in the post-cricoid region where the position is reversed. In a 
group of 00 cases of post-cricoid cancer collected by Logan Turner there 
were 13 males and 83 females. The statement that cancer of the hypo- 
pharynx is more frequent in females applies only to this group of cases 
in the post-cricoid area. 

The following table compiled by Tapia from his vast experience 
of cancer of the larynx shows that the great majority of cases occur in 
the two decades from 45 to 05, and that the condition is commonest 
between 50 and GO. 
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Jurasz found that sarcoma as well as carcinoma is commonest 
between 40 and 00, but it sometimes occurs in quite young people. It 
is more remarkable that this is true also of carcinoma, apart from the 
post-cricoid growths which occur in young women. Figi and Gordon New 
have recorded cases of intrinsic cancer in a youth of fifteen and a woman 
of twenty-four, both cases being treated by laryngectomy. Garel saw 
an intrinsic case in a girl of eighteen and Cliiari one in a girl of sixteen. 
Portmann and Philips collected a number of cases in young people and 
described one of intrinsic epithelioma in a girl aged 12. Still more re- 
markable is tile case described by Lemaitre of a girl aged 8 in whom 
treatment by X-rays produced radio-necrosis and converted a laryngeal 
papilloma into a papillary epithelioma. 

In this last case the irritation and scarring caused by the treatment 
acting upon a soil already predisposed was no doubt an important 
ffitiological factor, and Lumiere has gone so far as to attempt to prove 
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that aU cancers arise in scar tissue. The observations of Slosse and 
Reding on the alkalinity of the blood suggest that there is a general 
factor concerned also, but that epithelioma sometimes, if not always, 
arises in scar tissue is beyond doubt. 

Denker has related an extraordinary case of Narben carcinoma in a man aged 
forty who -n as brought to the clinic on account of severe stenosis of the larynx. 
He had attempted suicide twenty years before by cutting through his larynx 
with a razor. The wound healed eventually, leaving some difficulty in breathing, 
but he was able to do light « ork. For the last three months the difficul fcy in breath- 
ing had increased. There was a scar on the front of the neck firmly adherent to 
the cncord cartilage. The vocal cords were almost fixed in the middle line and 
appeared heavily infiltrated and thickened. After a low tracheotomy a piece of 
tissue removed for examination showed carcinoma. When total laryngectomy 
was performed it was found that the trachea was extensively invaded With growth, 
and the upper part of the trachea was resected in addition. The patient recovered 
after a stoimy convalescence complicated by a secondary haemorrhage. From the 
subsequent examination of the larynx Borst considered that the cancer definitely 
arose from the scar tissue The patient ultimately left the hospital having gained 
forty-five pounds in weight After he returned home his sister hanged herself, 
and he himself, in another attack of melancholia, shot himself on the grave of his 
sister. 

Chevalier Jackson considers vocal abuse an important factor in the 
aetiology. In an experience of 582 cases of proved cancer of the larynx 
there had been undoubted vocal abuse m 376 cases (04-6 per cent). 
One half of these 376 persons were professional voice users, including 
public speakers, teachers, singers, salesmen and drill-masters, besides 
mechanics and hands employed in noisy and dusty factories. He 
regards this abuse of the voice as a common cause of chronic laryngitis, 
keratosis, papilloma and granuloma, which form a favourable soil for 
the development of cancer. 

Clironic laryngitis caused by poisoning with mustard gas during the war was 
followed by cancer after persistent hoarseness lasting four years in an officer 
aged forty-two. Douglas Guthrie also has recorded the case of a soldier who 
remained hoarse for six years after being gassed. Epithelioma then supervened. 
The patient was treated by laryngectomy and has remained well for ten years. 
In these exceptional cases the connection between cause and effect can scarcely 
be doubted, but the usual effect of gassing upon the vocal cords is the production 
of papillomata and granulomata. 

Syphilis is sometimes regarded as an important predisposing cause. 
There is sometimes a history of syphilis, and occasionally a preceding 
syphilitic lesion in the larynx, but this is certainly quite uncommon. 

It is possible that tobacco is an important factor in the aetiology. 
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although the disease occurs in non-smokers also. Tapia believes tobacco 
to be the most important factor in the aetiology of laryngeal cancer. 
Its rarity in the female sex indicates some external influence acting on 
the male larynx. Four of the six women in his own 993 cases were 
smokers, and in Spain smoking is rare amongst women. Those who do 
smoke seldom inhale. 

In contrast to this, Hernando Segui of Havana encountered 13 cases 
in Cuban women amongst 75 patients with laryngeal cancer. All the 
thirteen were heavy smokers. From the histories of his own cases Tapia 
found that all the patients were cigarette smokers and that they all 
inhaled. Cigar smokers do not inhale, and he agrees with Hernando Segui 
that cancer is more frequent in cigarette smokers than in cigar smokers. 

In the great majority of cases intrinsic cancer first attacks one vocal 
cord. The anterior or middle third of the cord is almost invariably the 
primary site. The posterior third of the cord or posterior commissure 
is rarely if ever the site of origin, but in one exceptional case which came 
under observation epithelioma supervened upon pachydermia of four 
years’ duration in this situation. When the case is first seen, however, 
the anterior two-third9 or the whole of the cord may be affected, because 
the main line of exteasion is along the length of the cord. Tile extension 
tends to spread forwards rather than backwards so that the anterior 
commissure is soon reached by a growth situated on the anterior 
third, whereas once the attachment of the cord to the vocal process 
of the arytenoid cartilage is reached in the process of extension back- 
wards further progress towards the posterior commissure is slow. 
Consequently when the growth crosses to the opposite side it almost 
invariably does so at or below the anterior commissure. In one excep- 
tional case an epithelioma was found to have formed a complete ring 
round the interior of the larynx at the level of the glottis, but, as a rule, 
even if the growth has become very extensive the posterior commissure 
is the part least invaded. As Jobson Horne pointed out, tubercle 
attacks by preference the posterior part of the larynx where the 
epithelium is columnar and contains glands, while epithelioma attacks 
the anterior part where the epithelium is squamous and free from glands. 

This linear extension along the vocal cord is well illustrated by an 
observation of MacKenty. A total laryngectomy was performed on 
three patients with early cancer, although the apparent indication 
was for laryngo-fissure. In two of these, microscopic examination 
showed extension below the surface up to and into the angle of the 
anterior commissure. 

In the third case the extension beneath the surface went forwards 
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and backwards, undermining the entire extent of the cord. It is impos- 
sible not to draw the conclusion that great caution must be exercised 
in selecting cases for conservative operations, and some observations 
by Gordon New confirm this : 

“ The microscopic extension of difierent grades of carcinoma 
of the larynx was studied in a hundred specimens taken at laryn- 
gectomy in the last six years. . . . Sections were first made at 
5 mm. from the apparent margin of the growth. If carcinoma was 
found at this point, then sections were made at 10 nun., and if 
these were found to be malignant, sections were taken at 15 mm. 
from the apparent margin of the growth. The maximal extension 
of highly malignant carcinomata from the apparent margin of the 
growth was 15 mm. ; in low-grade carcinoma the extension was 
not found further than 5 mm. from the apparent margin of the 
growth. The average degree of extension of the various grades 
of carcinoma revealed that in carcinoma graded 1 there was no 
extension, in carcinoma graded 2 there was extension of 5 mm., 
in carcinoma graded 3 there was extension of 5-9 nun., and in that 
graded 4 there was extension of 5*G mm. The fact that the carcin- 
omata graded 4 did not extend further locally may be due to their 
tendency to enter the lymphatic channels early without much local 
extension ; thus with a small primary growth there may be exten- 
sive metastasis. In one of our cases the carcinoma was a small 
local growth which metastasised early, and death occurred in five 
months. The specimen removed did not reveal local extension. 
The average extension of all grades of carcinoma was 5*5 mm. 
It is generally believed that in performing laryngo- fissure for 
carcinoma an excision about 0*75 cm. from the apparent margin 
of the growth gives a fair margin of safety. In many of the speci- 
mens we observed such excision would have been made into the 
growth.” 

Further support for the contention of MacKenty that laryngo- 
fissure is only suitable for the earliest cases is supplied by an observation 
made by Benjamin. The histological examination in serial sections of a 
vocal cord removed byhemilaryngectomy showed the presence of several 
small separate cancers. The tumour had developed from several 
centres in close proximity, as has been shown to occur experimentally 
in the production of tar cancer. In this case the tumour had developed 
insidiously in the cord without evident signs of tumour formation. In 
consequence, the opinion that has been expressed by Soerensen and by 
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MacKcnty that more than one separate primary growth does not occur 
in the larynx, but that apparent multiplicity is due to outcropping to 
the surface from lymphatic extension, must be accepted with reserve. 
In practice it is not extremely rare to find a second apparently primary 
growth or occasionally a contact epithelioma on the opposite cord. 

If the growth has extended from the edge of the cord to the sub- 
glottic region, or is sub-glottic in origin and has attacked the cord from 
below, it may cross to the opposite side below the anterior commissure 
and reach the opposite cord also on the under-surface, so that the 
tumour may be far more extensive in such circumstances than appears 
from laryngoscopic examination. Tumours at the anterior commissure 
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also infiltrate the base of the epiglottis insidiously, so that it is a good 
rule invariably to remove the epiglottis with the rest of the larynx at 
the operation of complete laryngectomy (fig. 2638). 

Growth which has reached the sub-glottic region or taken origin 
there may sometimes continue to spread downwards until the upper 
part of the trachea is reached. It is, however, especially liable to per- 
forate the anterior part of the larynx through the crico-thyroid mem- 
brane and so reach the lymphatic gland which lies there, and then 
invade the pre-laryngeal muscles. Less commonly it burrows through 
the ala of the thyroid cartilage in numerous small holes, but this is 
much less common as the cartilage usually offers an impassable barrier 
to further spread in that direction until the later stages, when a gross 
invasion may be the cause of perichondritis. 
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The cricoid cartilage is still less commonly attacked, but figure 2639 
shows the larynx from a woman in whom, in addition to the hoarseness, 
dysphagia was a much more prominent symptom than dyspncea, 
and this was due to the tumour spreading in the arytenoids and the 
plate of the cricoid cartilage and producing pressure on the pharynx. 

Attention must aLo be called to a small group of lymphatic glands 
lying under the upper edge of the isthmus of the thyroid gland. These 
may be invaded relatively early, and if overlooked explain some 
unexpected recurrences in the tracheal stump after laryngectomy, and 
also the occasional and unexpected discovery of growth in the thyroid 
gland at operation. 

Much less commonly than on the vocal cord, cancer originates on 
the ventricular band or in the ventricle of Morgagni (fig. 2640). 
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The lymphatics along the internal jugular vein become a fleeted 
much later in the intrinsic group of cases where the tumour takes origin 
on the edge of the cord. It may be that at this level, which forms a 
lymphatic watershed between the upper and lower divisions, lym- 
phatics arc few and the lymphatic drainage is very restricted, or it 
may be that this area is remote from the lateral boundary and 
imprisoned in a cartilaginous cell, or it may even be'simply a charac- 
teristic of the type of epithelioma which occurs here, but it is a clinical 
observation of great importance. 

It is, however, one upon which too much reliance must not be placed, 
for as the growth spreads the cancer cells from the upper area eventually 
pass into the lymphatics which cross the fossa pyriformis behind and 
the thyro-hyoid membrane in front, and reach the gland situated in 
the angle between the common facial vein and the internal jugular 
vein. From the lower area the lymphatics pass through the crico- 
thyroid membrane to glands in front of the larynx, and thence to the 
deep cervical glands upon the internal jugular. Consequently, in cancer 
of the ventricular bands and in sub-glotticcancer, invasion of thecervical 
lymphatic glands occurs earlier than in cancer of the vocal cord, and 
in the operation of laryngectomy for intrinsic cancer freedom of the 
lymphatic glands from growth must never be assumed, but the region 
of the carotid bifurcation in particular must be carefully searched. 

"When the tumour originates on the free edge of the vocal cord the 
only symptom is hoarseness, often attributed by the patient to a cold 
or a sore throat, but the date of the onset may be very vague, and failure 
of the singing voice may be an early symptom. A small tumour on 
the edge of the cord near the anterior commissure will cause more 
interference with the voice than a larger growth further back or 
embedded in the substance of the cord, because the growth is so situated 
as to prevent closure of the glottis, so that hoarseness and vocal 
fatigue will soon become pronounced. 

This stage usually lasts many months, but as the growth progresses 
the voice becomes weaker and as the glottis narrows dyspnoea and 
stridor develop. Even so, the general condition does not usually 
deteriorate if the dyspnoea is relieved by tracheotomy until a further 
spread causes perichondritis, enlargement of the cervical glands, and 
involvement of the pharynx itself. There is then, in addition, pain in the 
ears, feetor and salivation, dysphagia, with cachexia and wasting. These 
last symptoms indicate only a terminal and hopeless stage of the 
disease. The characteristic symptom at an early stage, when it should 
be diagnosed and can be treated with success, is hoarseness. 
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The cricoid cartilage is &t3I less commonly attacked, but figure 2639 
shows the Iarvnx from a woman in whom, in addition to the hoarseness, 
dysphagia was a much more prominent symptom than dyspnoea, 
and this was due to the tumour spreading in the arytenoids and the 
plate of the cricoid cartilage and producing pressure on the pharynx. 

Attention must also be called to a small group of lymphatic glands 
lying under the upper edge of the isthmus of the thyroid gland. These 
may be invaded relatively early, and if overlooked explain some 
unexpected recurrences in the tracheal stump after laryngectomy, and 
also the occasional and unexpected discover}’ of growth in the thyroid 
gland at operation. 

Much less commonly than on the vocal cord, cancer originates on 
the ventricular band or in the ventricle of Morgagni (fig. 2640). 
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The lymphatics along the internal jugular vein become affected 
much later in the intrinsic group of cases where the tumour takes origin 
on the edge of the cord. It may be that at this level, which forms a 
lymphatic watershed between the upper and lower divisions, lym- 
phatics arc few and the lymphatic drainage is very restricted, or it 
may be that this area is remote from the lateral boundary and 
imprisoned in a cartilaginous cell, or it may even be' simply a charac- 
teristic of the type of epithelioma which occurs here, but it is a clinical 
observation of great importance. 

It is, however, one upon which too much reliance must not be placed, 
for as the growth spreads the cancer cells from the upper area eventually 
pass into the lymphatics which cross the fossa pyriformis behind and 
the thyro-hyoid membrane in front, and reach the gland situated in 
the angle between the common facial vein and the internal jugular 
vein. From the lower area the lymphatics pass through the crico- 
thyroid membrane to glands in front of the larynx, and thence to the 
deep cervical glands upon the internal jugular. Consequently, in cancer 
of the ventricular bandsand in sub-glottic cancer, invasion of the cervical 
lymphatic glands occurs earlier than in cancer of the vocal cord, and 
in the operation of laryngectomy for intrinsic cancer freedom of the 
lymphatic glands from growth must never be assumed, but the region 
of the carotid bifurcation in particular must be carefully searched. 

When the tumour originates on the free edge of the vocal cord the 
only symptom is hoarseness, often attributed by the patient to a cold 
or a sore throat, but the date of the onset may be very vague, and failure 
of the singing voice may be an early symptom. A small tumour on 
the edge of the cord near the anterior commissure will cause more 
interference with the voice than a larger growth further back or 
embedded in the substance of the cord, because the growth is so situated 
as to prevent closure of the glottis, so that hoarseness and vocal 
fatigue will soon become pronounced. 

This stage usually lasts many months, but as the growth progresses 
the voice becomes weaker and as the glottis narrows dyspnoea and 
stridor develop. Even so, the general condition does not usually 
deteriorate if the dyspnoea is relieved by tracheotomy until a further 
spread causes perichondritis, enlargement of the cervical glands, and 
involvement of the pharynx itself. There is then, in addition, pain in the 
ears, feetor and salivation, dysphagia, with cachexia and wasting. These 
last symptoms indicate only a terminal and hopeless stage of the 
disease. The characteristic symptom at an early stage, when it should 
be diagnosed and can be treated with success, is hoarseness. 
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"When the growth takes origin oil the ventricular band or is con- 
fined in the ventricle, early symptoms may be absent and the voice 
may not be affected until the tumour has reached sufficient size to 
cause the sounds to be a Uttle muffled. On the other hand, there is 
more likely to be local discomfort and irritation, and pain referred to 
the ear. As soon as the tumour ulcerates, it quickly encroaches on the 
glottis and causes dyspnoea. In sub-glottic cancer the early symptoms 
may be very obscure, no more thau some discomfort and difficulty in 
clearing the throat. Slight dyspnoea and stridor on exertion may be 
the earliest definite symptoms, unless one cord has been attacked from 
below, when its lack of mobility may cause changes in the voice. 
Hoarseness develops later when the edge of the cord is reached. 

Diagnosis. The diagnosis of malignant disease has to be made 
from chronic laryngitis, pachydermia, submucous hemorrhage, innocent 
tumours, paralysis, keratosis, syphilis and tuberculosis. 

Laryngitis affects both cords, whereas a unilateral congestion sug- 
gests either early tuberculosis or malignant disease. Pachydermia 
affects the posterior segment of the larynx, and the cup-and-ball 
formation at the attachment of the cords to the vocal processes is 
characteristic, but may be difficult to distinguish in the early stage. In 
one case under observation epithelioma supervened upon pachydermia 
of at least four years’ duration, but this sequence is very rare. 

A cook under the influence of alcohol fell against the edge of the kitchen table 
and sustained a blow on the larynx which produced a hemorrhage into the 
substance of one vocal cord. The appearance of the cord, combined with its partial 
fixation, perfectly simulated an epithelioma, but the history of the case and the 
gradual absorption of the hematoma precluded the possibility of any mistake in 
diagnosis. 

The diagnosis of innocent tumours depends largely upon micro- 
scopic examination after removal, but the difficulty in distinguishing 
between paralysis of a vocal cord and malignant disease is sometimes 
greater than might be expected. On the one hand, a sub-glottic tumour, 
which is quite concealed below the cord, may cause such mechanical 
limitation of movement that the cord appears paralysed, and, on the 
other hand, a common error is to mistake the apparently unilateral 
swelling at the back of the larynx, caused by the prolapse forwards of 
the corresponding arytenoid cartilage in recurrent laryngeal paralysis, 
for a tumour. Familiarity with this appearance, with which lack of 
tension in the cord is combined, should prevent this mistake. 

Malignant disease in the ventricle may cause great difficulty, because 
at first it is quite concealed, and later shows only by a bulging which 
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may be mistaken for prolapse of the ventricle. When it eventually 
reaches the surface and ulcerates, the ulcer has to be distinguished from 
a syphilitic or tuberculous ulceration, especially the latter. Points to 
remember are that in this variety of malignant disease the cervical 
glands may enlarge early, and that in tuberculosis multiple lesions are 
common. 

The real difficulty is presented by keratosis, syphilis, and tuber- 
culosis. The appearance of early malignant disease of the vocal cord 
is variable. It may be a unilateral congestion with slight thickening 
of the cord scarcely to be distinguished from incipient tuberculosis, it 
may take the form of papillomatous outgrowth, it may he an irregular 
infiltration, or it may show as a characteristic epithelioma with a 
raised edge. In the early stages the cord remains mobile, and con- 
tinues to do so until there is some infiltration of the underlying muscles, 
but usually the mobility is impaired sooner than in tuberculosis relative 
to the extent of the disease. Loss of mobility or the reverse is rot a 
sign on which much reliance is to be placed, for St. Clair Thomson 
noted than in a series of seventy early cases suitable for treatment by 
laryngo-fissuro the cord affected was still quite mobile in thirty-nine. 
In all cases the Wassermann test should be applied, the chest examined, 
and the sputum tested for tubercle bacilli if there is any cough. 
Even this does not necessarily settle the diagnosis, because in a case of 
malignant disease the Wassermann test may be positive or an X-ray 
film may show a lesion in the chest. The tendency is therefore, especi- 
ally in view of the great number of erroneous diagnoses which have 
been made in the past, to rely upon a biopsy for confirmation of the 
diagnosis. 

The disease which causes mistakes is tuberculosis far more often 
than keratosis or syphilis. If keratosis is mistaken for epithelioma it 
is not of much consequence, as it is better to remove a cord which is 
the seat of a persistent patch of keratosis. Syphilis can usually be 
excluded by the Wassermann test and the administration of mercury 
and potassium iodide, because it is the relatively early and active 
lesions which produce the appearances resembling cancer, rather than 
the late tertiary infiltrating lesions which are sometimes associated 
with a negative Wassermann test. 

There is, however, a type of chronic tuberculous lesion which 
remains confined to one or both vocal cords and is not uncommon in 
the middle-aged and elderly. In this form of tuberculosis there may be 
no sputum, physical signs in the chest may be absent or equivocal, 
and even a skiagram shows only an old inactive apical lesion. 
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Nevertheless, a piece of tissue removed from the cord for biopsy may 

show characteristic giant-cell formation and tubercle bacilli 

When malignant disease is more advanced and has caused fixation 
of the cords, stenosis of the larynx and a broadening which can be felt 
externally, the diagnosis is usually easy, but it is the early diagnosis 
which is both difficult and important It may be necessary to examine 
the larynx more than once in a doubtful case, especially in sub-glottic 
cancer, but oft-repeated examination (as has been advised) allows the 
disease to progress and undermines the confidence of the patient. It is 
much better then to resort to biopsy if doubt remains after a complete 
clinical examination. Biopsy does not here carry the same risks as in 
the pharynx, oesophagus, and elsewhere, it does not appear to stimulate 
the growth greatly, and there is no definite evidence that it produces 
metastasis, though a positive result should be followed by excision of 
the growth as soon as possible The words of Newman, however, are 
to be remembered : 

“ Intralaryngeal excision for microscopic purposes exposes the 
patient to very serious dangers by increasing the rapidity of second- 
ary new formations. The incision of a cancerous growth or its 
partial removal has justly been regarded as a most dangerous 
procedure, probably because the absorption of the infective material 
takes place rapidly from a wounded surface. While conscious of 
the value of removing portions of a laryngeal neoplasm for diag- 
nostic purposes. I desire to express my strong conviction that it 
should not be resorted to in cases suspected to be cancer unless the 
patient is willing to have a radical operation performed immediately 
after the diagnosis is completed.” 

Those accustomed to the use of laryngeal forceps by indirect 
laryngoscopy may employ this method, but it is only possible to remove 
portions of projecting growths, and the objections formerly raised were 
against biopsies performed in this way. It is better to remove the 
specimen by the direct method, using an anterior commissure laryngo- 
scope and Jacksons basket-shaped tissue forceps, the male blade of 
which can be thrust deeply even into a flat infiltration. This method 
rarely fails to provide a specimen which gives definite information 
microscopically, and the task is accomplished with the least possible 
damage. It must not be forgotten, however, that misleading patho- 
logical reports are not unknown, and in forming a final diagnosis the 
report must be checked carefully and the clinical aspect taken fully 
into account. Removal of an enlarged gland, an indirect method of 
biopsy, is sometimes capable of yielding useful information. 



CHAPTER III 

Surgery of Intrinsic Cancer of the Larynx 


Treatment aims at the removal of a malignant growth surrounded by 
a sufficient margin of tissue to include microscopic extension beyond 
the apparent limits of the tumour. The extent of the growth, so far as 
it can be determined before it is exposed at operation, will decide 
whether this removal can be accomplished by splitting the larynx 
and excising the tumour, or whether a partial or total excision of the 
larynx is required, though certain other points may have to be consid- 
ered also. Naturally, a conservative operation which will allow preser- 
vation of the voice is to be preferred if it is sufficiently extensive for 
the particular case, but this consideration must not outweigh the 
primary need for choosing a sufficiently radical operation. Many 
conservative operations have been followed by recurrences, which 
need not have occurred if the necessity for a more radical excision had 
been realised. The extent of the primary growth is here some guide 
also in deciding whether the cervical lymphatic glands are likely to be 
invaded and whether the operation should include their exploration 
and removal, apart from obvious and palpable enlargement before 
operation. In some situations, such as the pharynx, the extent of the 
primary growth seems to have no definite relation to the extent of the 
glandular enlargement, and it often appears to be in inverse proportion ; 
but inside the larynx the situation and extent of the primary tumour is 
a fairly reliable guide. The observations of Gordon New on this point, 
bearing on the grade of the tumour, are here pertinent (see page 4858). 

The cases most suitable for Iaryngo-fissure are those in which one 
cord only is affected, and this is freely mobile and free from disease at 
either end. If the disease has extended to the anterior end of the cord 
but has not crossed the middle line, this method is still applicable 
provided the section passes strictly through the middle line or even 
somewhat towards the sound side. 

If the disease has crossed the anterior commissure, then partial 
laryngectomy, which includes the front of the larynx, is the least 
radical operation which is applicable. When the disease has crossed 
to the opposite side by first dipping down into the sub- glottic region 
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and then passing across below the anterior commissure, or if the disease 
crossing the anterior commissure has at the same time invaded the base 
of the epiglottis, a partial laryngectomy may be considered, but in such 
cases it will generally be found that a total laryngectomy is required. 

When the disease is limited to one cord, its mobility is a factor which 
must be assessed in deciding whether laryngo-fissure is indicated. 
Impaired movement indicates that the muscles have become infiltrated 
at some distance from the surface, and its importance is shown by an 
analysis of 66 cases by St. Clair Thomson. In 37 cases the cord was 
freely mobile and 31 were free from recurrence three years after the 
operation (84 per cent). In 20 cases the movement of the cord was 
impaired and 15 passed the three-year limit (75 per cent). In 0 cases 
the cord was quite fixed and only 4 cases passed the three-year limit 
without recurrence (44 per cent). 

Fixation of the cord must therefore be taken as a general indication 
that laryngo-fissure is not suitable. If exception is made to this rule 
it must be on the ground that a biopsy has shown that the growth 
belongs to Group I in Broder s Classification. The successful cases of 
laryngo-fissure in the presence of a fixed cord almost invariably owe 
their freedom of recurrence to the low grade of malignancy. One of the 
most rapid recurrences which occurred in the series just mentioned 
followed in a few weeks on a laryngo-fissure for a tumour subsequently 
graded as belonging to Group IV. 

Extension backwards to the vocal process of the arytenoid cartilage, 
and any considerable sub-glottic extension contra-indicate laryngo- 
fissure because this operation does not allow the tumour to be removed 
with a sufficient margin posteriorly. Tumours originating below the 
glottis are unsuitable for laryngo-fissure, for this operation has almost 
invariably failed to provide a successful result in sub-glottic cancer. 
In a few cases, where the growth occupies the anterior part of the 
larynx and is situated at the commissure and upon both vocal cords, 
the operation of laryngo-fissure can be varied by dividing the thyroid 
cartilage to either side of the middle line, thus removing the front of the 
larynx with the underlying growth. This operation, in which the front 
of the cricoid ring can be included, provides a radical cure without 
causing stenosis of the larynx and leaves the patient with a useful voice. 
It has on two occasions provided freedom from recurrence for 5 years 
and 3 years in cases referred on account of recurrence after laryngo- 
fissure. Tapia has described this as “ anterior hemilaryngectomy ” 
Other forms of partial laryngectomy are not very satisfactory, and 
Soerensen shares the view that the indications for partial resection of 
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the larynx are very restricted on account of the difficulty in excising 
the tumour with an adequate margin of sound tissue and in the plastic 
reconstruction of the larynx. 

On tlie other hand, Trotter considers that it is open to controversy 
whether the whole larynx should ever be removed, and that without 
diminishing the chances of recovery it is frequently possible to leave a 
half or one-third of one cord, or even one arytenoid, whilst removing the 
rest of the larynx. By lining the raw surface with skin he claims that a 
good voice is preserved and the danger of the operation much diminished. 

The danger of local recurrence, for which the poor functional result 
obtained by the plastic operation docs not compensate, lends much 
support to the opinion of Socrenscn. In addition, many of the patients 
are compelled to wear a tracheotomy tube permanently on account of 
stenosis. 

Nevertheless, the effort to preserve the functions of the larynx 
without additional risk to the patient, cither of local recurrence or from 
the immediate effects of the operation, is in the true spirit of surgery. 
Of such efforts, one of the best is the method of hemilaryngectomy 
designed by Hautant to provide a rather more extensive excision than 
can be obtained by laryngo-fissure. Nevertheless, the results are remark- 
ably similar to those already mentioned as recorded by St. Clair 
Thomson. In 65 cases submitted to this operation there were 2 
post-operative deaths, and in 21 cases recurrence. Further, if the 
cases were divided into three groups with (1) mobile cord, (2) cord 
slightly mobile, and (3) cord fixed, it was found that in the first 
group there were 14 cases without any recurrence. In the second 
group there were 21 cases with 2 post-operative deaths and 1 recurrence. 
In the third group, where one-half of the larynx was quite fixed, there 
were 30 cases with 18 recurrences, that is, 60 per cent. 

It appears, therefore, that the operation does not justify itself by 
the results in the third group of cases, and it is just in that group that 
some operation less mutilating than laryngectomy would be desirable, 
if it could provide the same security against recurrence. It is in this 
group also that radium fails with coiisistent regularity. It is impossible, 
therefore, to escape the conclusion that, in cases which are too advanced 
for radical treatment by laryngo-fissure, the tendency for the growth 
to cross the middle line below the anterior commissure and to attack the 
crico-thyroid membrane or to invade the base of the epiglottis makes 
the indications for partial resection of the larynx very limited, and that 
such cases should generally be treated by total laryngectomy. The 
observations of Maclventy and of Gordon New on the microscopic 
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extension of carcinoma in the larynx beyond the apparent limits of the 
growth lend strong support to this view {see page 4857). 

Laryngectomy is indicated for intrinsic cancer in the following 
conditions : 

(1) When the tumour has extended forwards into the epiglottis, 
or backwards to the arytenoid cartilage. 

(2) II it has crossed to the opposite side below the anterior commis- 
sure or if there is more than a trifling sub-glottic extension. 

(3) VI hen the ventricular band is attacked, or there is evidence 
that the tumour has originated in the ventricle of the larynx. 

(4) When the thyroid cartilage or the crico-thyroid membrane is 
invaded. 


(o) Uhen one cord is fixed, with tire possible exception in the case 
of tumours classified in Grade I, or if both cords are fixed. 

(b) In cases of recurrence after laryngo-fissure, a partial laryn- 
gectomy may occasionally succeed (see page 4800), but laryn- 
gectomy is usually indicated. 
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CHAPTER IV 

Partial Resection of the Larynx 
LARYXGO-FISSURE 

In the preparation of the patient, abstinence from alcohol and the 
reduction of excessive smoking for several days beforehand are valuable 
in reducing congestion and bleeding during the operation. The treat- 
ment of the mouth need not be so drastic as is necessary before laryn- 
gectomy or pharyngotoiny, but tin’s does not mean that it may be 
neglected, and all loose teeth should be removed not less than ten days 
before the operation. The wound does not come into contact with 
mucus and saliva from the mouth, so that there is not the liability 
to sloughing which occurs after operations on the pharynx if raw surfaces 
are left exposed. 

The operation is often performed under local or regional amesthesia 
only, but combined general and local anaesthesia spares both the patient 
and surgeon a formidable ordeal and has proved satisfactory. 

The line of the incision from the hyoid hone to the juguhan is 
infiltrated with novocaine solution, containing not more than 1 in 10,000 
adrenalin. If eudrenine, which contains /}*eucain and answers very well, 
is used, not more than 3 cc. should be injected, as any excessive quantity 
of adrenalin interferes with healing, but almost any quantity of 2 per 
cent novocaine may be used without danger. The general anesthetic 
of chloroform or of chloroform and ether can then be quite light, as 
the local anaesthetic abolishes the reflexes from the skin of the neck, 
so that incision and manipulation of the skin produce no reflex 
movements. 

All preliminary medication, so-called basal anaesthetics, and 
especially anaesthetics administered by the rectum, should be strictly 
avoided. These may have some advantages in abdominal surgery, but 
in operations on the larynx and pharynx nothing can replace a skilful 
anaesthetist who will keep the patient at a steady level of anesthesia 
from which he can recover rapidly with a cough reflex present at the 
end of the operation. 

The patient is placed in the position for tracheotomy, lying supine 
with the shoulders raised by a flat sand-bag so that the head can be 
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well extended with the larynx and trachea thrown forward. The 
head should be fixed in this position by a pair of sand-bags and kept 
strictly in the median position throughout the operation, so that the 
larynx is split exactly through the anterior commissure. The shoulders 
must be placed and retiined at the same level. 

The incision from the hyoid bone to the jugulum divides skin and 
fascia, and if the local an<esthetic has been given fifteen or twenty' 
minutes to take effect there is no bleeding from the skin. The pre- 
laryngeal and pre-tracheal muscles are separated in the median line and 
held apart with retractors, exposing the isthmus of the thyroid gland. 
A few \eins crossing the middle line obliquely sometimes require to be 
divided between two ligatures to obtain a good exposure. The thyroid 
isthmus should be freed by cutting the fascia attached along its upper 
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edge and separating it from the trachea with a blunt dissector (fig. 2041). 
The isthmus can then be clamped and divided, but the only vessel 
which is usually liable to bleed is one which runs along the upper 
border. This vessel should be underrun with a ligature on a needle 
and tied on cither side. The trachea, cricoid and thyroid cartilage are 
then cleared up to the notch, taking care not to denude the cartilages 
of the external perichondrium. A few drops of 2 per cent solution of 
cocaine injected into the trachea with a hypodermic syringe, so that 
the liquid falls upon the posterior wall, will render the trachea in- 
sensitive and prevent unnecessary coughing and straining when the 
tracheotomy tube is inserted. 

Whilst the cocaine is taking effect, all bleeding points are tied. The 
bleeding is usually entirely venous and conics from branches of the 
anterior jugular, veins in the capsule of the thyroid gland, and super- 
ficial veins in the fascia beneath the skin. 

When the wound is perfectly dry the trachea is opened by cutting 
away the front of the third or fourth ring. The simplest way is to 
divide the membrane above and below the ring and then to cut away the 
middle of the ring with a Hajck sphenoidal punch or Citelli forceps. 
A clean piece can thus be clipped out whether the cartilage is calcified 
or not. This opening will then receive a Durham tube without the 
pressure and damage caused by inserting the tube through a slit. If 
it is not big enough the centre of an adjoining ring above or below can 
be clipped away in the same manner. The anaesthetic is now continued 
by administration through the tracheotomy tube. 

Either before the trachea is opened or at this stage the thyroid 
cartilage is divided in the middle line with a Hey saw or a small saw 
provided with a bayonet handle which will clear the chin (see fig. 2643). 
It is easiest to do this standing behind the head of the patient. The 
cut need not pass through the whole thickness of the cartilage, and in 
women it is so soft that no saw-cut is needed at all. The crico-thyroid 
membrane is then divided, and the lower blade of Irwin Moore shears 
introduced into the larynx between the vocal cords from below and 
pushed home until the lower edge of the cartilage lies against the angle 
between the blades (see fig. 2645). One cut with the shears, keeping 
scrupulously to the middle line along the saw-cut, will then divide the 
cartilage completely, and only a few touches with a knife are necessary, 
to divide strands of soft tissue, so as to allow the larynx to be opened. 
In women, in whom the larynx is small and wlien opened provides a 
cramped field for operation, a better exposure is obtained by dividing 
the cricoid also in the middle line. The cartilage is soft and yielding 
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so that the two halves can be retracted, which is neither possible nor 
desirable in men. This division of the cricoid does not cause stenosis 
later, as it does in children when the cricoid is cut in the operation of 
tracheotomy and the cut edges turn inwards. 

The two halves of the larynx are then retracted with short right- 
angled retractors and the extent of the growtli ascertained (fig. 2G40). 
If the section has passed precisely through the middle line, a small 
nodule of cartilage can be seen at the anterior extremity of each vocal 




cord. Cough can be controlled by applying a little 5 per cent cocaine 
to the interior of the larynx. This helps also to define the outline of 
the tumour. 

The trachea is then packed above the tracheotomy with a Ion* 
strip of ribbon gauzq, which gives complete protection against blood 
running down towards the lungs. If two pieces are used the upper 
can be changed if it becomes soaked during the operation, and the 
lower piece left until the end of the operation. 

The growth is then removed by peeling the perichondrium off the 
inside of the thyroid cartilage back to the arytenoid, upwards to the 
edge of the thyroid cartilage and downwards to the attachment of the 
crico-thyroid membrane (fig. 2647). If this does not give sufficient 
margin below the tumour, this method of operating is unsuitable and 
no attempt should be made to peel the mucosa off the crico-thyroid 
membrane or the inner surface of the cricoid cartilage. 

Two cuts are then made straight backwards, the upper above the 
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cord through the ventricular band, and the lower as low as possible 
below the cord back to the middle line. With a suitable pair of curved 
scissors pressed back against the posterior laryngeal wall, the remaining 
attachment is divided behind the growth with a single cut (see fig. 2648). 
This cut should pass through the vocal process of the arytenoid car- 
tilage. The removed mass should show a clear margin of sound tissue 
especially behind and below the tumour, but the requisite margin 
varies according to the nature of the tumour (see page 4858). 

An internal branch of the superior laryngeal artery, divided by 
this cut, just external to the face of the arytenoid, is liable to bleed at 
this stage. The bleeding can easily be stopped by underrunning the 
point with a catgut ligature on a Reverdin needle. There is no need to 
resort to prolonged pressure and packing. 

The neck is then flexed to make sure that there are no superficial 
veins which bleed when the tension on the tissues outside the larynx 
is relaxed. The packing is removed from the trachea, and the wound 
closed in two layers as far down as the tracheotomy tube, the fascia 
and muscles with catgut, and the skin with fine sillcworm-gut. 

The tracheotomy tube can be removed at the end of the operation, 
but it is preferable to retain it in position for four or five hours, until 
the patient has recovered from the anaesthetic and there is no fear of 
recurrent haemorrhage. 

Variations in Technique. Some surgeons dispense with the tracheo- 
tomy, and operate either under local amesthesia or under intra-tracheal 
anaesthesia maintained by administering the anaesthetic through a 
catheter which lies at the back of the larynx between the arytenoid 
cartilages. The return current is considered sufficient protection 
against the inhalation of blood downwards towards the lungs. This 
method allows the whole length of the incision to be sutured so that 
primary union of the entire wound can be obtained. On the other 
hand, tracheotomy enables the operator to make quite certain that no 
blood runs down, it diminishes the risk of surgical emphysema which 
can spread down to the -wrists if the wound is sutured, and if any 
recurrent haemorrhage occurs it is more easily arrested if the tracheo- 
tomy tube is in place or can be easily replaced. In consequence, the 
additional safety gained by employing the tracheotomy outweighs the 
risk associated with the brilliant results which can be obtained without it. 

For the following reasons St. Clair Thomson advised that the greater 
part of the thyroid ala should be excised on the side where the tumour 
is situated : (1) To obtain free access to the field of operation 
and facilitate complete excision of the disease; (2) To allow more 
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satisfactory haemostasis ; (3) To promote quicker healing of the endo- 
laryngcal wound ; (4) To secure a more satisfactory airway ; and (5) To 
avoid necrosis of cartilage. 

It is true that a good airway is maintained in this way and that 
the perichondrial surface heals more quickly than the cartilaginous, 
which becomes covered with granulations slowly. It is, however, not 
necessary in cases suitable for laryngo-fissure, and it lias the serious 
disadvantages of removing the cartilaginous barrier in case of recur- 
rence, and also of making the operation of laryngectomy much more 
difficult should it subsequently be needed for recurrence. It is preferable 
therefore not to remove the cartilage in cases amenable to simple 
laryngo-fissure, while in cases in which a more extensive operation, 
short of total laryngectomy, is indicated owing to the extent of the 
growth across the anterior commissure or in the sub-glottic area, the 
technique of Ilautant, in which a wider anterior and sub-glottic exposure 
is obtained by resection of cartilage, is more suitable. 

Some surgeons use diathermy for the excision, but it is very doubt- 
ful if anything is gained by using diathermy in the neighbourhood of 
cartilage, in which it is likely to cause necrosis. 

Preliminary ligature of the superior laryngeal artery has been sug- 
gested in order to reduce or control the haemorrhage inside the larynx 
which follows the excision. 

The superior laryngeal artery is generally a branch of the superior 
thyroid, but it may come directly from the external carotid, or it may be 
double. One vessel then comes from the superior thyroid and both enter 
the larynx together. The ligature should therefore be performed where 
the vessel or vessels perforate the thyro-hyoid membrane. Ohngren 
records that he has done this in five cases and obtained satisfactory 
healing without any bleeding in the larynx during the operation. 

The patient should be nursed sitting up in bed, and neither morphia 
nor heroin should be given as both these drugs dull the cough reflex. 
Bromide and aspirin provide a sufficient sedative effect. If the trache- 
otomy tube has not been removed at the end of the operation, it can be 
withdrawn about six to eight hours later. The patient may be given 
sterilised water to swallow from a feeding cup the same evening, and 
before any nourishment is given he must be tested carefully in this 
way to ascertain that liquid does not go into the larynx when the effort 
is made to swallow. Some patients with a tracheotomy tube or opening 
can prevent food and drink going the wrong way by covering the end 
of the tube with a finger during the act of swallowing. 

There need be no restriction on the use of the voice after the 
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operation. Tlie earlier the patient begins to use the voice in moderation 
the more like ly is a firm cicatricial band to form replacing the excised 
cord, and to this the sound cord can approximate and produce an almost 
normal voice. The side from which the cord is removed always remains 
fixed, and in the early days the voice is always weak because there is 
a waste of air passing through the enlarged glottis until the adven- 
titious cord is formed. In a few cases this band of scar tissue does not 
form, so that the sound vocal cord continues to face a concavity and the 
patient is left permanently with a weak though useful voice which is 
little more than a whisper. If the voice is over-used or strained, hyper- 
trophy of the remainder of the ventricular band may arouse the 
suspicion of recurrence. 

From the third to the eighth week after the operation a granulation 
sometimes appears on the raw surface inside the larynx, most often on 
the edge of the cartilage anteriorly. This granulation may also give 
rise to the suspicion that the disease has reappeared rapidly, but its 
colour and character usually suggest that it is only soft granulation 
tissue. If left alone it becomes organised into smooth scar tissue and 
disappears, a process which takes several months or even a year. 
If it interferes much with the recovery of the voice, or if there is any 
real doubt about its innocent character, it is better to remove it with 
forceps. 

The results obtained by laryngo-fissure before the end of the nine- 
teenth century were discouraging, but at the present time a series of 
well-selected cases should show at least SO per cent of permanently 
gccd results. St. Clair Thomson claims 70 per cent, and Chevalier 
Jackson 79 per cent of cases free from recurrence after periods ranging 
from 3 to 21 years. In a series of 70 cases St. Clair Thomson had 
3 operative deaths, one of which was due to post-operative rupture of 
the oesophagus from vomiting. 

Local recurrence usually appears within a year after the operation, 
and this may be taken to indicate either some technical error or that the 
case was unsuitable for the operation. When recurrence takes place 
at a later date it is usually in cases of sub-glottic cancer, which, should 
not he submitted to laryngo-fissure. Thus in the 70 cases recorded by 
St. Clair Thomson there were 11 local recurrences, of which 8 occurred 
during the first year after the operation. In the re maining 3 the 
recurrence did not appear until after 3 years, and these cases were all 
sub-glottic. In one case under my personal treatment the operation was 
done for an endothelioma, which recurred after an interval of 8 years. 

Recurrence in the cervical glands is quite uncommon after larvngo- 
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fissure for early cases of carcinoma, but it happens in a few cases, and 
there may even be a recurrence in the mediastinal glands. 

Metastatic deposits are also rare, but occur occasionally in the lungs 
and liver. In some cases a fresh attack of the disease has occurred after 
several years in remote organs such as the prostate, stomach or rectum. 

ANTERIOR HEM I LARYNGECTOMY 

When the tumour occupies the commissure and the anterior part of 
both vocal cords, the operation of laryngo-fissurc can be varied by 
removing the front of the thyroid cartilage and, if necessary, the front 



of the cricoid cartilage. According to Tapia, the operation can succeed 
even if the crico-thyroid membrane is attacked by the growth. 

The details of the operation must be modified to suit the needs of 
each particular case. Tapia gives the following general description of the 
technique under local anaesthesia : 

An incision is made from the hyoid bone to the jugulum with two 
horizontal incisions, one at the lower border of the hyoid bone and the 
other at the lower border of the cricoid. Two rectangular flaps are then 
raised. The pre-laryngcal segments of the sub-hyoid muscles are then 
resected and the anterior part of the thyroid cartilage, the cricoid 
and the trachea exposed. A vertical saw-cut in each wing of the thyroid 
cartilage is made at a distance of 2 cms. from the middle line, and, if 
necessary, carried downwards to include the cricoid cartilage (fig. 2G49). 
Seizing the angle of the thyroid cartilage with vulsella the front of 
the larynx with the underlying tumour is then cut away from above 
with a knife, following the line of the saw-cuts laterally. The two skin 
flaps are then turned inwards and attached to th e cut edges of the larynx. 
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After healing is complete, the front of the larynx is reconstructed from 

two layers of skin flaps. 

In four cases in which this type of operation has been undertaken 
personally, the first stages of the operation have been the same as in 
laryngo-fissure. The sub-hyoid muscles have been retracted, for if the 
muscles are invaded this limited operation is not likely to succeed, 
although a total laryngectomy may succeed even in these circumstances. 
The thyroid cartilage was then sawn through as already described. If 
required, a sub-pericliondrial dissection can be carried back from the 
lateral saw-cuts on either side with a blunt instrument, so that the 
extent of the excision is not altogether limited by the exact position of 
the cuts, and care is necessary that the excision inside the larynx goes 
wide of the growth behind. 

By performing the excision from above downwards, a view of the 
growth displaying its exact extent can be obtained before it is excised. 

At the end of tbe operation the wound has been closed in the same 
way as after laryngo-fissure and a good airway has always been obtained. 
It is doubtful if the plastic operation employed by Tapia is of any 
value in preserving the capacity of the glottis. Unless the skin flaps 
used in plastic operations upon the larynx are of exactly the right size 
and are kept taut, they are apt to fall inwards and so to di minis h rather 
than increase the lumen of the larynx. It is generally better, therefore, 
to avoid plastic operations with this end in view, unless there is not 
sufficient skin to close the external wound, in which case a plastic 
operation is unavoidable. 

Hemilaryngectomy by the method of Hautaut is not strictly a 
hemilaryngectomy in the anatomical sense as was the operation per- 
formed by Gluck followed by a plastic reconstruction of the larynx 
with skin flaps ; but although the posterior portion of tbe thyroid 
ala and the whole of the cricoid plate are preserved, the title of hemi- 
laryugectomy is justified by the extent of tissue which is removed from 
the interior of the larynx. 

The steps of the operation are as follows : After exposing the front 
of the larynx the thyroid ala on the sound side is divided vertically 
about a quarter of an inch, from the middle line by cutting out a gutter 
with forceps, the inner layer of perichondrium being kept intact 
(fig. 2650). On the side where the tumour is situated, the thyroid ala 
is divided in a similar way at the junction of its middle and posterior 
thirds (fig. 2651 ). Always preserving the inner layer of perichondrium, 
the cricoid ring is then resected on the side of the tumour from the 
middle line to its junction with the cricoid plate (fig. 2652). At this 
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i"tf. 2&30 — HEHiHRYsaicTomr. Method or Fig. JM!.— IIeiiiUI) xaECTGMY. Method or 
HaVT AST. (After Ombrtdaniu.) Hactast (After OnbrtJaniu.) 



Fig 2632. — Hemilabysoectomy. Method or Fig. 2653. — Hemilabi sgectosiy. Method or 
HaCTaxt. (After Ombretdanne.) H act AST. (After Omtredanne.) 
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stage a high tracheotomy is performed. Then the cut ala of the thyroid 
cartilage on the side of the tumour is drawn over to the sound side, and 
with a blunt dissector the soft parts arc detached backwards from the 
cricoid plate as far as or even beyond the middle line behind (see fig. 
2653). In the upper part it is necessary to avoid opening the mucous 
membrane lining the sinus pyriformis, but the line of cleavage is easily 
recognised. To complete this detachment the crico-thyroid and the 
crico-arytenoidcus lateralis muscles, which form a barrier between the 
upper and lower parts of the dissection, have to be divided (fig. 2654). 
The front of the arytenoid cartilage is cut across with curved scissors. 
A branch of the superior laryngeal artery usually bleeds freely at this 
moment. The upper edge of the thyroid cartilage is then freed from the 
middle line as far back as the point where it has been divided. So far 
the operation has been entirely extra-laryngeal and no blood or secre- 
tions can enter the airway. In the final stage of the operation the 
tumour with its surrounding tissue and overlying cartilage is removed 
by cutting vertically into the larynx a quarter of an inch from the 
middle line on the sound side following the line of section of the thyroid 
cartilage. The lower part of this incision at the level of the cricoid is in 
the middle line (fig. 2653). The incision then passes horizontally out- 
wards and backwards above the first ring of the trachea (fig. 2656). 
Posteriorly the incision passes vertically from below upwards, either 
in the middfe line or slightly to the sound side, and horizontally above 
so as to include the ventricular band (fig. 2657). 

After all bleeding has been arrested, the cavity is packed and the 
wound sutured. The packing keeps the larynx from contamination 
by the pharyngeal secretions and enables the patient to swallow 
without any escape of liquid into the larynx or trachea. The packing 
is left in place until the fourth day after the operation and the cannula 
for three weeks. In men it has always been possible to dispense with 
the cannula, but in women the airway is no longer adequate and the 
cannula has to be retained permanently. 

In the cases in which I have followed this technique this complicated 
treatment after the operation has not proved necessary ; the wound 
has been sutured, and the patient treated in the same way as described 
under Laryngo-fissure, with satisfactory results. 
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stage a high tracheotomy is performed. Then the cut ala of the thyroid 
cartilage oil the side of the tumour is drawn over to the sound side, and 
with a blunt dissector the soft parts are detached backwards from the 
cricoid plate as far as or even beyond the middle line behind (see fig. 
2053). In the upper part it is necessary to avoid opening the mucous 
membrane lining the sinus pyrifonnis, but the line of cleavage is easily 
recognised. To complete this detachment the crico-thyroid and the 
crico-arytenoideus lateralis muscles, which form a barrier between the 
upper and lower parts of the dissection, have to be divided (fig. 2G54). 
The front of the arytenoid cartilage is cut across with curved scissors. 
A branch of the superior laryngeal artery usually bleeds freely at this 
moment. The upper edge of the thyroid cartilage is then freed from the 
middle line as far back as the point where it has been divided. So far 
the operation lias been entirely extra-laryngeal and no blood or secre- 
tions can enter the airway. In the final stage of the operation the 
tumour with its surrounding tissue and overlying cartilage is removed 
by cutting vertically into the larynx a quarter of an inch from the 
middle line on the sound side following the line of section of the thyroid 
cartilage. The lower part of this incision at the level of the cricoid is in 
the middle line (fig. 2055). The incision then passes horizontally out- 
wards and backwards above the first ring of the trachea (fig. 2656). 
Posteriorly the incision passes vertically from below upwards, cither 
in the middle line or slightly to the sound side, and horizontally above 
so as to include the ventricular band (fig. 2057). 

After all bleeding has been arrested, the cavity is packed and the 
wound sutured. The packing keeps the larynx from contamination 
by the pharyngeal secretions and enables the patient to swallow 
without any escape of liquid into the larynx or trachea. The packing 
is left in place until the fourth day after the operation and the cannula 
for three weeks. In men it has always been possible to dispense with 
the cannula, but in women the airway is no longer adequate and the 
cannula has to be retained permanently. 

In the cases in which I have followed this technique this complicated 
treatment after the operation lias not proved necessary ; the wound 
has been sutured, and the patient treated in the same way as described 
under Laryngo-fissure, with satisfactory results. 



CHAPTER V 
Total Laryngectomy 


A general survey is naturally of importance, for many of the patients 
are of an age at which physical disabilities and chronic diseases are 
common, but careful consideration is necessary before such conditions 
need be regarded as contra-indications. Thus a patient with a gross 
aortic reflux from syphilis was submitted to laryngectomy, and primary 
union of the whole wound without leakage from the pharynx was 
obtained. In another patient, who suffered from chronic bronchitis 
dating from an empyema eighteen years before, laryngectomy caused 
no aggravation of the bronchitis. In a tliird patient with cirrhosis of 
the liver in addition to laryngeal obstruction, the larynx and enlarged 
ymphatic, glands on both sides of the neck were removed with perfect 
healing. This patient returned to liis bibulous ways after the operation 
an ie a year later from cirrhosis without any sign of recurrence. As 
a general rale, hepatic cirrhosis would be a contra-indication, but it is 
necessary to take all the circumstances, both physical and psychological, 

of each case into consideration. 


Diabetic patients need preliminary regulation of diet and meta- 
bolism (see \ol. I, page 790). 

me " t of tie cervical glands is not a contra-indication, 
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C T d “T der ‘° ^ -S3. Evidence of 

metastahe depots would be an absolute contra-indication, but this is 


cnd teethTd l ft hOU " hich DEeds at «ntiou is the month 
it ls “re fcr nar 6 , L"™* be neithi!r ^tion nor compromise. 

,° T 1 0pcra,im '“>ve sound teeth 
though Ins is occasionally so even nt a comparn- 

‘ilht len the o > ? "°' V ^ had at the a S“ ot ^' 

before, the event showed that it would not hT T™* ^ ^ 

loss Mnst of fLo TYO*: I um not have been a very serious 

toss. Most of the pat, cuts are ether edentulous or have gross infection 



PHARYNX AND LARYNX 4883 

of the gums and sockets, and so arc not asked to make any great 
sacrifice. 

In laryngectomy and pharyngotomy, however carefully the wound 
may be sutured, it is not always possible to prevent mucus and saliva 
from the moutli from coming in contact with raw surfaces. If this 
happens a slough is produced, and if the saliva is heavily infected the 
effect may be very serious. Severe local inflammation, with deep 
sloughing and possibly secondary haemorrhage, results with general 
febrile reaction, leading sometimes to septicaemia or broncho-pneumonia 
from an overwhelming streptococcal infection. 

Cases in which the teeth arc removed and ten to twenty days are 
allowed to elapse for the healing of the gums and the establishment of 



Fig. 2G58. — Tt4\stLU( thacheOtomv. 



Fig 2G59 — TniCiit»ToM\ ibom tiukoid isthmus 


immunity are those in which the quickest healing with least wound 
infection is obtained. If the patient has long been edentulous the level 
of local immunity seems to fall, so that there is then sometimes some 
local sloughing in spite of the edentulous state, but there are not usually 
any serious general effects. The operation must therefore not be under- 
taken without removing every infected tooth, and preferably all the 
teeth if any need removing at all, and it is equally important to allow 
a sufficient period to elapse for healing. Ten days is the minimum for 
this, otherwise the advantage of the extraction is lost, and in the same 
way scaling and cleansing shortly before the operation only stir latent 
infection into activity and do more harm than good. 

If there is more than the slightest laryngeal obstruction when the 
patient presents himself, a preliminary tracheotomy is essential in 
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oxtler to allow the respiration to become readjusted, otherwise the 
laryngectomy is liable to be followed by bronchitis quite apart from 
any other technical error. If the obstruction is but slight, the teeth 
can be extracted under local anaesthesia and the patient kept at rest 
until the time for the laryngectomy arrives. If there is stridor and 
sleep is dis turbed, a pre liminar y tracheotomy allows the extraction to 
be performed under general anaesthesia or evipan. 

It is more convenient to do the preliminary tracheotomy through 
a transverse incision just above the jugulum than through the 
Usual vertical incision, in order to leave the field above as clear as 
possible foT the major operation (see figs. 265S-2661). A preliminary 



rtiMJ arrorrs. 


tracheotomy is to be avoided if po&ible. because it causes wound infec- 
tion and prevents a clean operation later, while the cannula with the 
surrounding reaction obscures the anatomical field. 

A preliminary tracheotomy therefore should not be done with the 
object of facilitating the operation, but only to render a patient who 
has reached the *tage of stridor or dyspnoea from larvmreal obstruction 
safe for lairngeetoinv. 

The operation is most commonly perforated under local or regional 
anasthesia. The nerves concerned are the anterior branches id tie 
second to the mnith cervical nerves, fiom which spring the great auri- 
cular rah the transverse and descending cervical plexus' and also 
the sapenor laryngeal nerve. The reeunem larrrgsd nerve is not 
concerned. 
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Anaesthesia is obtained by the method of Braun. Soerensen 
recommends that it should be carried out in the following way : A 
line is taken from the mastoid process to the sterno-clavicular joint 
and. at the junction of the upper and middle thirds, the posterior border 
of the sterno-mastoid is pushed forward with the tip of the left fore- 
finger, so as to identify the underlying transverse process of the fourth 
cervical vertebra. The external jugular vein crosses obliquely just 
below this spot. The needle of the syringe is then pushed straight 
inwards through the skin for 1 J cms. across the transverse process in 
the sagittal direction. The needle is then turned vertically to avoid 
entering the intervertebral foramen and injury to the vertebral artery. 
Twenty to thirty cc. of \ per cent novocaine are injected on each side. 
This is less than recommended by Braun, but the quantity is sufficient 
to block the whole of the cervical plexus, and if too much is used the 
sympathetic, phrenic and vagus also may be blocked. No adrenalin is 
required. Before the injection is made it is necessary to make certain 
that no blood escapes from the needle, as very serious accidents have 
resulted from injecting the vertebral artery and also from pushing 
the needle through the intervertebral foramen and the dura mater into 
the spinal canal. 

The superior laryngeal nerve is blocked by inserting the needle 
straight through the skin at the upper border of the thyroid cartilage, 
2 cms. from the middle line. The point of the needle is then carried 
upwards and outwards for 1-1 cms. so as to traverse the muscles close 
to the spot where the nerve runs downwards on the thyro-hyoid mem- 
brane on the inner side of the vessels. Having made certain that no 
blood from the superior laryngeal artery or vein is escaping into the 
needle, 5 cc. of ^ per cent novocaine solution are injected. 

Anaesthesia of the mucous membrane of the pharynx is obtained by 
applying cocaine solution or 2 per cent pantocain. 

In England, in spite of the advantages claimed for local anesthesia, 
most surgeons still prefer general anaesthesia. The patients are almost 
always of a type that tolerate chloroform very well, and if this is combined 
with infiltration of the skin along the lines of the incision with 2 per 
cent novocaine the amount of chloroform required is quite small. 

This method inflicts much less strain upon the patient and, provided 
that the chloroform is skilfully administered, it does not appear to have 
any influence upon the operative mortality. The infiltration of the 
skin should be done at least a quarter of an hour beforehand in order to 
obtain the full effect. 

The patient should be placed in the supine position with a flat 
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pillow or sand-bag under the shoulders, as recommended for laryngo- 

fissure. 

The original incision employed by Langenbeck extended from the 
body of the hyoid bone to the jugulum in the middle line. If two 
transverse incisions are added at either extremity, a good exposure of 
the field is obtained by turning aside the two rectangular flaps of 
skin thus defined (fig. 2662). This incision, however, fails to comply 
altogether with the requirements demanded by the two factors, which, 
«inre the day of Langenbeck, have proved to be most important 
m establishing the operation as a reasonably safe procedure. Gluck 



showed that the best protection against the inhalation of blood and 
secretion was to close the pharynx completely and shot it oS from ail 
communication with the air-passages. If the longitudinal incision is 
used it lies in part directly over the line of sutures in the pharynx, and 
if infection causes the wound to break down and open, a fistula into 
the pharynx may result. The other factor is the fixation of the end of 
the trachea to the skin, and the provision of lateral drainage away 
from the orifice. Any leakage through the median incision is towards 
and in the neighbourhood of the tracheal orifice, and although lateral 
drainage is possible the form of the wound does not lend itself very 
readily to this object. Both these objects are more easily attained by 
using a single large flap of skin with its base in the neighbourhood of 
the hyoid bone, as first suggested by Durante (fig. 2663). This flap is 
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well nourished and completely covers the line of sutures in the pharynx, 
its lower edge can be sutured accurately to the cut edge of the trachea, 
and by leaving the sides of the flap partially unsutured free lateral 
drainage can be provided away from the trachea. 

If Iaryngo- fissure has been performed previously through a median 
incision it is generally wise to excise the scar, so that it is necessary to 
employ the median incision already made. If also a portion or segment 
of the pharynx has to be excised with the larynx, so that primary 
closure of the pharynx is not possible and its edges must be sutured to 
the skin, then the median incision must be used, as a pharyngostome 
is being created deliberately. In simple laryngectomy for growths not 
invading the pharynx, which can be closed by suture, the single flap 
described has great advantages whenever it can be employed. Gluck 
and Soerensen describe the excision of the larynx in one stage from 
above downwards in five steps : 

(1) Isolation of the larynx and ligature of blood-vessels which 
supply it. 

(2) Excision of the lymphatic glands. 

(3) Separation of the larynx from the pharynx and oesophagus, and 
closure of the pharynx. 

(4) Separation of the larynx from the trachea, and suture of the 
trachea to the skin. 

(d) Cfosure and drainage o f the wound. 

A transverse incision is made an inch above the juguluiu from one 
sterno-mastoid to the other. The subcutaneous veins are defined with a 
blunt dissector and divided between ligatures. The anterior jugular 
vein will be found near the edge of the sterno-mastoid. The incision is 
then deepened through the fascia to expose the pre-laryngeal muscles. 
Incisions are next made on either side along the anterior border of each 
sterno-mastoid from the tubercle of the great cornu of the hyoid bone 
to the extremity of the transverse incision. These incisions are then 
continued outwards and downwards for a short distance towards the 
clavicle. These prolongations provide a bed in which the lowest 
drainage-tubes can lie comfortably later. The U-sliaped flap of skin 
thus marked out is then turned upwards as far as the hyoid bone. The 
dissection is made in the layer between the fascia and the pre-laryngeal 
muscles, taking care to avoid buttonholing any of the vessels in the 
flap and so to preserve its nutrition. The external jugular should be 
defined in each side as the lateral incisions are made, and divided 
between ligatures ; otherwise the lower end is apt to retract under the 
edge of the skin and, if overlooked, may bleed later. The sterno-hyoid, 
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stemo-thyroid, thyrohyoid and upper belly of the omo-hyoid are then 
divided and removed (fig. 2664). As their attachments are divided 
their function is lost and it is useless to preserve them, and it sometimes 
happens that a carcinoma attacking the crico-thyroid membrane has 
already begun to infiltrate the muscles. In this case it is imperative 
to resect the muscles widely. In one such case of invasion of the 
muscles the patient has survived without recurrence for fifteen years. 

The sterno-hyoid and stemo-thyroid are raised off the thyroid 
gland on a director and divided at the lower part of the wound. Above, 
the sterno-hyoid and thyro-hyoid are raised just below the hyoid bone 
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and divided opposite the thyro-hyoid membrane; laterally, the omo- 
hyoid is divided at the anterior border ot the sterno-mastoid. The 
stumps of the thyro-hyoid and stemo-thyroid are left attached to the 
thyroid cartilage. 
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down below the glottis, so that several rings of the trachea must be 
removed. If there is any obstruction to the breathing at or before this 
stage, a laryngotomy tube can be introduced through the crico-thyroid 
membrane and the anaesthetic continued through it. All bleeding 
points in the neighbourhood of the thyroid gland should be underrun 
with fine catgut on needles and tied. 

The superior thyroid artery running to the upper pole of the thyroid 
gland is then defined, and by drawing the lateral lobe and the larynx 
apart the crico-thyroid artery is exposed and divided as it enters the 
crico-thyroid membrane (fig. 2665). The lateral lobe is then quite 
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free from the larynx, so that they can be drawn apart with retractors 
and the larynx tilted over to expose the posterior border of the thyroid 
cartilage. The inferior constrictor and stylo-pharyngeus muscles are 
then divided at their attachments to the whole length of the posterior 
border of the thyroid ala. By making an incision along the posterior 
border of the thyroid cartilage, the mucous membrane of the fossa 
pyxiformis can be dissected off from outside with a blunt instrument, 
but care is necessary not to perforate into the pharynx. The thyro- 
hyoid ligament is then divided at the tip of the superior cornu of the 
thyroid ala, which allows the larynx to be drawn away from the hyoid 
bone with a wide exposure of the thyro-hyoid membrane. The superior 
laryngeal artery with its accompanying veins and nerve is then easily 
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defined ia the tbyro-hyoid membrane, and the pedicle ligatured and 
divided (fig. 2666). It is recommended by Gluck and Soerensen that 
the nerve should not be included in the ligature in order to avoid 
reflex shock, but under general anesthesia I have always included the 
nerve in the ligature without producing any alarming symptoms, and 
this seems the best prevention against an ascending neuritis. 

(2) In many cases of intrinsic cancer of such extent that laryngec- 
tomy is required, the lymphatic glands in the neck are infiltrated with 
cancer cells, even if they cannot be felt by careful palpation clinically. 
The glands of Poirier lying in front of the larynx under cover of the edge 



Fig. 2CG0 — LiarsoEcroinr. 
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of tlie thyroid isthmus have already been mentioned. Still more impor- 
tant are the deep cervical glands lying on the outer side of the internal 
j ugular vein about the level of the carotid bifurcation. By drawing the 
sterno-mastoid hack with a retractor and opening the carotid sheath, 
the presence of enlarged glands can be detected. Often a few glands 
no larger than beans can he found, and if this is so the whole length of 
the vem should he searched and the glands dissected off (fie 2067). 
Sometimes the only gland to be affected is one lying in the angle formed 
by the junction of the common facial vein with the internal jugular. In 
such cases tins excision is sufficient to keep the patient free from 
recurrence for many years, and is not a serious extension of the opera- 
tion. If the glandular invasion is more extensive than this, as happens 
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constantly in cancer of the epiglottis and pharynx, and occasionally in 
intrinsic cancer, the jugular vein must be resected and the whole side 
of the neck cleared. In such cases it is better to begin the operation 
with a block dissection of the internal jugular and sterno-mastoid 
glands under aseptic conditions, and then to follow with the laryngec- 
tomy or pharyngotomy as the situation and extent of the primary 
tumour demand. The skin incisions must be planned with these 
requirements in view. If the mass of glands is so adherent that it 
cannot be removed without ligature of the common carotid, the 
operation should not be attempted. 

(3) The next step is to free the larynx from the pharynx and 
cesophagus. The wound should be packed well with gauze on each side 


Ftf 2C4J7 — Laryvoeciuxy. 
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to minimise the possibility of infection from the pharynx, which has 
now to be opened. Although there are conditions under which the 
epiglottis can be safely left, it is so frequently infiltrated at its base 
that it is better to remove it always with the larynx. A direct incision 
through the thyro- hyoid membrane would cut the epiglottis oS near 
its base, leaving it attached to the base of the tongue. 

To remove it entire with the larynx, the larynx is seized with 
vulsella and drawn upwards with a retractor to put the thyxo-hyoid 
membrane on the stretch. The thyro-hyoid ligament is then snipped 
through in the middle line with scissors beneath the body of the hyoid 
bone, and the larynx being drawn downwards and forwards the epi- 
glottis gradually comes into view through the thin hyo-epiglottic 
membrane. The mucous membrane is then cut on each side of the 
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epiglottis above the edge of the thyroid cartilage, and the epiglottis 
drawn out of the wound so that the entrance to the larynx is exposed. 
In this way no blood enters the larynx, and the view enables the 
operator to estimate how far the tumour lies below the entrance to the 
larynx. 

If necessary to maintain the airway, a cannula is passed between the 
cords, and the pharynx packed to prevent blood and saliva from 
running over the wound. 

A transverse incision is then made through the mucous membrane 
below the arytenoids down to the cricoid cartilage, placing the incision 
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growth (fig .068). Taking care not to buttonhole it, the mucous mem- 
brane is then dissected out of each fossa pyrifomiis ; this has already 
been done partially dunng the first stage of freeing the larynx. The 
mucous membrane is dissected off the back of the larynx by snipping 
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TJie packing in the pharynx is now removed and a No. 12 Jacques 
catheter passed through the mouth into the upper end of the oesophagus. 
The opening in the pharynx is then sutured with interrupted stitches 
of catgut." The sutures are inserted in a vertical row as high as possible 
and arc placed so as to invert the edges of the pharynx. The row is 
then continued on each side to attach the pharynx to the base of the 
tongue (fig. 26G9). The suture line is thus in the shape of Y with a long 
stein. The sutures between the base of the tongue and the pharynx 
are easily inserted with a lleverdin needle, but care should be taken 
not to perforate the pharynx with the needles. It is doubtful if any- 
thing is gained by inserting more than one row of sutures, hut the 



pharynx can be made watertight, which is important at this stage, even 
if it leaks temporarily later. 

(4) The next step is to amputate the larynx from the trachea and 
to attach the tracheal opening to the skin. 

Precaution must be taken that the cut end of the trachea does not 
sink into the depths of the wound. The first step is to pass short sutures 
of fishing-gut on curved needles through the lower edges of the trans- 
verse incision in the skin above the jugulum. The front of the trachea 
is then divided at the required level between two rings above the 
isthmus of the thyroid gland. The sutures are then passed round the 
upper ring so that the trachea is anchored firmly to the skin in front 
with two sutures on either side of the median line (see fig. 2670). If these 
stitches are not tied too tightly the ring does not necrose, and a ring 
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tod in this way keeps the tracheal opening patent, so that the patient 
need not necessarily weal a cannula permanently. If the cartilage 
necroses and prevents primary union between the trachea and the skin, 
a scar forms which is liable to cause contraction of the orifice unless 
it is kept permanently dilated. 

When the front of the trachea has thus been anchored to the skin, 
the posterior wall can be divided safely. When this is done two small 
vessels always bleed near the middle line on either side. These must 
be secured immediately and tied, to prevent blood from running into the 
trachea. The skin flap is then brought down and sutured accurately 
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to the sides and posterior wall of the trachea so that the orifice is 
surrounded by a complete collar of skin. 

(5) The sides of the wound are then partially closed and three long 
drainage-tubes fixed each side in order to drain the large space under 
the flap away from the tracheal opening (fig. 2671). The lowest of 
these on either side lies more comfortably if the lateral incisions are 
prolonged downwards for a short distance as already mentioned. If a 
median incision with transverse incisions at either end has been used, 
forming two rectangular flaps, drainage-tubes must be inserted at each 
comer of the transverse incisions, and it is wise to drain the space under 
the skin flap on either side by a stab wound near the anterior border 
of the stemo-mastoid. If this incision has to be employed it is scarcely 
possible to make the collar of skin encircling the trachea so perfect as 
by using the single flap. 

A suitable cannula must be left in the trachea and the whole wound 
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covered with a gauze dressing. The cannula of Moure, a modification 
of Lombard’s tube, is convenient as it has two shields, so that the 
outer shield prevents dressings from slipping over the orifice. Behind the 




Tf a preliminary low tracheotomy has been performed there need 
be very U modification in the operation The “ 

the skin is made above the tracheotomy and the cannula » left m place. 
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The cannula anchors the trachea and prevents it from slipping down 
when divided, but the presence of the tracheotomy makes a satisfactory 
union of the skin with the anterior part of the trachea difficult, and it 
is sometimes better to leave this part of the wound to heal by granu- 
lation. The posterior wall of the trachea and the skin flap must be 
accurately sutured. The end of the trachea can then be packed lightly 
and the tracheotomy tube withdrawn a few days later when union has 
begun It is then replaced by a Moure cannula as described. 

If a high tracheotomy has been performed the best plan is to use 
the median incision in the skin, but to divert it so as to surround the 
orifice holding the cannula (fig. 2673). The upper end of the trachea 



TMCHEOTOMY TUCI. 
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with the stoma is then excised in one piece together with the larynx (fig. 
2674). This is much the safest method as the growth often extends 
down close to the tracheotomy, and sometimes it is even found that 
the tracheotomy has been made through the lower ed*c of the 
growth. ~ 

If a preliminary tracheotomy has to be performed it should be a 
low one, and made through a transverse skin incision above the juguluiu 
after splitting the thyroid isthmus. This interferes least with the steps 
of the laryngectomy and is almost certain to be well below the 
tumour. 

Instead of the operation of removing the larynx from above down- 
wards, as described, some surgeons prefer to divide the trachea after 
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isolating the front and sides of the larynx and then to remove it from 
above upwards. It is claimed for tins method, which was described by 
Pcrier, that the trachea being opened at a relatively early stage it is 
easier to maintain the airway, but the advantage of the security from 
blood and secretion entering the air-passages is lost. In addition, the 
exact relation of the tumour to the entrance of the larynx cannot be 
seen and exactly defined. Maclvcnty modified it in the following way : 
Using a T-shapcd incision the larynx is exposed under local anaesthesia 
and the thyroid isthmus divided. The trachea is then cut across, a 
closely fitting tracheal extension tube is inserted, and the operation 
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lUuMum, SI George'* IIw/mIo!.) 

is continued under general anaesthesia administered through this tube. 
The larynx is next separated from below upwards without opening the 
pharynx, and then allowed to fall back into its original position. The 
pharynx is then opened through the thyro-hyoid membrane and 
the larynx removed from above downwards. The results obtained by 
Maclventy justified this method of operating, but it does not present 
any apparent advantage over the operation of Gluck. 

In the operation of Gluck : 

(1) The trachea is not divided until the end of the operation so 
that blood cannot enter the air-passage. 

(2) A good view of the upper aperture of the larynx and the extent 
of the growth is obtained before removal of the larynx is begun. 
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(3) The dissection of the larynx and, if necessary’, of the trachea from 
the oesophagus can be stopped at precisely the required level at the 
lower edge of the cricoid or lower, so that there is no unnecessary 
isolation of the end of the trachea, with risk of damaging its nutrition 
and causing necrosis. 

However carefully the wound has been protected and the pharynx 
sutured there is always the prospect that leakage from the pharynx 
mav cause wound infection. With the hope of avoiding complications, 
broil* ho-pneumonia and mediastinitis in particular, operations in two 
or more stages, including preliminary tracheotomy, have been devised. 
( rile advocated an operation in two stages to guard against these com- 
plications. The trachea and larynx were exposed and the neck packed 
with iodoform, gauze to produce a barrier of protective granulation 
tissue before the laryngectomy, and, in addition, preliminary tracheo- 
tomy was performed. More recently Gordon New has described an 
operation in several stages. 

First, by a median incision, the hyoid bone is divided and the larynx 
and upper trachea are isolated anteriorly and laterally. At the next 
stage, a tracheotomy is performed or part of the cricoid is removed. 
Four days after this, the larynx is removed from below upwards. In 
forty-two cases there were only three deaths, but this complicated 
techhique presents no apparent advantage and the selection of cases 
must be restricted. 


The patient should sit up in bed as soon as possible. In this posi- 
tion respiration is hampered least, cough is most effective in expelling 
secretion, and the best protection against respiratory infection is afforded. 
Two nun*s are required so that the patient is never left alone during 
the first week. The surgeon who attends to the dressing of the wound 
himself twice a day will obtain the best results, as the dressings must 
be arranged so that no secretions enter the trachea and drainage of the 
for remn • ^ su ^t*on apparatus, not too powerful, is useful 
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drainage-tubes therefore needs frequent changing, which can be done 
without disturbing the cannula and its separate dressing. The tapes 
should be attached to the posterior shield of the cannula. The sloughs 
separate from the tenth to the fourteenth day, and after that the wound 
soon heals and the patient can swallow without leakage. Syring- 
ing or irrigating the wound serves no useful purpose and is liable to 
make the patient cough. When no leakage occurs from the pharynx, 
the patient can with safety be allowed to swallow on the tenth day and 
sometimes even sooner. If the stitches fixing the drainage-tubes cut 
out, the tubes can be kept in position by transfixing them with safety- 
pins through which a tape is passed and tied not too tightly round the 
neck. During the dressing the patient should sit up in bed, or on the 
edge of the bed with the shoulders leaning forward so that nothing runs 
into the trachea. 

The usual practice is to feed the patient with a long rubber tube 
passed through the wider side of the nose down the oesophagus. A 
catheter passed through the mouth and left in place for twenty-four 
hours serves equally well. At the end of that time it is withdrawn and 
passed for each feed. This is nearly always well tolerated and the 
catheter is not liable to be coughed out. It also saves the patient from 
the discomfort of a foreign body in the nose and pharynx. In a few 
patients in whom the pharynx is very irritable the passage of the 
tube through the throat is not tolerated and the nasal feeding tube is 
required. 

The food must be given in liquid form. During the day the patient 
receives two main feeds, each consisting of fifteen ouuces of chicken 
soup or beef tea, to which is added two ounces of green vegetable puree, 
two ounces of potato puree and a beaten egg. This is followed by four 
ounces of fruit juice {plum, grape-fruit, grape or currant) with two ounces 
of cream. Orange juice docs not mix well with cream. Water follows 
this. In the morning the patient receives a pint of coffee and milk in 
equal parts, and in the afternoon a pint of tea with milk and sugar. 
In the evening a pint of Benger’s food made with milk and added 
cream is given, and during the night a pint of orange juice and water. 
The patient should receive at least a quart of water in every twenty- 
four hours. Even so the patients usually lose several pounds in weight 
before they are able to eat again in the ordinary way, but overfeeding 
causes indigestion and defeats its own object. Brandy or whisky is 
necessary for some patients, and if laxatives are required liquid extract 
of cascara or magnesium sulphate in water can be given through the 
tube. 
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The complications most to be feared are broncho-pneumonia, 
wound infection leading to septiccemia, and secondary haemorrhage 
from sloughing. The best protection against these complications lies 
in careful preparation of the patient, complete arrest of hamiorrhage 
from the smallest bleeding point, complete closure of the pharynx, 
proper drainage of the wound, and vigilance in protection of the trachea 
during and after the operation. Although it is impossible to exclude 
the iifk of pneumonia, usually septic broncho-pneumonia, this is much 
le'.s > ommon now owing to the precautions taken against inhalation of 
blood and discharges. Leakage from the pharynx, with wound infec- 
tion and sloughing in consequence, is common, but an overwhelming 
streptococcal septicaemia is rare if the teeth have received proper 
attention. Mediastmitis is rare, and inevitably fatal. The operation 
of Crile was devised to prevent it. but free drainage and careful suturing 
seem to be far more effective. In one patient, who bad been treated 
previously by X-rays, suppuration in the right sterno-clavicular joint 
ensued. The prominent symptom was pain at the point of the shoulder 
on moving the arm. This suppurative arthritis disorganised the joint, 
but the patient recovered after resection of the inner end of the 
clavicle, the side of the manubrium, and part of the first rib with its 
cartilage. 


• D “P ® lou 8 bul ? “»>• ‘he cause of secondary hemorrhage which 
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membrane is then dissected up and sutured over the tube with the edges 
inverted. Catgut stitches which do not perforate should be used. The 
raw surface is then covered with a skin flap, taking care that its blood 
supply is intact, that it can be stitched in place without tension, and 
that the deep and superficial lines of sutures are not superimposed. 
No raw surface should bo left exposed. It is very rarely necessary to 
bring skin flaps from a distance by a tube pedicle graft, though it 
is occasionally necessary after irradiation in order to obtain undamaged 
skin. 

Irritation of the vagus or of the cut ends of the superior laryngeal 
nerves sometimes causes reflex effects and rapid pulse. Persistent 
hiccough is also occasionally caused by irritation of the phrenic. In 
cases of tachycardia after the operation the administration of digitalis 
and ammonium bromide appears to have good effect. 

Severe bleeding from the stomach and intestine after operating on 
the pharynx and larynx was described by von Eiselsberg, and is men- 
tioned also by Gluck and Socrensen. This happened twice in patients 
in the series upon which this description is based, once after a lateral 
pharyngotomy and once after laryngo-fissurc. There was no hcemate- 
mesis, but the meltcna was so severe that blood-transfusion was neces- 
sary, and the first patient, a man aged seventy-eight, would certainly 
have succumbed without this treatment. He made good recovery and 
remains well without recurrence for more than a year. 

A complication which can be very troublesome is tracheitis sicca 
from the formation of crusts of dried secretion in the trachea. The 
formation of these crusts can be so abundant that the trachea becomes 
obstructed and it is necessary to remove them by the help of forceps 
and gentle suction. Even the use of a bronchoscope may be necessary. 
This condition usually does not last long and is best treated by oily 
applications to the trachea. 

There is no direct evidence that these patients are especially liable 
to pulmonary disorders later, though Moure noted that out of 13 
patients who remained free from recurrence 4 succumbed ultimately 
to broncho-pneumonia. It is generally found that the patients are 
remarkably free from coryza, due probably to the abolition of nasal 
respiration, which also causes degeneration of the olfactory epithelium. 
Heindl found that this had occurred in every one of 6 patients who 
died at periods of 9 to 17 months after total laryngectomy. Ullmann 
found that the sense of smell was lost in 50 cases tested. 
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SPEECH AFTER LARYNGECTOMY 

All patients deprived of the laryngeal voice at once endeavour to 
replace it by gestures and clapping their hands to call attention. 
They also endeavour to speak, but articulation without the vowel 
sounds produced by plionation is scarcely intelligible, so that this kind 
of whispered speech is not of much value. 

A proportion of patients, however, learn to phonate in a way which 
enables them to articulate in a loud and distinct though rather croaking 
voice. They produce a few syllables consecutively, then close the 
mouth, and make a movement of swallowing and proceed again, but 
with practice speech becomes smoother and continuous. Burger has 
made an elaborate study of the manner in which this voice is produced 
upon a patient who was cured of a basal-celled carcinoma by laryngec- 
tomy. The speech of this patient was not monotonous, he was able to 
sing, to speak on the telephone, to whisper, and to gargle, and he retained 
the senses of smell and taste. The cardia opened during speech and 
the positive expiratory pressure in the lungs expelled air from the 
oesophagus through a pseudo-glottis which formed at the mouth of the 
oesophagus. In this patient the stomach as weU as the oesophagus took 
part m the function of forming an air chamber, and he was able to 
speak more easily after dinner because the bubble of air in the stomach 
is tlien larger. In order to force the air upwards the abdominal as well as 
the thoracic muscles must then be brought into action. In order to pro- 
uce speech in this way the two essentials are the production of a 
pseudo-glottis and the formation of an air chamber in the oesophagus, 
or m the stomach and oesophagus. 

Jt- ““ °. bserved personally, the pseudo-glottis was formed by 
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A determined and prolonged effort is required on the part of the 
patient in order to train himself in this way, and it is usually the 
younger patients or those in early middle age who succeed in acquiring 
this accomplishment. The normal association of respiration with 
speech may after a long period become dissociated, in the same way 
that a patient without a larynx can swallow a long drink without the 
necessity of stopping to draw breath. 

Patients who cannot learn to speak in this way nearly always learn 
to use an artificial larynx effectively. It was formerly difficult to per- 



suade many patients to use these instruments, which are activated by 
the normal current of expired air, because they were apt to work inter- 
mittently and with uncertainty, and even so produced an unnatural 
reedy monotonous voice, which required some effort to produce. 
Many such instruments were invented and the most practical was 
designed by Gluck. 

The Western Electric Company, after much experiment and 
research, have now improved this model so much that the artificial 
voice can be produced with no more than the normal effort, and the 
instrument is no longer an ingenious toy but affords a practical and 
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SPEECH AFTER LARYNGECTOMY 

Ail patients deprived of the laryngeal voice at once endeavour to 
replace it by gestures and clapping their hands to call attention. 
They also endeavour to speak, but articulation until out the vowel 
sounds produced by phonation is scarcely intelligible, so that this kind 
of whispered speech is not of much value. 

A proportion of patients, however, learn to phonate in a way which 
enables them, to articulate in a loud and distinct though rather croaking 
voice. They produce a tew syllables consecutively, then close the 
mouth, and make a movement of swallowing and proceed again, hut 
with practice speech becomes smoother and continuous. Burger has 
made an elaborate study of the manner in which this voice is produced 
upon a patient who was cured of a basal-ccllcd carcinoma by laryngec- 
tomy. The speech of this patient was not monotonous, he was able to 
sing, to speak on the telephone, to whisper, and to gargle, and lie retained 
the senses of smell and taste. The cardia opened during speech and 
the positive expiratory piessure in the lungs expelled air from the 
oesophagus through a pseudo-glottis which formed at the mouth of the 
oesophagus. In this patient the stomach as well as the oesophagus took 
part m the function of forming an air chamber, and lie was able to 
speak more easily after dinner because the bubble of air in the stomach 
is then larger. In order to force the air upwards the abdominal as well as 
the thoracic muscles must then be brought into action. In order to pro- 
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A determined and prolonged effort is required on the part of the 
patient in order to train himself in this way, and it is usually the 
younger patients or those in early middle age who succeed in acquiring 
this accomplishment. The normal association of respiration with 
speech may after a long period become dissociated, in the Bame way 
that a patient without a larynx can swallow a long drink without the 
necessity of stopping to draw breath. 

Patients who cannot learn to speak in this way nearly always learn 
to use an artificial larynx effectively. It was formerly difficult to per- 
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suade many patients to use these instruments, which are activated by 
the normal current of expired air, because they were apt to work inter- 
mittently and with uncertainty, and even so produced an unnatural 
reedy monotonous voice, which required some effort to produce. 
Many such instruments were invented and the most practical was 
designed by Gluck. 

The Western Electric Company, after much experiment and 
research, have cow improved this model so much that the artificial 
voice can be produced with no more than the normal effort, and the 
instrument is no longer an ingenious toy but affords a practical and 
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simple means of surmounting the chief disadvantage of the operation. 
Pull instructions for use and care arc supplied with the instrument, 
which can either be strapped over the tracheal opening by means of a 
pad or attached to a cannula worn in the trachea. The latter method 
is generally preferable. The description supplied by the Western 
Electric Company is as follows r 

The No. 2A Artificial Larynx is designed for use by men. The No. 2B Artificial 
Larynx has a higher pitch than the No. 2A and is particularly designed for " omen. 
This instrum en t consists essentially of a flexible non-corrosive metal reed which is 
placed in juxtaposition to a rubber member inside a brass sound box, a mouth- 
piece which fits in the metal stem at the top of the sound box, and a flexible con- 
nection which is strapped over the trachea opening. 

AVhen this apparatus is being used for speaking, the air is inhaled through the 
hole in the side of the sound box and passes through the metal tube in the bottom 
of the sound box, down through the rubber connecting tube, and through the 
trachea connection into the respiratory organs. The air when exhaled tends to 
pass out the way it entered, but if the hole in the side of the sound box is closed by 
finger or thumb, it is forced out around the reed. This causes the reed to vibrate 
and to produce the sound, which passes out through the stem in the top of the sound 
box and the rubber niouth-piece into the moutb to be con\erted into speech. 

In cases where the user wears a tracheotomy tube or tracheotomy cannula, 
it will be necessary to have a short silver tube made, one end to fit inside the 
tracheotomy tube or tracheotomy cannula, or the present inner tube of the cannula 
should be extended so as to fit inside the ferrule in the end of the rubber tube 
connected to the Artificial Larynx. This condition will eliminate the rubber pad 
and trachea connection. The user can have such a piece made by a silver-metal 
worker The end of the tubing which fits into the ferrule should have an outside 
diameter of half an inch. 

A beautifully finished model designed on similar principles is 
also made for the Mayo Clinic by the Central Scientific Company of 
Chicago. 


REFERENCES : 

Bergiunx, E. vox. System of Practical Surgery, II, 288-291. 

Burger, H , and Kaiser, L. Acta Otolaryngolog , VIII, 90. 

Coutard, H , et Vaxat, A. .Inn. des Mai de V Oreille, Mai, 1927, VT.vr 409. 
Denser, A. Zemdirfl fur Uah-Xaten-OhrenheilkunJe, 1928, Band 21. 

Fioi, F. A., and New, G. B. Archie, of Otolaryngol., 1929, IX, 387. ” 

Garel. Ann. des Mai. de V Oreille, 1903, XXIX, 377. 

Lexlaitre, Atjbjx et Vesselle. Jnn. des Mai. de l' Oreille, 1930, XLIX, 518. 
Macke ntt, J. E. Annals of Otology, 1925, XXXIII, 507. 

Maxwell, J., and Hogg, J. C. lancet, 1933, 1, 1061. 

New, G. B., and Fletcher, E. J.A.M.A., 1932, XCX, 1751. 


4005 


PHARYNX AND LARYNX 

New, Gordon B. Surgery, Gynaxology, and Olnlclrics, Dec. 1928, 820. 

Oiikgrex, G. Acla Otolaryngol,, 1933, XIX, 452. 

Ombredaxne, Marcel. “ Traitcmont du Cancer Endolaryngee,” L’H eunla ryngcdomie 
Technique, A. HauUnt, Masson et Cie, Paris, 1930. 

SoEREXSEX, J. Die Mund und Ilahopcrutioncn, Urban und Schwarzenberg, Berlin, 
1930. 

Tafia, A. G. Reiisla Esy-auola y Americana de Laringol . , 1930, XXXI, 289. 
Thomson, St. Clair, and Colledgc, Lionel. Cancer of the Larunx, London, Kegan 
Paul, 1930. 

Trotter, W. Journ. Larynyol., 1923, XL, 799. 

Turner, A. Loqan. Journ. LaryngcA ., 1920, XXXV, 31. 



CHAPTER VI 


Pathology and Surgery of Cancer of the Laryngo-Pharynx 
and the Hypo-Pharynx 

Tumours included in these groups arise on the epiglottis and ary- 
epiglottic folds, for which the name epilaryngeal tumours (Trotter) is 
appropriate, on the lateral wall of the pharynx opposite the arytenoid 
with spread towards the aperture of the larynx, and in the hypo- 
pharynx, in the fossa pyriformis and in the lowest part of the pharynx 
behind the cricoid. There are also a few cases, mostly women, in 
which the tumour arises on the posterior wall of the pharynx opposite 
the epiglottis. 

The great majority of these tumours are squamous-celled epitheli- 
omata of various grading, but on the epiglottis basal-cclled carcinoma 
is sometimes encountered, and on the aryepiglottic fold papillary 
carcinoma may be found. It is this group of epilaryngeal tumours 
and tumours of the fossa pyriformis which are generally described as 
extrinsic carcinomata of the larynx. 

The aetiology has already been discussed and contrasted with that 
of the intrinsic tumours. 

In all the situations mentioned the first symptom is usually merely 
a vague discomfort, difficulty in clearing the throat, and slowly increas- 
mg dysphagia. Deglutition is more affected than phonation. In some 
patients pain in the ear may be the only symptom for weeks or even 
months, and in many there may be no local symptoms at all in the 
earlier stages. Attention is first attracted by an enlarged gland in the 
neck, and even on examination the site of the primary tumour may be 
difficult to discover. 

Epithelioma of the epiglottis in its early stage is relatively benign, 
especially if it starts on the edge at a distance from both the tongue 
and the larynx. This is the only occasion when biopsy is justifiable in 
order to confirm the diagnosis in a tumour of the pharynx, and it can 
be done without danger of dissemination. It then has but little ten- 
dency to lymphatic extension to the cervical glands, and removal by 
pharyngotomy gives a good prospect of permanent cure. Unfortunately 



4907 


PHARYNX AND LARYNX 

the symptoms produced at this stage are slight, so that it is not often 
that the opportunity for early treatment occurs. More frequently 
cases are seen when the tumour has extended downwards towards or 
into the larynx, or laterally along one or other of the arycpiglottie 
folds. In the latter the tumour may be removed by lateral pharyngo- 
tomy after a dissection of the cervical glands, but if the tumour has 
descended on the laryngeal surface of the epiglottis into its base and 
into the laryngeal aperture a total laryngectomy is required. 

It not infrequently happens also that the lingual surface of the epi- 
glottis is the site of an epithelioma, but this is usually by the extension 
of a tumour originating in the vallecula. In this case there is generally a 
deep ulcer immediately in front of the epiglottis, and the tumour has 
reached the stage of spreading to the muscular structure of the tongue. 
Trotter has recommended that such tumours, if seen at an early stage, 
should be excised by splitting the lip, the mandible and the tongue in 
the middle line and removing the body of the hyoid bone. .Vs soon as 
the neighbourhood of the tumour is approached the incision is diverted 
to either side to enclose it. To be suitable for treatment by such means 
the tumour must still be in the early stage, and localised to the mucous 
membrane without infiltration of the muscles of the tongue, so that 
the field for this operation is restricted. The operation also has the 
disadvantage that the complication of division of the mandible is 
introduced, but it is comparatively bloodless and keeps the glandular 
field quite separate from the wound in the pharynx. 

A carcinoma arising on the ary epiglottic fold may take the charac- 
teristic form of an ulcer with a raised everted edge, but it may also 
appear as a large tumour with a tendency to be pedunculated. In this 
case the effect of muffling the voice is a pronounced feature and there 
may be choking attacks. Although the tumour may appear formidable 
at first sight, closer examination may show that the arytenoid cartilage 
is still moving, proving that there is little infiltration at the base of the 
pedicle and that such a tumour offers a favourable opportunity for 
removal by lateral pliaryngotomy. The lymphatic drainage from this 
region is free, and therefore invasion of the cervical glands must be 
assumed in every case. 

A common site of origin of epithelioma in this region is on the lateral 
wall of the pharynx at the level of the arytenoid cartilage. If the tumour 
overhangs the entrance to the larynx at all it may be difficult to dis- 
tinguish from one which arises on the aryepiglottic fold, but it is 
possible to do so by a siring the patient to phonate forcibly which will 
show that the fold is clear and that the arytenoid cartilage moves 
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freely. The distinction is important because such a tumour can be 
removed by pharyngotomy, with sufficient sacrifice of the lateral wall of 
the pharynx without encroaching upon the larynx, though extension 
to the aryepiglottic fold takes place as the growth advances. 

The most formidable of the tumours which arise in this region is 
the epithelioma which originates without symptoms in the fossa pyri- 
formis, and is often first indicated by a mass of glands in the neck. 
Growing in this recess under cover of the thyroid ala the tumour soon 
attacks and infiltrates the lateral wall of the larynx, on its outer side 
invading the ala and spreading in the perichondrium, and on its inner 
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side involving the cricoid and intrinsic laryngeal muscles so that the 
corresponding vocal cord becomes fined. 

The site of origin in the depths of the sinus pyriforinis (fig. 2076) 
and he absence ortrivial character of early symptoms almost invariably 
preclude the diagnosis of an epithelioma in this situation at an early 
stage Some discomfort or difficulty in' swallowing is usually the 
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early stage, but later oedema of the aryepiglottic fold above the 
entrance to the sinus pyrifonnis and fixation of the corresponding vocal 
cord are evident. A sign which is important is a persistent accumulation 
of secretion at the entrance to the sinus. A further extension of the 
growth upwards may enable the observer to see the upper edge of the 
growth when the entrance to the pyriform fossa is opened by a forcible 
effort of phonation. 

External examination of the neck frequently reveals widening of 
the larynx, showing that the ala of the thyroid has been attacked. 
There are thus four possible signs of the presence of the growth, and as 
a fifth its edge may be visible on careful search. 

The only difficulty in diagnosis is presented by syphilis and possibly 
by a foreign body, but the history and appearances are usually so 
characteristic that no mistake should be made. Biopsy is unnecessary 
and unjustifiable, though it is usually undertaken as a preliminary to 
radiation. 

The treatment of this variety of tumour is discouraging. Soerensen 
has stated that, although in former years a small percentage of cases 
submitted to laryngectomy gave a good result, the results have been 
so poor in recent years that lie has been inclined to abandon operation 
on this class of case. Ducuing has stated the position as follows : 

“Deaths during the operation, post-operative pneumonia, 
cellulitis of the neck and mediastinum, violent secondary hemo- 
rrhage, and recurrence at a distance from the original tumour, even 
when it had been properly excised, were the cause of cruel and dis- 
couraging failure for surgeons of a former day. The appearance of 
physical methods of treatment was hailed with joy, and those who 
had to admit the futility of surgical interventions, of pharyngec- 
tomies or pharyngotomies whether median or lateral, high or low, 
foresaw the great advantages which it was reasonable to expect 
from using physical methods alone or in combination with, surgery. 
X-rays, radium, and electro-coagulation thus became associated 
with surgical treatment. Unfortunately the perilous situation of 
the tumour, the lack of early diagnosis, and the almost invariable 
presence of lymphatic extension, always form an unfavourable 
combination, in. the face of which we are almost as impotent as our 
forerunners.” 

This dreadful picture is only too near the truth, but it is unneces- 
sarily gloomy, because some patients can be saved by excision of the 
larynx with a sufficient area of the pharynx ; but the operation must 



49X0 


POST-GRADUATE SURGERY 


be undertaken before the growth has perforated the wall of the 
pharynx and reached the planes of the neck. 

The operation should be planned as follows : 

The incision for the laryngectomy should be in the median line with 
transverse incisions at either extremity, but on the side of the tumour 
the upper transverse incision should be prolonged outwards and up- 
wards towards the ear, so that a large skin flap is turned back. The 
jugular vein is then resected and the neck cleared of glands. The great 
cornu of the hyoid bone is then removed to give free access to the 
pharynx, and the larynx is excised with a wide area of pharynx around 
the tumour. No attempt is made to close the pharynx completely, 
but the edges are stitched to the edges of the skin flaps, so that no raw 
surface is left uncovered and the patient is left with a pharyngostome 
which is closed later by a plastic operation. Two patients operated 
upon in this way by the writer live in comfort and are actively engaged 
in business after seven years. 

An alternative method of treatment is to clear the neck of glands 
and then to treat the tumour with deep X-rays, but radiation alone 
or radiation after the tumour has attacked the laryngeal cartilages is 
useless. If more advanced growths are submitted to operation, the 
larynx with a complete segment of the pharynx must be removed. 
This operation, which was planned and practised by Gluck, aud is 
required also for the more advanced cases of post-cricoid carcinoma, 
Iea^s the patient with the skin flaps attached to the pharynx above 
and to the (Esophagus and trachea below. 


The posterior wall of the pharynx is thus formed by the skin flaps, 
and the anterior wall must he reconstructed later by a plastic operation. 
In a few cases a palliative gastrostomy (see Vol. I, page 447) or 
tracheotomy is indicated at a late stage. 

Carcinoma in the post-cricoid area, unlike carcinoma elsewhere in 
e p rynx an larynx, is much commoner in women than in men, as 
already mentioned (see page 4855), and in its typical manifestation 
al “ 10 . St 4 exclus, '' el y m young and middle-aged women. It is not 
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the pharynx, cracks and fissures at the angles of the mouth, anaemia of 
secondary type, and dysphagia, sometimes develop this form of cancer. 
These women arc often very small, and examination of the gullet shows 
it not only to be small and dry, but sometimes to be partially closed at 
its entrance bj* a web in the post-cricoid region. Definite symptoms 
are sometimes of sudden onset. 

Ono lady had had difficulty in swallowing all her life, but she came late one 
evening after dinner because, as she believed; a piece of bare had stuck in her throat. 
Examination showed no abnormality, but a small cesopbagoscopo was held up by 
a post-cricoid carcinoma. Operation a few days later show ed that the tumour bad 
already extended into the thyroid gland and bad become widely diffused in the 
muscular coat of the oesophagus. 

The tumour usually starts as a flat plaque on the anterior wall of 
the pharynx opposite the plate of the cricoid. It tends to spread both 
upwards and downwards from this site, but more downwards, and 
as it does so it gradually encircles the pharynx and upper end of the 
msophagus, so that it comes to resemble the cricoid cartilage in shape. 
This extension downwards has a tendency also to perforate the thin 
wall of the pharynx laterally so that the lateral lobe of the thyroid 
gland is invaded at its posterior edge, and this extension is constantly 
seen in cases which are at all advanced. 

As a rule, examination with the mirror shows nothing abnormal, 
but, as the tumour extends upwards, the mucous membrane covering 
the arytenoids and cartilages of Santorini becomes purple and oedema- 
tous at the posterior margin of the larynx, and later the upper edge of 
the epithelioma is visible. Examination with a small cesophagoseope 
is of great importance, but it must be done most gently and no attempt 
should be made to force the beak of the instrument past the growth in 
order to estimate its length, as this can only cause bleeding and damage. 
For the same reasons and because of the danger of causing dis- 
semination, no biopsy should be performed. 

It is, however, at times difficult to distinguish a simple erosion from 
an early carcinoma. On two occasions in women affected with the 
Plummer- Vinson syndrome supposed carcinoma proved at operation to 
be simple erosion. The implantation of a skin flap, however, gave 
relief from dysphagia to each case which would otherwise have called for 
gastrostomy. Dysphagia is for a long time the only symptom and the 
tumour is freely movable on the back of the larynx, but when the base 
of the tumour invades the crico-arytenoideus posticus muscles double 
abductor paralysis of the cords supervenes, and dyspncea becomes added 
to dysphagia, though there is often no change in the voice. 
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The growth progresses so slowly that the dysphagia is tolerated 
until a high degree of stenosis is produced, so that severe dysphagia 
always indicates that the disease has extended far down the oesophagus 
and is quite inoperable. 

The cervical lymphatic glands which usually show enlargement are 
those which form the second group of deep jugular glands high under 
the stemo-mastoid, so that an enlargement appears high up below the 
ear rather than in the usual primary situation in the neck at the point 
where the common facial vein joins the internal jugular. In conse- 
quence of the situation of the tumour and of the free lymphatic drainage 
from this part of the pharynx, any attempt at radical excision must 
take into account the necessity for a bilateral operation on the glands. 
Severe dysphagia, indicating a long stricture of the lower pharynx and 
upper oesophagus, or anything more than moderate enlargement of the 
cervical glands, especially if bilateral, precludes any hope of successful 
operative treatment. 

In a few early cases without palpable glandular enlargement, lateral 
pharyngotomy can give a satisfactory result. The operation must be 
modified by first performing tracheotomy through a transverse incision, 
after which a flap is cut from the front of the neck with its base over 
the anterior edge of the sterno-mastoid of the affected side. The neck 
is then cleared of glands on that side without resecting the stemo- 
mastoid, and the pharynx is opened above the tumour after removing 
the posterior edge of the thyroid ala, but not necessarily dividing the 
superior laryngeal nerve nor removing the great cornu of the hyoid 
one The pharynx is divided below and behind the arytenoids, and a 
complete segment containing the tumour is dissected off the back of 
the larynx and resected. The flap of skin is then turned into the 
wound and its upper and lower edges are stitched to the cut edges 
ot the pharynx above and the oesophagus below, so that aU raw 
surfaces are covered and the patient is left with a deep open gutter 

cWtlT n ^ tie larynx ' TIli3 gutter is transformed into a 
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Unfortunately, even if the operations can be undertaken successfully 
without local recurrence, the patients are likely to succumb within two 
to four years from deposits in the mediastinal glands. 

As palliative operations, gastrostomy for the relief of dysphagia, or 
tracheotomy for the relief of dyspnoea caused by bilateral abductor 
paralysis of the cord, may be required. 

A great variety of technical methods have been proposed to expose 
the entrance to the larynx by pharyngotoiny. Thus the approach 
may be through a transverse, a median longitudinal, or a lateral 
incision, or a combination of two of these, and again it may be supra- 
hyoid, trans-hyoid, or sub-hyoid. It is unnecessary to go into the his- 
tory of these operations further than to say that at least nine different 
routes have been designed and put into practice. Of all these the two 
which have been found eventually to give satisfaction are sub-hyoid 
pharyngotoiny and lateral pharyngotoiny by the method described by 
Trotter. 

It is necessary, however, to discuss first what may he expected from 
the operation of pharyngotoiny and to define the objective to be 
attained when the operation is undertaken for the treatment of various 
conditions. 

Whichever route is adopted, the operation consists of a first stage 
in which the pharynx is laid open in order to expose the tumour ; a 
second stage in which the tumour is excised with a surrounding margin 
of sound tissue in accordance with its individual situation, character 
and extent, and a third stage in which the wound is repaired according 
to the requirement of the case. 

Thus in the simplest example of a tumour which does not encroach 
upon the lateral wall of the pharynx, for instance a tumour upon the 
tip of the epiglottis, or a small epithelioma upon an aryepiglottic fold, 
the pharynx is laid open either by sub-hyoid or lateral pharyngotoiny 
and the tumour exposed. The wound made by excising the tumour 
would then be quite separate from the wound made for its exposure 
and would be repaired quite separately. 

There is a difference when the tumour lies either wholly or in 
part upon the lateral w r all of the pharynx, because in the stage of 
excision part of this wall must be removed, and consequently the 
incision which opens the pharynx must be so placed that it can be 
used also as part of the incision with which the tumour is to be extir- 
pated after it has been fully exposed. The two stages of the operation 
are thus not definitely separate from one another. Lateral pharyngo- 
tomy alone could fulfil the demands in this case, but there is the 
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further requirement that, if any appreciable area of the pharynx i3 
excised, a s kin flap of sufficient area to replace it and cover any raw- 
surface must be turned into the wound. 

The difficulty in combating -ep^is arising from the pharynx presents 
itself here in a form similar to but even more formidable than in the 


case of total laryngertoniv The <-ame precautions must be taken 
against it, by strict attent.on to the mouth — if possible by making the 
patient edentulous and allowing ample time for the gums to heaL It 
is more formidable here howtver because the entrance to the larynx 
is left open and in communication with the pharynx, wliilst in excision 
of the larynx, as Gluck showed, one factor of safety lies in the complete 
separation of the air- pa? -a sc from the pharynx, and the danger of 
pneumonia from inhalation i> diminished. For this reason it is prefer- 
able not to employ sub-hyoid pharyngotomy, but to use lateral pharyng- 
otomy in all cases, and to stitch the edges of the pharyngeal wound to 
the skin in all cases, so that the pharynx lies partially open. 

Trotter has shown that, in the simple form of the operation where 
the pharyngotomy can be closed if the wound of excision be obliterated 


with mattTess sutures, it is technically possible to obtain healing with- 
out leakage from the pharvnx. or with leakage so slight that the pharynx 
closes without a plastic operation. 

If the pharynx is stitched to the skin in all cases, it is easy to cover 
all raw surfaces so that wound infection is but slight or is entirely 
avoided, and the free drainage of the mouth and pharynx through the 
opening in the neck to the exterior protects the larynx against inhala- 
tion of mucus and discharges. A plastic operation is required to close 
this opening when healing is complete, but the additional safety and 
the ease with which the enormous wound in the neck is covered and 
protected from infection, as well as the freedom from respiratory 
complications compensate for the longer convalescence 


SUB-HYOID PHARYNGOTOMY 
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lxyoid bone, dividing skin, fascia and platysma. Subcutaneous veins 
which cross tlie lino of the incision are divided between two ligatures. 
The hyoid branch of the superior thyroid artery is ligatured if necessary. 
The hyoid branch of the lingual is not encountered as it runs along the 
upper border of the bone. The pre-laryngeal muscles attached to the 
lower border of the hyoid bone, the sterno-hyoid, thyro-hyoid and omo- 
hyoid, are divided close to the hyoid bone with care, because they must 
be sutured at the end of the operation (fig. 2G77). 

The space between the hyoid bone and the upper border of the 
thyroid cartilage is thus exposed. In the centre lies the thick, firm 
median thyro-hyoid ligament which extends laterally on either side 
into the thin thyro-hyoid membrane. Further out still it thickens into 
the lateral thyro-hyoid ligaments which connect the tip of the superior 
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cornu of the thyroid cartilage to the tubercle of the great cornu of the 
hyoid bone. The superior laryngeal nerve and vessels perforate the 
thyro-hyoid membrane near its attachment to the thyroid cartilage to 
reach the interior of the larynx. Damage to the nerve, which causes 
loss of reflex closure of the glottis, can be avoided by cutting through 
the median thyro-hyoid ligament only. If the incision must be widened 
further, the thyro-hyoid membrane must be divided above close to the 
hyoid bone, thus avoiding the bundle of vessels and the nerve. In any 
case the nerve must be spared on one side at least. The level at which 
the thyro-hyoid ligament is divided depends upon whether the pharynx 
is to be opened between the tongue and the epiglottis, or whether the 
epiglottis is to be cut away from the larynx and left attached to the 
tongue. 

If an incision is made transversely between the hyoid bone and the 
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thyroid cartilage, the incision passes through the base of the epiglottis, 
and the upper part is left attached to the tongue. Tills manoeuvre 
would be indicated where the intention is to resect the base of the 
tongue along with the epiglottis for a tumour on its lingual surface. 
If it is intended to open the pharynx between the base of the tongue 
and the anterior surface of the epiglottis, the tbyro- hyoid ligament must 
be cut away from the hyoid bone by drawing it upwards and cutting 
directly upwards behind it with knife or scissors. The tip of the epi- 
glottis can then be seen through the thin hyo-epiglottic membrane, 
which is divided, and the tip of the epiglottis can be seized and drawn 
out of the wound (see fig. 2078). The tumour is excised through the 
exposure thus obtained. The wound is then closed in layers. 

This method has the advantage that if an operation for removal of 
lymphatic glands is required, it is done through a separate clean wound 
in the neck on a subsequent occasion. 



CHAPTER VII 


Lateral Pjuryxcotomy 

Ik lateral pharyngotomy a much wider approach to the entrance of 
the larynx is obtained. Just as the mandible dominates the approach 
to the side of the pharynx above, so the hyoid bone dominates it below, 
and Trotter lias devised a form of lateral pharyngotomy* in which free 
access to the side of the pharynx is obtained by removing the great 
cornu of the hyoid bone and the ala of the thyroid cartilage. Removal of 
glands is combined with the pharyngotomy and excision of the tumour. 

The lines of the incision in the neck should be infiltrated with 
novocainc, as this diminishes the amount of chloroform required. 

The first step in the operation is tracheotomy. This should be douo 
under local anaesthesia with 2 per cent novocainc, whereby the period 
of general anaesthesia is shortened and any risk of respiratory obstruc- 
tion, however brief, is avoided. Respiratory obstruction is the most 
important factor in producing bronchitis or broncho-pneumonia 
because it induces aspiration of infective secretions. The thyroid 
isthmus is divided, an opening to fit the tracheotomy be is cut in the 
front of the trachea as already described for the operation of laryngo- 
fissure, and a long Durham tube is inserted. Chloroform is then 
administered through the tracheotomy tube with perfect safety. 

A curved incision is made in the fold of the neck from a point mid- 
way between the point of the chin and the body of the hyoid bone, 
backwards over the sterno-mastoid to end below the ear. From the 
convexity of this incision another is made along the anterior border of 
the stemo-mastoid almost to the sterno-clavicular joint. The skin 
flaps thus marked out are dissected up and held aside with Lane 
forceps. The deep cervical fascia is then divided along the borders of 
the area exposed. The sterno-mastoid is divided near its lower attach- 
ment, and the internal jugular vein is ligatured and divided. The 
whole mass, including fat, lymphatic glands and muscle, is then dis- 
sected off the carotid artery up to the horizontal ramus of the jaw (see 
fig. 2679). The mass includes the submaxillary gland, so that the facial 
artery must be tied and divided, both where it enters the gland and 
also as it turns over the mandible in front of the massetcr. Some facial 
4917 
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veins require to be ligatured here also. The mass of tissue is then turned 
backwards, taking care to preserve the hypoglossal nerve, and it is 
usually better to isolate it by dividing the occipital artery. The upper 
end of the jugular vein is then exposed, separated from the internal 
carotid artery, and ligatured near the base of the skull (fig. 2G80). The 
whole mass is then removed by cutting across the stemo-mastoid at its 
origin and removing the lower pole of the parotid gland. In this way 
all lymphatic glands are removed from the submental, submaxillary 
and deep cervical regions. The external carotid should not be tied, 
but the branches should be secured as far as possible from the main 
trunk, to minimise the risk of secondary hemorrhage. The loss of the 



stemo-mastoid causes but slight functional impairment and its absence 
prevents pockets forming m the wound during healing. The wound is 
then packed o2 and the phaiyngotomy undertaken. 

The inferior constrictor and stylo-pharyngeus are divided and 
detached from the thyroid cartilage, and the great cornu of the hyoid 
bone is freed from the hyo-glossus, middle constrictor and thyro-hyoid 
(fig. 2681). The stern o-hyoid may also be divided if a wider exposure 
IS ”5 uned v To com P lete the exposure of the hyoid bone and thyroid 
cartilage, the superior laryngeal nerve and vessels must be divided, 
and if necessary the upper pole of the thyroid gland with the superior 
thyroid vessels resected. The whole of the great cornu of the hyoid 
bone and the posterior two-thirds of the thyroid ala ore then removed, 
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leaving the lateral wall of the pharynx exposed (fig. 2082). The tumour 
can then be palpated from outside, and if it should be decided that it is 
useless to continue the operation it can be abandoned at this stage 
without doing any serious harm. 

The wound is again packed to keep it free from pharyngeal mucus, 
and the pharynx is then opened by a longitudinal incision, or, if the 
lateral wall is the seat of the tumour, the incision is so placed that it 
serves in part for the excision with a margin of at least Mnch, as well 
as for the exposure of the surface of the tumour (see fig. 2G83). The 
entrance to the larynx is protected with a strip of ribbon gauze packing 



Fig. 2681 — Latikal duB'^cotohv, 
(After Trader ) 



[After Trotter ) 


to exclude blood, and the excision of the tumour with a margin of half 
or preferably three-quarters of an inch is completed. The gap left is 
closed by mattress sutures of catgut, and it is recommended by Trotter 
that the incision in the wall of the pharynx should be closed, the 
muscles sewn over, and the wound in the neck left widely open but 
filled with boracic powder. 

For the reasons already mentioned it has been found much safer to 
close the opening in the pharynx at its lower part only, and to stitch 
the edges all round to the skin. To accomplish this the extremities 
of the skin incisions are united with fishing-gut, and the pharynx with 
the mucous membrane at the base of the tongue united to the central 




4920 POST-GRADUATE SURGERY 

part, of the skin incision with silk stitches. If fishing-gut is used the 
membrane tears, and if catgut is used necrosis of the skin is caused 
alon<» the stitch holes. The best union is obtained by using silk, which 
suits both skin and mucous membrane. In this way all raw surfaces 
are covered and the wound is drained by a tube passed through a stab 
wound above the clavicle and by another at the lower comer of the 
original incision in the skin. 

A feeding tube is passed into the oesophagus through the opening 



in the pharynx. The tracheotomy tube should be left in place for a 
week or ten dap, and when it is certain that there is no laryngeal 
obstruction it can be removed, preferably in the morning so that the 
patrent Womes accustomed in the daytime to its absence and the 
change of breathing. 


union of skin and mucous membrane is complete in about ten 
fourteen days and the pharyngeal opening then usually contracts to 
sht, but this depends upon how much of the lateral wall has 
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removed (fig. 2084). The pharyngostome is closed at the end of three 
or four weeks by the plastic method already described, skin being 
turned inwards to form part of the inner aspect of the pharyngeal wall 
if necessary. 

When lateral pharyngotomy is used for the excision of a post- 
cricoid tumour it can be modified in several ways. The operation 
should be reserved for cases in which there is no fixation of either cord, 
in which there is only a moderate degree of dysphagia, in which the 
lymphatic glands are not palpable, and in which the tumour is not yet 
visible with the mirror behind the larynx. The diagnosis must then 


if&l — Wound iiealeo 
Arrta lateral ruA8\MjoTx»ir 
roa triniELioiiA or aryuj- 
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depend upon endoscopic examination, and the precise level, situation 
and extent should be determined as far as possible without damaging 
the growth. 

The preliminary tracheotomy should be performed under local 
anaesthesia through a transverse incision. A flap of skin about 2 inches 
wide is then cut from the front of the neck with the base along the 
anterior border of the sterno-mastoid, the ends of the incision being 
prolonged for an inch upwards and downwards along this line. The 
neck is then cleared of glands, preferably without resecting the internal 
jugular vein unless it is evidently necessary, and without resecting the 
sterno-mastoid, which is retracted so that the dissection can be carried 
back underneath it, especially towards the upper end. 
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The part of the pharynx concerned can then be exposed by removing 
the posterior two-thirds of the thyroid ala and, if necessary, the upper 
pole of the thyroid gland, but without resecting the great cornu of the 
hyoid bone and without dividing the superior laryngeal nerve. This 
avoids much of the disturbance with deglutition which is usually associ- 
ated with the operation, and it gives a fully sufficient exposure in cases 
which are suitable for this method of approach. A complete segment 
of the lower pharynx and upper oesophagus is removed, including a 
margin of at least i-inch above and below the growth, Care must be 
taken that in detaching the pharynx from the back of the larynx, the 
crico-arytenoideus posticus muscles are not injured and that the recur- 
rent laryngeal nerve is neither cut nor stretched. The flap of skin is 



then implanted into the defect and stitched with silk to the mucous 
membrane of the pharynx above and of the oesophagus below, so that an 
open gutter is formed in which a feeding tube can lie behind the larynx. 

e wound left on the front of the neck is closed with mattress stitches 
o s 'worm-gut. The skin is here loose enough to cover the raw sur- 
ace wit lout ifficulty, and the retention of the stemo-mastoid is of 
help m forming the gutter for the new pharynx. 

At the end of a week, when healing of the edges of the wound is 
well advanced, a large drainage-tube is introduced so that it lies ver- 
ica y e t e aryiix extending from the pharynx above to the 
oesophagus below (fig. 2685 ). The pressure exerted by the tube, which 
is e m p ace y a tape, holds the skin flap in position and makes a 
continuous channel between pharynx and oesophagus without the 
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formation of a spur. The patient is fed by passing a catheter through 
a hole cut in the side of this rubber tube. 

At the end of six to eight weeks the rubber tube can be withdrawn, 
and the open gutter is transformed into a complete tube of skin by a 
plastic operation performed over a feeding tube introduced through 
the nose and kept in place until the wound has healed. 

To show the results which can be obtained by lateral pharyngotomy 
in suitable cases Trotter mentions the following : 


Case 1. Aryepiglottic fold (extensive glands) 
„ 2. Pyriform sinus .... 
„ 3. Lateral wail (largo primary growth) 
,, 4. Lateral wall (moderately early) 

„ 5. Lateral wall (large primary growth ; 

extensive glands) 

„ 6. Lateral wall (early) 

„ 7. Posterior wall .... 
„ 8. Post-cricoid (extensive) 


Freo from recurrence 7 years 
.. „ 20 „ 


7 

H 

8 
9 


A statistical survey is difficult on account of the varieties in situation 
and character of the tumours and the variations required in the 
technique. 



CHAPTER VIII 

Phab yxgo-Lar yng ectosi y 


lx cases where a pharyngeal tumour has invaded the lateral wall of 
the larynx so that the arytenoid cartilage and vocal cord are fixed 
on that side, and in cases of tumours arising in the fossa pyriformis, no 
good result can be obtained by an effort to preserve the larynx, which 
must be excised with a sufficient area of pharyngeal mucous membrane 
on its borders, and. if necessary, with a complete segment of the 
pharynx. 


A method of partial resection has already been mentioned. The 
median incision with cross incisions at either end must be used. The 
rectangular flap on the side corresponding to the tumour is made large 
so that a complete clearance of the lymphatic area can be undertaken, 
with resection of the jugular vein. The great cornu of the hyoid bone 
is then removed on the same side, and the larynx excised in the usual 
way from above with a sufficient margin of the pharynx round the 
tumour. Only the lower parts of the pharynx and the incisions in the 
lf tUe U PP<* part cannot be closed without tension, 
nart an 1 1 !titclred *° the skin ' ritb ^ ^ upper 

Cd bv fl!- “ ° f f0Ur ,0 Sk Weks ‘ ba pharyngostome is 
(see page 4927). ^ ° Pen> '° n m Wl “ cl1 skio “ fa™ 11 to face inwards 

fosi'nSo^i'r.nt “ ° f pj^rtyugeal cancer, some tumours of the 
form to the ltodtationTm^Ln^raeT™ “ acer "' Hcl1 do not con - 
of the pharynx must he excised (fig. SMIK * 

the methoik’of Gliomas j/ e th ° 0peratloa W bce “ overcome by 
proposed by de Quervain is not n ^ d 3 P rehmiI u * r 7 gastrostomy as 

two Void bone to the juguium with 

thus marked out are to be used at thc^d Mctan S ul « skin fla P 3 
the gap left between the lower end of the ^ ^ ° perat,on to brid S e 
of the (Esophagus and they thus f nr ,„ , I ’ llar >' nx . “nd the upper end 
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defect must bear some relation to the size of the tumour which has to be 
removed, and the flaps must be cut so that they are fully long enough 
to cover the defect without tension when sutured above and below. 
In men the upper incision should, if possible, be made below the hair 
line as the epithelial surface will face inwards to the pharynx, but this 
is not often feasible and should not be allowed to influence the more 
important consideration of cutting the flaps long enough. The lym- 
phatic glands must always be cleared on both sides of the neck, and 
the larynx is then isolated, as already described, without opening the 



pharynx. The isthmus of the thyroid gland should be divided and the 
lateral lobes detached from the side of the trachea. 

With a blunt dissector the pharynx is then detached from the pre- 
vettebcal fascia iu the layer of loose retro-pharyngeal connective tissue 
which contains only a few small blood-vessels (see fig. 2G87). This dissec- 
tion is carried upwards and downwards to the extent estimated to be 
necessary by palpation of the tumour through the wall of the pharynx, 
so that a margin of at least f -inch can be left beyond the tumour when 
the pharynx and oesophagus are incised. A flat piece of folded gauze 
is then passed behind the pharynx across the front of the vertical 
column to protect the mediastinum. The rest of the wound is then 
packed, and the pharynx is opened as in simple laryngectomy by 
drawing forward the larynx with the epiglottis so that the tumour 
can be seen from above. The mouth is emptied of saliva and secretion 
by suction, and packed with a strip of gauze. The pharynx is then 
divided f-inch above the tumour (see fig. 2688). The oesophagus is next 
separated from the trachea, divided below the tumour, and a feeding 
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thus surrounded by a collar of skin. The oesophagus is then drawn up 
without tension and stitched between the edges of the median incision, 
so that the trachea and oesophagus are separated by at least £-inch, or 
rather more if possible. The rest of the skin incision is sutured in the 
median line and the skin is stitched all round above to the pharynx 
and the root of the tongue. Only the corners of the original incision 
arc left open for drainage. 

If the end of the oesophagus cannot be fixed in this way, it must be 
left with a tube fixed in it, but if this is likely to happen the operation 
should not be undertaken. 

As a rule, healing takes place in a fortnight with very little slough- 
ing or suppuration, but four to six months must be allowed to elapse 
before the plastic operation for reconstruction of the pharynx can be 
undertaken, as the skin flaps must acquire a free blood supply before 
their bases can be divided (fig. 2689). 

In the meantime feeding can be resumed by the mouth by using a 
soft india-rubber funnel which bridges the gap between the base of the 
tongue and the oesophagus (fig. 2690). The upper end of the funnel 
must be cut to suit each case and introduced by folding the funnel so 
that it can be grasped with a sponge-holder and passed up behind the 
tongue, where it opens out and rests quite comfortably. The lower 
end need not pass far down the oesophagus, and the contrivance is held 
in place by a tape tied round the neck. The funnel must be soft enough 
not to irritate the tongue and not to pass up too high, otherwise the 
patient will retch, but it must be strong enough not to collapse when in 
position. A certain amount of adjustment is therefore necessary before 
the patient tolerates the tube and is comfortable, but once in position 
it enables the patient to swallow easily and naturally and it prevents 
leakage of saliva almost entirely, so that the patient gains weight. It 
need not be changed daily ; two or three times a week or even less 
often is sufficient. 

This method is, however, a makeshift and the front of the pharynx 
should be reconstructed by a plastic operation whenever possible after 
four to six months, when the skin now forming the posterior pharyngeal 
wall has acquired a fresh blood supply. This is shown by its colour 
and by the acquisition of some mobility between the skin and the front 
of the vertebral column. It is necessary also to make certain that there 
is no tendency of the scars at the sites of the original incisions to 
contract. 

The scar on the front of each pharyngeal opening above and below 
is excised so that the edge of the tongue and the edge of the cesophagus 
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can be dissected up anteriorly for a short distance. A rectangular flap of 
skin is then cut on either side with its base towards the middle line, its 
length corresponding to the length of the defect and its width great 




enough to enable it to meet it<* \ 

-'f “ 
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tongue, below to the anterior edge of the ossophagus, and in the middie 
or laterally, if they are not of the same width, to one another (fig. 
2(592). A new pharynx lined with skin is thus formed, with a raw sur- 
face facing outwards (fig. 269.1). This raw surface is covered with a 
flap of skin cut from the chin and the lower part of the cheek where the 
skin is loose and of good texture. A horizontal incision is made from 
the chin outwards to a point below the ear on the side from which the 
larger of the two skin flaps was cut. The lower edge of the covering 



Ftj. 2695. — Plastic oresATtov rrjg closckk or Ftg 2696 .— Three years a ft as plastic operation to 
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flap is bounded medially by the edge of the opening in the pharynx, 
and further outwards by the upper transverse incision with which the 
first and larger skin flap was cut. This incision is lengthened laterally 
parallel to the upper one, and the two are joined by another vertical 
incision beneath the ear. This flap must be wide enough and long 
enough to cover the raw surface easily when sutured to the wound 
edges on the front of the neck, and must be freed sufficiently to allow it 
to be rotated 90 degrees into position without strangling its blood supply 
(fig. 2694). The defect along the lower jaw is easily closed with the 
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help of a few deep supporting stitches (see fig. 2695). A feeding tube 
should be passed through the nose before the operation is begun and 
the patient is fed by this for ten days until healing is completed. 
Occasionally a corner of the outer flap sloughs, but the fistula usually 
closes spontaneously without difficulty. Figure 2690 shows the neck 
of a woman three years after tins operation for a post-cricoid carcinoma. 

Gluck and Soerensen state that in 334 cases of pharyngo-laryngect- 
omy 78 died from the effects of the operation, whilst 10 per cent of 
the cases gave permanently good lesults. The others sooner or later 
had a local recurrence or died of distant metastases. Many of these 
patients came for operation m a very unfavourable condition, so that 
a more drastic selection of cases would have given better results 
statistically, but whenever possible no case was refused operation. 
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TONSILS AND ADENOIDS AND RETRO-PHARYNGEAL 
ABSCESS 


CHAPTER I 

Retro-Piiaryngeal Abscess 

Both the acute and the chronic typo may communicate with an absccs3 in the 

nCC ^' SURGICAL ANATOMY 

Retro-pharyngeal abscess may be defined as a collection of pus lying behind 
the constrictor muscles of tho pharynx. A glance at figures 2697, 2698, 2699 and 
2700 will explain how pus in thi 3 position can produce obstruction to respiration, 
and can track up and down or pass laterally through the loose areolar tissue of the 
muscle planes. The posterior wall of tho pharynx i3 more tightly bound down to 
the prcvcrtebral fascia in tho middle line (fig. 2697) and this explains why the 
is, when examined clinically through tho mouth, usually lies to one or other 



Cervical 

Vertebra 

side of tho middle line (fig. 2698). In infancy and early childhood the retro- 
pharyngeal space contains a few relatively large lymp atic 8“ ' , 

These lie in front of tho arch of the atlas. They recerve 

naso-pharynx and adenoid tissue and drain into the superior eep | 

iu front of and behind the jugular vein. Suppuration in these retro-pharyngeal 

glands is the commonest cause of the acute form of abscess. ..Urvnmal 

The above anatomical facts explain the early age incidence o ret™ 
abscess, the retro-pharyngeal glands and adenoid tissue en possible 

later years. The frequent complication of secondary cervrcafademtis, with possible 
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suppuration in the neck and formation of a communicating abscess (fig. 2699), is 
also easily explained. Another point of interest is that the larynx lies in a 
relatively higher position in the infant than it docs in later childhood. Hence 
respiratory obstruction is most often present in the very young. 

ACUTE RETRO-PHARYNGEAL ABSCESS 

Aetiology and Pathology. 

This form of abscess is usually found in children between the ages 
of six months and three years. It is rare in later childhood and adult 
life. The pale unhealthy child with infected adenoids, living in an over- 
crowded home, is the usual sufferer. It sometimes occurs in infants a 
few weeks old. The organisms most often responsible are the strepto- 
coccus pyogenes and the staphylococcus aureus. 

Clinical Signs and Symjdoms. 

In the infant and younger child, obstruction to respiration and 
swallowing is often the first and most important indication of the 
presence of an abscess. The miserable infant produces in its pharynx 
a peculiar mewing cry, alternating with a sharp staccato quack as its 
unhappiness increases. Alarming signs these, which often lead the 
unwary to a hasty diagnosis, and the unfortunate sufferer to a 
diphtheria ward in a fever hospital. The hard brassy expiratory 
bark of laryngeal diphtheria is quite a different sound. 

Enlarged cervical glands or a fluctuating cervical abscess may be 
present. In the early stages the mouth is wet and dribbling with 
saliva, but as obstruction increases the lips arc sore and dry, the tongue 
furred, and the pharynx becomes gummed with sticky mucus. Fluid 
or food may be refused, or be swallowed with great difficulty. In- 
flamed glands in the neck immobilise the head, and misery is com- 
plete. The severity of the picture depends, of course, upon the degree 
of obstruction to the larynx and oesophagus, and to the pain produced 
by muscle movement over tense abscess walls. 

A small acute retro-pharyngeal abscess, particularly when present 
in a child of two years or more, may cause very few symptoms. 

Operation. 

In the acutely obstructed infant very little in the way of an 
anaesthetic is necessary. Some surgeons prefer to give no anaesthetic at 
all. Respiratory relief can almost always be obtained by passing a 
small rubber anaesthetic tube or airway past the abscess so that the end 
‘i 3 just above the larynx. The writer was Senior Casualty Officer at the 
ospital for Sick Children for over three years, and naturally had to deal 

' a number of these cases. An anaesthetic was always administered, 
found to be a great advantage, and all the children did well. 
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suppuration in the neck and formation of a communicating abscess (fig. 2699), is 
also easily explained. Another point of interest is that the larynx lies in a 
relatively higher position in the infant than it does in later childhood. Hence 
respiratory obstruction is most often present in the \ ery young. 

ACUTE RETROPHARYNGEAL ABSCESS 

J Etiology and Pathology. 

This form of abscess is usually found in children between the ages 
of six months and three years. It is rare in later childhood and adult 
life. The pale unhealthy child with infected adenoids, living in an over- 
crowded home, is the usual sufferer. It sometimes occurs in infants a 
few weeks old. The organisms most often responsible are the strepto- 
coccus pyogenes and the staphylococcus aureus. 

Clinical Signs and Sym])loms. 

In the infant and younger child, obstruction to respiration and 
swallowing is often the first and most important indication of the 
presence of an abscess. The miserable infant produces in its pharynx 
a peculiar mewing cry, alternating with a sharp staccato quack as its 
unhappiness increases. Alarming signs these, which often lead the 
unwary to a hasty diagnosis, and the unfortunate sufferer to a 
diphtheria ward in a fever hospital. The hard brassy expiratory 
bark of laryngeal diphtheria is quite a different sound. 

Enlarged cervical glands or a fluctuating cervical abscess may be 
present. In the early stages the mouth is wet and dribbling with 
saliva, but as obstruction increases the lips arc sore and dry, the tongue 
furred, and the pharynx becomes gummed with sticky mucus. Fluid 
or food may be refused, or be swallowed with great difficulty. Iu- 
flamed glands in the neck immobilise the head, and misery is com- 
plete. The severity of the picture depends, of course, upon the degree 
of obstruction to the larynx and oesophagus, and to the pain produced 
by muscle movement over tense abscess walls. 

A small acute retro-pharyngeal abscess, particularly when present 
in a child of two years or more, may cause very few symptoms. 
Operation. 

In the acutely obstructed infant very little in the way of an 
anaesthetic is necessary. Some surgeons prefer to give no an®sthetic at 
all. Respiratory relief can almost always be obtained by passing a 
small rubber anaesthetic tube or airway past the abscess so that the end 
lies just above the larynx. The writer was Senior Casualty Officer ® 

Hospital for Sick Children for over three years, and naturally had to deal 
v- ith a number of these cases. An anaesthetic was alway s a ere 

It was found to be a great advantage, and all the children did well. 
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The chil d is placed on his back with the head lower than the body. 
A gag is placed in the mouth, the maximum point of fluctuation of the 
abscess incised, and the contents of the abscess sucked out with an 
efficient suction apparatus. The abscess may be aspirated through a 
hollow needle before it is opened if there is much pus. If no suction 
apparatus is available, a very small opening should be made in the 
abscess and the pus wiped away with swabs as it oozes out. There is 
no point in letting the pus swamp over into the throat and nasal 
passages as this may quite easily prolong convalescence by causing 
infection in the nose When all the pus Las been evacuated the open- 
ing is made large enough to allow free drainage, and the child is then 
placed on lus side. A very short anaesthetic is needed, and a little 
chloroform is usually all that is necessary. Oxygen is helpful through- 
out the operation Atropm beforehand prevents hypersecretion and 
makes everything easier. 

If no anaesthetic is given, the small child must be wrapped tightly 
in a blanket and the head held gently but firmly by an assistant. 


After Tiealnuul 

This aims at keeping the mouth as clean as possible. In the tiny in fan t, tha 
is best cW h\ wiping uu» the mouth frequently with swabs soaked in saline ora 
solution of sodium i narbonate Tbe foot of the bed may be raised. In older 
children i trulL, -houid be given. Fluids only should be given at first, and from 
the w. nd da\ , soft foods An enema may be given if necessary, and the normal 
regulation of the bowels attended to as soon as possible. 

Kaos cry is usually rapid, but ^ vcry de bUitated children with pyrexia it may 
, " C , C . c ore r ® co ' er >’ is complete. After reasonable convalescence the 

adenoids, which are usually the primary source of infection, must be attended to. 
Case 1 

Acuity, no cyanosis. 

left of middle liTea? level Iftl 

““tSmSi? “^ 6h ‘ ““ 

CUd discharged fit aldwdt subsHKL 


u «t.TRO-PUAttVJCGEAL 




•Etiology and Pathology. 

Tim usually occurs in older children frou, 0 to 14 years of age a 
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seldom gives rise to symptoms. It is usually discovered on routine 
examination when chronic cervical adenitis is present. The tubercle 
bacillus is usually responsible, but a non-virulcnt streptococcus is 
sometimes found. Skiagrams of the cervical vertebras must always 
be taken. These will sometimes show evidence of caries. 

In the writer's opinion chronic tuberculous rctro-pharyngcal abscess 
often arises from a focus in the adenoid bed, and the caries may 
be secondary to the retro-pharyngeal abscess. It must always be 
remembered that a chronic retro-pliaryngeal abscess may communicate 
with an abscess in the neck. This can easily be demonstrated clinically 
by palpating the neck abscess with a finger on the swelling in the throat. 

Operation. 

In these chronic cases the retro-pharyngeal abscess is best drained 
through the neck. Adequate drainage of the neck abscess will allow the 
swelling in the throat to be evacuated by simple pressure. Occasionally a 
chronic tuberculous sinus will run from the neck to the retro-pharyngeal 
abscess, and this must be followed up and cleaned out. Aspiration of 
the retro-pharyngeal abscess may be tried as a preliminary measure. 

After-Treatment, 

If no opening has been made in the retro-pharyngeal wall, treatment i3 greatly 
simplified and attention is devoted to the neck. This is best dressed by swabbing 
out the cavity with perchloridc of mercury, 1 in 1000. If there is a good deal of pus 
present in the neck, the cavity should he kept loosely packed Jbr a Sew days with 
gauze soaked in the same solution. It is sometimes possible to close the wound 
completely at the time. If caries of the cervical vertebra) is present, immobilisa- 
tion of the neck and treatment on general lines for surgical tuberculosis is 
recommended. 

Case 2 

History. Girl, aged 13 years. Two years previously, cervical adenitis right 
side. One year later, abscess formed. Large fluctuating swelling incised and 
drained. Tubercle bacilli present in pus. Received inoculation treatment. 

On examination. Small sinus present on anterior border of right stemo- 
mastoid. Large swelling to right side of post-pharyngeal wall. X-ray examination, 
cervical vertebra negative. No pain, no cough, no dyspnoea, appetite good. 

Operation. Retro-phaxyngeal abscess aspirated. Tubercle bacilli and non- 
hemolytic streptococci present in pus. Three weeks later, sinus in neck dissected 
out. Track passed anterior to stemo-mastoid and behind great vessels, leading 
to retro-phaxyngeal abscess. Abscess drained. No evidence of cervical canes. 
Four weeks later, discharged fit and wound healed. 



CHAPTER II 

Tonsils and Adenoids 


adenoids 

SURGICAL ANATOMY IN RELATION TO OPERATION (fig. 2701) 

The adenoid tissue lies in the naso-pharynx, and is made up of longitudinal 
folds of lymphoid tissue covered by columnar ciliated mucous membrane. The 
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cartilage. Its lower half is separated from the bone by the superior con- 
strictor muscle and the two heads of the longus capitis muscle (see fig. 2703c). 

When the pharyngeal reflexes are present, the superior 
constrictor will contract on stimulation, forming a ridge just MOOTM. 
below the adenoid tissue. It can easily be torn with the 
curette if the surgeon does not wait until the naso-pharyngcal 
sphincter is relaxed before carrying his blade through. 

The blood supply is from small prevertebral arteries, 
but two very large veins drain the adenoid tissue and pass 
under the upper border of the superior constrictor muscles 
and between the two heads of the longus capitis (see fig. 

2703c). These two large veins are usually responsible for 
hiemorrhago from the adenoid bed. Pressure in the NOSE., 
middle line, on the posterior pharyngeal wall opposite the F , g . 2702 .— adkcoid 
base of the uvula, will control hamorrhage. The author TISSUI BV 

has demonstrated these veins in numerous dissections. 

The lymph drainage is to the retro-pharyngeal lymph 
glands lying anterior to the body of the atlas, and thence to the superior deep 
cervical glands (see fig. 2697). 

On either sido lie the Eustachian tubes with their orifices, the adenoid tissue 
extending well into the fossaj of Rosenmullcr under the tubes (see fig. 2703a). The 
blade of the adenoid curette must pass under the tubes and must never on any 
account be allowed to injure them, as even the slightest injury may produce 
cicatrisation and partial closure of the tubes, with impairment of hearing later. 

Anteriorly lies the vomer, the base of which also forms part of the adenoid 
bed. To either sido of the vomer are the posterior nares. When removing adenoids 
with a curette, the blade first engages the adenoid tissue at the base of the vomer. 
It is also just as well to remember that there may be intra-nasal extensions of the 
adenoid folds, and when these occur, simple removal of the adenoid tissue in the 
naso-pharynx will improve the airway very little, if large intra-nasal extensions 
are left behind. 

From numerous dissections which the writer has made, it is obvious that the 
adenoid tissue has a capsule precisely similar to that of the tonsil. This, of course, 
is formed mainly of areolar and fibrous tissue which separates it from its bony 
and muscular bed. From this capsule trabeculi pass up into each fold. 

1 Etiology and Treatment . 

The adenoid tissue can become hyperplastic and cause severe upper 
respiratory obstruction by blocking the post-nasal space. This condi- 
tion occurs in early infancy and early childhood, and is usually 
preceded by some form of infection. 

The adenoid tissue tends to shrink after puberty, but never entirely 
disappears even in. adult life. It can always be recognised with a 
microscope, and almost always by the naked eye. Simple adenoid 
hyperplasia occasionally takes place after the age of sixty. Obstruction 
in the new-born, due to adenoid hyperplasia and resultant adhesions, 
can often be freed by the gentle passage of a soft catheter well lubricated 
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with liquid paraffin. The catheter should be passed beyond the 
naso-pliaiynx into the pharynx and moved gently to and fro. It has 
been my practice for several years to use this simple technique in new- 
born infants with nasal obstruction. The catheters are passed once 




My al first and then once a week until the hahv is breathing normal 
A baby with nasal obstruction will not take its feeds properly, and w 
rapidly lose weight The above procedure has been most successful 
the Children s Hospital, Great Ormond Street. • 

I “''“"ally, congenital abnormalities occur with bony or mei 

Ifte^ ‘, he POileri0r Mres ' to pass the rubl 

catheters should lead to further investigation. 
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ADENOIDS — INDICATIONS FOR OPERATION 

(1) Nasal Obstruction (Ziyjierplasia ; adhesions). 

If nasal obstruction persists after an acute infection, the patient 
should be examined for evidence of hyperplasia of tiie adenoid tissue. 
This can usually be seen, even in the very young child, by gently rais- 
ing the soft palate. A mass of adenoid tissue can easily be palpated 
with a finger on the soft palate. Macing a finger behind the soft 
palate into the post-nasal space frightens the child, and is almost 
certain to cause a little bleeding and produce adhesions. If the condi- 
tion is untreated, alteration in the speech will be noticed. The child 
seems to sutler from a continuous cold, and there is occasional earache 
and restlessness at night. This type of child commonly suffers from 
nocturnal enuresis. This is easily explainable. The child happens to 
be sleeping on his back and the tongue sags down against the hard 
palate. Normally he would then automatically breathe through his 
nose, but if enlarged adenoids are present, there is a subconscious 
realisation of the terrors of suffocation. The child usually cries out in 
fear, and passes urine in the bed. The sleeper seldom awakes com- 
pletely, but turns over, assumes a different position, and continues 
breathing through the mouth. 

If obstruction due to adenoids persists for a few years, retarded 
development, alteration of facial expression, and deformity of palate 
and teeth will take place. In children suffering from respiratory 
diseases such as asthma, unresolved pneumonia, or any condition where 
there is poor development and expansion of the chest, it is essential to 
remove the adenoid tissue if the physician considers that the nasal 
obstruction is aggravating the condition. 

( 2 ) Middle Ear Disease. 

The majority of cases of disease of the middle ear start with a 
primary infection in the adenoid bed. During the exanthemata it is 
common to get an infection of the adenoid bed, and this may quite 
easily spread up the Eustachian tubes. 

It is unwise to remove adenoid tissue during the acute stage of 
otitis media, but all cases of chronic otitis media should have an 
■examination, of the adenoid bed. It is my practice to re-admit 
for adenoidectomy and tonsillectomy all children win have suffered 
from mastoiditis, on their return from the convalescent home. All 
children with otitis media which does not clear up in three or four 
w£eks should be suspected of adhesions or of infection in the adenoid 
bed, and in such cases operation will hasten the cure. 

VOL. III. — 2x* 
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A number of children complain of periodic deafness and earache 
without otorrhcea. If the child lias enlarged adenoids which have become 
adherent to the Eustachian tubes, adenoidectomy will clear the condition. 

(3) Cervical Adenitis. 

The superior deep cervical group of glands receives the drainage 
from the adenoid bed as well as from the tonsils themselves, and 
repeated cervical adenitis i< \erv suggestive of infection in the adenoid 
bed It must be emphatically stated that badly infected adenoid 
tissue often gives no signs of obstruction, and shows no signs of hyper- 
plasia although the tissue itself may be riddled with small abscesses. 

In cases where cervical adenitis persists, the possibility of a tuber- 
culous infection m the adenoid bed must be borne in mind. The 
writer has often demonstrated the presence of tubercle bacilli and 
granulomatous tub* rculosis m adenoid tissue in cases where tubercle 
bacilli have also been cultured from a cervical abscess. It must be 
remembered that not all cases of cervical adenitis are tuberculous— 
indeed the majority would appear to be due to the presence of infection 
in the adenoid tissue or in the tonsils themselves, due to one of the 
various forms of cocci 


(4) Retro-Pharyngeal Abscess. 

After the evacuation of a retro-pharyngeal abscess, when the child 
has returned from convalescence, it is advisable to remove the 
adenoid tissue. I have demonstrated small abscesses deep within the 
adenoid tissue in such cases. These abscesses sometimes contain 
tubercle bacilli. The presence of these abscesses will show the surgeon 
how important it is to remove the adenoid tissue complete — that is to say, 
through the areolar layer which separates it from the muscles and bone. 

(5) Sinus Infection. 


I am convinced that many forms of sinus infection in childhood 
are secondary to stasis of secretions in the nose, due to obstruction 

by adenoid tissue in the naso-pharynx. At the Princess Elizabeth 

Hospital for Children all cases with infected sinuses are examined by 
A-rays, and the adenoids removed. The condition of the sinuses is then 
loUowed up by X-ray examination every two months by Dr. Calthrop, 
^ n ., ® ma ]°nty of cases are found to clear up completely without 
f her treatment Dr. Calthrop also claims to be able to demonstrate 
Sll P TT.°f, T id ^ k - I * * * V ^ Photographs, and this method 
v ^ ltS Place 33 a " a 'd to diagnosis. 

(6) A asal Catarrh and Xasal Diphtheria 

Adenoid obstruction causes stasis of secretions from the nose and 
sinuses, and these are held up in the nasal passages. The mucus tends 
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to evaporate and become viscid, and forms an excellent breeding 
ground for organisms. Adenoidectomy usually cures the condition. 
In chronic nasal diphtheria, infection usually clears up completely 
after this operation. 

(7) Incomplete Adenoidectoniy. 

If part of the adenoid tissue is left behind, it readily becomes 
infected. There are two common faults : pieces of adenoid tissue are 
left at either side and form adhesions with the Eustachian tubes, or 
the curette does not pass deep enough and only cuts off the tops of the 
adenoid folds. The former predisposes to deafness, the latter to abscess 
formation under the scarring which is bound to take place across the 
cut edges of the folds. 

In my opinion it is much more important to remove the adenoid 
tissue correctly, and without injury to surrounding structures, than it 
is to perform tonsillectomy successfully. Both operations should, of 
course, be done with equal care. An incomplete tonsil operation, 
or damage to the throat, can easily be seen, but untold injury can be 
done in the naso-pharynx, and nobody but an expert will be any the 
wiser. 

Large post-nasal polypi sometimes grow from the adenoid bed 
after imperfect adenoid removal in childhood. It is usually possible 
to remove these completely with an adenoid curette when removing 
the adenoid remnants. 

TECHNIQUE OF OPERATION 

Adenoidectomy will be discussed under the operation for the removal 
of tonsils, but it is as well to state here that adenoidectomy is often per- 
formed without the removal of the tonsils, particularly in the very young. 

As a general rule, it is wisest to examine the tonsils carefully when 
performing adenoidectomy, and if they are suspicious, it is best to 
remove them at the same time. Children tend to suffer from tonsillitis 
after the removal of adenoids only. 

A good deal of controversy has arisen over the question of removal 
of adenoids before or after tonsillectomy when complete operation is 
contemplated. Some surgeons prefer to remove the adenoids first. 
They claim that they are able to control haemorrhage better, 
and that tonsillectomy is made easier. Others prefer to do the 
tonsils first. The writer prefers to do the tonsils first, because this 
method suits him best. He controls bleeding from the adenoid bed 
with swabs until all haemorrhage has ceased. Either method should 
be equally effective in capable hands. 
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Wien using Sluders technique the operation must always be done 
in sequence : First the right tonsil, then the left tonsil, and lastly the 
adenoids. 

TONSILS 

SCEGICAL ANATOMY I'* EELAT10X TO OPERATION 
The tonsils lie, one on each side, at the entrance to the pharynx. Each it 
enclosed in a triangle of muse!, tissue .Interiorly lies the pakto-gWa muscle 
(or “tenor pillar of the braces) and postcHorly the pakto-pharyngeua (posterior 
pillar) The base of the tnangle is formed by the tongue (fig. 2701). 

The tonsil is often buried very deeply in the soft muscles of the palate,' 
particularly atlts upper pole The lower pole usually protrudes into the pharya- 
geal easily. The bed of the tonsil is made up of the superior constrictor muscle 
of the pharyngeal waU. wnh fibres from lie palato-glossua and palato-pharyn-eeus 
interlacing across It. rye 

anatomy Las been described by Denis Browne (Journal of 
Jnoromy), for whom the wrrtc, did all the illustrations and helped with iU 
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be complete, that is to say, the whole tonsil must bo removed through the areolar 
layer which normally separates it from its muscle bed, and no part of its muscle 
bed must receive injury. It cannot bo stressed too strongly that scar tissue, and 
destruction of muscle tissue in this area, can lead to severe disorganisation of the 
physiology of the noso and throat. Dreadful cases arc sometimes seen, where the 
uvula and a large portion of the soft palate have been removed. The resultant 
contraction causes almost complete closure of the naso -pharynx. Every surgeon 
should aim at removing the tonsil without removing any muscle tissue at all. 

Tho tonsil has a firm fibrous attachment at its base. The vessels and nerves 
which enter tho tonsil do so near the tongue. Tho blood supply is provided by 
the external carotid artery, through branches of the lingual, facial, ascending 
pharyngeal, and the descending palatine branch of the internal maxillary artery. 
Here it is as well to bear in mind that an abnormally Jong styloid process cpn pro- 
trude right into the tonsil fossa, and has occasionally been removed at operation. 
It is also of interest to remember that certain congenital abnormalities arfc found 
from time to time. Remnants of the cervical sinus have been traced from openings 
in the neck to tho supra tonsillar fossa, and pus from a cervical abscess his been 
known to escape from this opening in the tonsil. 

The tonsil is covered by mucous membrane only on its exposed surface, the 
mucous membrane dipping down to line the crypts. The surgeon starts liis dis- 
section where tho mucous membrane stretches from the muscle of the pillars of 
the fauces to the edge of tho tonsil (fig. 2704). 

CLINICAL PATHOLOGY OF T1IE TONSIL 

Congenital Abnormalities. 

Occasionally, small islands of cartilage or bone are found on micro- 
scopic examination. These are probably remnants of the first and 
second branchial arches, and must not be confused with pieces of bone 
removed from the styloid process during tonsillectomy. 

Foreign Bodies. 

Fish bones or tooth-brush bristles occasionally stick into the tonsil 
and may not be recognised for several days. They can usually be 
palpated with the finger and removed. They may, of course, give rise 
to abscess formation. Calculi are sometimes found. These are prob- 
ably the result of chronic inflammation in an obstructed crypt. 

Inflammation. 

(I) Acute Surface Infections 

In this class we include Vincent’s angina and diphtheria. In 
Vincent’s angina the lesion is usually in the form of an ulcer with 
sloughing centre and highly-inflamed edge. The diagnosis is confirmed 
by finding the spirochete and bacillus of Vincent from slides and 
cultures. Local application of trichloracetic acid usually clears up 
the condition. 

In diphtheria the membrane is often confined to the tonsil, but may, 
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„r extend to the tec, end palate, 'l'he greyish-white elastic 

tncmbnoio soon arouses suspicion, and Iv.L.B. are usually found with- 
out difficulty on culture of a piece of membrane. There is very little 
local reaction. Them may bo no hypcr.emu of the mucous rncrnW 
Tmatment is. of eouise, by serum, and the condition must be dealt with 
at oner on the cluneal picture alone without waiting for the cultures, 
ir.afle, the acute infection has ibid down repeated swabs are positive, 
lonsiths tomy will almost always leal up the infection. In diphtheria 
tairi.'is tlu- nichcuoe of K 1- B .n the thro.it can often be cleared up 
< nmplcteiy lifter tonsillettoim 


(• 2 ) 1< u/t Toi'-ill’tis 


This may bo divided into tuur -ml* Ik* uliugs : 

(a) Catarthal Tonulhti'* TIiih i. i -imple form of tonsillitis with 
lymphoid hyperplasia !i unuuIIv Mib-udcs easily, but may result in 
oluonie hyperplasia and m* neee^Mtatc tonsillectomy. The organism is 
usually one of the vniimis forms of t.o<ei found in the throat. Such 
tonsillitis usually takes place during an acute infection such as one of 
the exanthemata. 

(ft) .lode Follicular Tonsillitis Tln> is :m acute infection, often 
localised to the tonsils themselves. The organism is usually the 
hemolytic streptococcus Yellow pus appears at the openings of the 
crypts, theie is great local inthmination, and in severe cases there is 
ivdoma of the uvula and palate. 

Tonsils should never be operated upon in this acute stage, or death 
fiom septicemia may take place in a few days. Scarring from repeated 
tonsillitis will often lead to residual small abscesses in the crypts and 


necessitate tonsillectomy during a quiescent stage. It is best to alio* - 
a recovery period of about four weeks after a severe attack of acute 
tonsillitis before considering surgical removal. 

(e) iSuppimitiiY Tonsillitis. A crypt becomes obstructed during 
ttttack u f acute tonsillitis ami a sin'll] residual abbess is left belffii 
l.“* " u .v hurst through the base of the crypt into the loose aieohr 
tlSsin round the tonsil capsule, forming a paratonsillar abscess or 4 
ipuiisv. Hie pus tracking along the tissue planes sometimes pioio.'S 
extreme swelling of the soft palate. This is red and inflamed. Tm 
luttcnt is usually m groat pain. It is best to postpone anv atti« : 
at opening the ..hw-.s until it has become properlv localised « 
otherwise severe s. ’■ may result. 

JuS" * ~ «* *e 
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through the point of maximum fluctuation. It is best performed by 
anaesthetising the surface with a small swab of cocaine, making a tiny 
cut, and then opening the abscess with sinus forceps. A patient suffer- 
ing from haemophilia has been known to die from haemorrhage after 
the spontaneous bursting of a quinsy (Hollick). 

Tonsillectomy should be deferred for at least a month after recovery. 

(d) Gangrenous Tonsillitis . Occasionally, whole areas of tonsil 
tissue may be sloughed away. Very severe haemorrhage may result. 
Any question of tonsillectomy must be deferred until several weeks 
after the condition has subsided. 

(3) Chronic Inflammation of Tonsils 

(a) Non-Specific . Chronic hyperplasia may follow acute catarrhal 
inflammation, or scarring may result from an acute follicular infection. 
It is common in cases like this to find tiny abscesses deep within the 
crypts. These tend to discharge pus when the tonsil is massaged by 
the act of deglutitiou. The crypts often become obstructed by dead 
epithelium, which is highly offensive. The crypts contain concretions 
of necrosed desquamated epithelial cells, and there is considerable 
polymorphonuclear infiltration round the crypts. The patient ex- 
periences a sense of discomfort and irritation. 

Many types of organism may be grown — streptococci of all kinds, 
staphylococci, micrococci and diphtheroids. Iveratinisation of the 
surface of the tonsil sometimes takes place. 

(b) Specific. Streptothrix actinomyccs is found on routine 
examination in a few cases of chronic tonsillitis. In diphtheritic 
carriers K.L.B. can be found in the tonsil crypts, and occasionally 
areas resembling diphtheritic membrane are seen inside the crypts 
on microscopic section. Tuberculosis of the tonsil occurs more often 
than is generally supposed. 

In all cases of chronic cervical adenitis where tuberculosis has been 
suspected or found, it is advisable to examine the tonsils under the 
microscope and to inject an emulsion into a guinea-pig. In a large 
percentage of these cases we have found tubercle bacilli in the neck 
abscess, and have been able to demonstrate the bacilli or the presence 
of tubercles in the tonsil tissue. It must be remembered that this type 
of tonsil often looks quite innocent when examined clinically. 

Gummata of the tonsil sometimes occur, and if the gumma breaks 
down a suspicious-looking ulcer will make its appearance. In all cases 
of ulceration or tumour formation in the tonsil it is as well to know 
the Wassermann reaction. 
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CYSTS OF THE TONSIL 

Small cysts are fairly common in the tonsil. They often give rise 
to no symptoms. They appear as white or yellowish-white cystic 
swellings with occasional blood-vessels running across them. They are 
often about the size of a pea, but one cyst which the writer removed 
whole with the tonsil in a man of 27 measured 3x3 eras. The cysts 
are lined by squamous epithelium, and contain sebaceous material, or 
brown pultaceous matter in which are to be found cholesterol crystals. 


TUMOURS or THE TONSIL 

(1) Simple Tumours. 

Papillomata are sometimes found. These are branched squamous- 
celled papillomata, and chronic inflammation is usually present in the 
tonsil. Polypi are occasionally seen. Cartilaginous tumours are rare, 
but do occur. A good specimen of lymphangioma of the tonsil is 
preserved in the London Hospital museum. 

(2) Malignant Tumours. 

Lyrupho-sarcomata and squamous-cellcd carcinomata are occasion- 
ally seen The sarcomata are usually of the lympho-fibro-spindle-shapcd 
type, and sometimes occur in young people. 

.J ka 'uTT* at ° ®? U!lmo " 3 ’ l’™ Ue Polygonal, and occasionally 
horny-celled. They usually occur in patients o«r fifty. 

Sarcomata usually appear clinically as smooth, solid tumours, 

trandlnTS 0fte '' 'r k d °" n t0 -tam with everted 
edges and hard fixed surrounding areas 

first S lu"!m 8,ani,S “ ^ UCCk are ° ften P rcsont ' and may be the 
b red that ther 1 T ° f *, ““S 1 ™ 1 » -lust be remem- 

A mre fern T* , “ g ! a " d " lar “>"*»»» whatever, 
the tonsib ^ “ a primar >- “afignant endothelioma of 

INDICATIONS FOR OPERATION 
These may be divided up into two headings ■ 

(1) Local conditions in the tonsil 6 

toil bo<ir from tha «° a ° f 

he pi^ tonsillectomy may 

commonly found between the ages of four un'di"' m “i™ 51 
the question of tonsillectomy it most be ? lm COMde ™S 

appear to become euiarged in all cbiidren bet agetof" 
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six. There is often a slight enlargement at puberty, but after that any 
enlargement must be considered as pathological. 

Any chronic local infection of specific or non-specific origin, and 
repeated attacks of acute tonsillitis or quinsy, call for tonsillectomy. 
Tuberculous tonsils should be removed, but gummata are best treated 
with general anti-syphilitic measures. 

Cysts of the tonsil seldom cause symptoms unless they are unduly 
large, but as they are probably the result of chronic inflammation 
tonsillectomy is advisable. 

Most new growths of the tonsil should be treated by tonsillectomy. 

In trying to assess the indications for and against tonsillectomy, 
the age of the patient is of great importance. In the child, more atten- 
tion must be paid to clinical signs and symptoms — such as obstruction, 
enlarged glands, repeated colds and catarrh — than to the appearance 
of the tonsils themselves. In older persons, the comparative severity 
of the operation must he borne in mind. 

GENERAL DISEASES ATTRIBUTED TO ABSORPTION FROM THE TONSILS 

Almost all chronic infections, even though they exist in different 
parts of the body, have been put down to absorption from the 
tonsil. 

When the physician is looking for a primary focus during the treat- 
ment of a difficult and chronic disease, it is only natural that his eye 
should fall upon the tonsil if there arc any signs or symptoms of 
chronic inflammation or of repeated acute inflammations in that 
complicated structure where organisms of all kinds can so readily 
be grown. 

Our present conception of the physiology of the tonsil is incom- 
plete. The writer is studying this problem very closely, but beyond 
the fact that the crypts always contain organisms, and that lympho- 
cytes and leucocytes can be seen wandering through the mucous mem- 
brane lining the bases of the crypts, where they obviously come into 
close contact with these organisms, it is impossible at the present stage 
of our knowledge to be dogmatic. It is probable that the tonsil, at any 
rate in early childhood, enables the body to immunise itself against 
the organisms of its environment. 

As we progress with our civilisation, with its overcrowding and air 
pollution, it seems probable that the sieve-like mechanism of the tonsil 
breaks down and that organisms are allowed to enter the general 
circulation, or that, when organisms find a suitable culture medium in 
the tonsil, the threshold of absorption of toxins is lowered. As an 
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example— acute hemorrhagic nephritis in childhood is often cleared up 

completely by the removal of the tonsils. 

Tonsillectomy is likewise advocated for rheumatism in childhood or 
in the adult, particularly when each attack of rheumatism is heralded 
or succeeded by an acute inflammation of the tonsils. It will be seen 
that tonsillectomy may often be very helpful in some forms of mal- 
nutrition, indigestion, or persistent nse of temperature. In all cases the 
clinician should attempt to link up the general condition with signs of 
chronic inflammation in the tonsil It is interesting to note that toxicity 
of the thyroid gland is often associated with tonsillitis, and that acute 
thyrotoxicosis is often ushered in by an acute infection of the tonsil. 


PREPARATION FOR ALL TYPES OF OPERATION ON TONSILS AND ADENOIDS 

The most important factor in any operation is the patient, and the 
child in particular should be treated like a normal human being. • It is 
well worth while giving attention to the patient’s mental outlook. 
Children are intelbgcnt little people, and may justly demand an 
intelligent outlook on the part of the surgeon, the anaesthetist and the 
nurse. Strange faces and unusual happenings breed anxiety and 
apprehension m the wondering child faced with an adventure into the 
unknown. The •surgeon will rise or fall in the parent’s eyes according 
to the child s rcai tions The adventure should be made something of a 
game, and friendship and understanding should be brought into the 
pre-opera ti\ e atmosphere. The child should be given normal food up 
to the day ot operation, but the fat intake should be limited for the 
preceding (lay or two. A little barley sugar added to the meals is 
helpful, and combats ketosis. A mild aperient should be given the 
mght before if the bowels are not regular. The urine should be tested. 
The last meal should be taken two or three hours before the operation, 
and should consist of a cup of Bovril or a glass of skimmed milk with 
dry toast or plain biscuit. 

It is a good plan to operate upon both children and adults in the 
early morning. In the adult a good night’s rest should be assured. 

The history should be carefully considered, particularly with 
relation to haemophilia or a tendency to bleed. 

Anasthesia. 


tv cry surgeon operating on the nose and throat should have a 
vvorknig knowledge of anasthesia. An intimate and happy co-operation 
helps both surgeon and anaisthctist immeasurably, reduces the time 
.? °" d mm ™«s shock to the patient. It must be remembered 

that both surgeon and anesthetist are working in the same field. 
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If the child i3 apprehensive and of a nervous disposition, a basal 
anaesthetic can be given. Nembutal and avertin are used by some 
surgeons, but by far the safest for children is paraldehyde per rectum. 
The child’s bowel is washed out on the morning of the operation, and 
two hours before the operation is due to start the paraldehyde is intro- 
duced gently into the rectum so that the child will retain it. One 
drachm per stone body weight of paraldehyde in a few ounces of 
saline or of soya bean oil is the dose advocated by Sington. The solution 
should be alkaline. The child goes to sleep in his bed. He can be roused 
on stimulation and has all Ins reflexes, but will remain unconscious of 
his surroundings. There is always a slight rise in pulse-rate with 
paraldehyde, and this must he taken into account, particularly during 
the post-operative period. Used carefully, paraldehyde is absolutely 
safe. A basal antes the tie is contra-indicated in the presence of kidney 
disease or metabolic disturbances. 

Atropin is given hypodermically half an hour before the operation. 
When all is ready for the operation, the anaesthetist induces the child 
with a little ethyl chloride or gas and oxygen. In the operation by dis- 
section in childhood a fairly deep anaesthetic is required, the administra- 
tion of which commands a considerable degree of skill. When a basal 
anaesthetic has been used, the child may struggle a little in a half- 
conscious manner, but will retain no memory of the induction. When 
no basal anaesthetic has been used, patience and an understanding of 
child psychology will be required during the induction if the child is 
not to retain unhappy memories of suffocation. After induction, 
oxygen is bubbled through ether and the gases are carried to the child’s 
pharynx by a length of rubber tubing, to the end of which is fitted a 
hollow metal hook fitting gently into the mouth. When Sluder’s 
method with the guillotine is used, a very short anaesthetic is required. 
As soon as automatic breathing has started, the anaesthetic ceases and 
the operation begins. A basal anaesthetic is usually inadvisable. 

If a skilled anaesthetist is available, intra-tracheal anaesthesia may 
be used with gas and oxygen. As, however, the tube passes through 
the nose and naso-pharynx to reach the trachea it may be obstructed 
by a large mass of adenoid tissue. The tube must be withdrawn before 
the adenoid tissue can be removed, and this is often inconvenient if 
the operation has to be prolonged. 


OPERATION 


Choice of Technique. 

It is a very easy matter for the unskilled operator to leave pieces of 
tonsil behind. Buried tonsils, or tonsils which have been scarred by 
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disease or previous surgery, are best removed by dissection. Adult 
tonsils are best dissected. My own preference is for the method of gentle 
dissection in childhood, first described by Waugh in 1909. This can 
be used for every type of child and tonsil, and answers all requirements. 
It is quick, gentle and efficient, and there is a minimum loss of blood, 
but it requires perfect skill and balance and an appreciation of the 
delicate structures in relation to the tonsil. The beginner may easily 
get into grave difficulties with this operation, and a clumsy operator 
can cause untold damage All too often the operator is launched out 
upon a career of tonsillectomy without adequate preliminary training 
under strict supervision. The pupil must be made to master the art 
of working in the tin oat and must be taught the steps of each operation 
in sequence. In the adult I would advise dissection, but a slightly 
different technique is employed. It cannot be too strongly emphasised 
that although removal of tonsils can be a comparatively simple matter . 
in the hands of the expert, it can become one of the most difficult 
operations in surgery. 


The best technique is that which ensures the best results. 
In children some surgeons prefer the Sluder method of removal 
of tonsils with a guillotine Others prefer Waugh’s method of 
dissection The surgeon should use the technique best suited to the 
individual ease All surgeons develop an individual teclmique, no 
matter what method they employ. Wo are all fashioned in different 
moulds and the balance of our bodies, arms and fingers governs the 
The Id 1,, ' t, 1 Umo " ts w f u f -™ 1 U>« position we adopt at operation, 
of the t T U Jf tl0 , U S abn always at the gentle, clean removal 
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The sister in charge holds the patient. The guillotine is selected, 
according to the size of the child and the tonsil, and held in the right 
hand. The blade is drawn back and the tongue depressed (fig. 2705a). 
The ring of the guillotine is passed under the lower lobe of the child’s 
right tonsil (fig. 2705b). With the thumb or forefinger placed on the 
anterior pillar, the guillotine is brought into a position horizontal with 
the child’s body (fig 2705< ) < are must be taken not to include the 

uvula. At the same tmm the tonsil is pressed into the loupe of 
the guillotine and th»> ring of the guillotine pressed up against the 
thumb. 

It must be remember* d that a large portion of the upper pole of 
the tonsil may be bunrd .md this has to be pushed out into the ring 
if the tonsil is to be removed ( completely (fig. 2705 d). With the pressure 
of both hands maintained, the blade is closed gently but firmly, care 
being taken to avoid the inclusion of the anterior pillar (fig. 2705e). 
The thumb on the antenor pillar can now be withdrawn and can be 
used to assist the right hand in maintaining pressure on the blade (fig. 
2705f). Pressure on the blade must never be relaxed once the blade 
has been closed, as otherwise part of the tonsil will slip out as it is 
withdrawn from its lied. With a sharp upward movement of the 
closed guillotine the tonsil is removed from its bed. The use of the left 
finger to protect the pillars of the fauces as the tonsil is Withdrawn is a 
great advantage (figs. 2705c and 2705H). 

The operator now withdraws the guillotine with the tonsil attached 
to it. The blade is opened, the tonsil placed in a dish, and the surgeon 
now takes up a position facing the child’s feet. The ring of the guillo- 
tine is placed under the lower pole of the left tonsil and the same 
procedure is adopted. 


Both tonsils have now been removed. The child is at once placed 
on his side to allow the blood to drain away. A finger is inserted into 
each fossa to make sure that it is clean and that no extra lobe of 
tonsil has been left behind. A small piece of tonsil will easily grow to 
an alarming size if left behind, and is a source of great disappointment 
both to the parent and to the surgeon, condemning the child to a second 
operation later on. 

The adenoidB have now to he removed. With the child on his side, 
a curette of the St. Clair Thomson type complete with guard is selected. 
A finger in the naso-pharynx will soon tell the surgeon what sue to 

' ri " bc lar6Cly suided b >- ,he toe apart 
The hlade of the curette is passed behind the uvula and the soft 
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palate, until it reaches the vomer. It is gently slid down the vomer, 
keeping to the middle line until it engages the adenoid tissue. With 
the head held steady, and the left thumb as a movable fulcrum, the 
right hand holding the adenoid curette maintains firm gentle pressure 
on the adenoid bed as the blade is drawn through. A sense of touch 
is gradually developed which enables the surgeon to remove the 
adenoid tissue complete with a minimum of trauma, but considerable 
experience is required before this touch is developed. 

The adenoid bed does not form a simple curve. The first half is 
bony, and is fairly flat with the base of the skull. The second, or mus- 
cular half, curves gently upwards towards the base of the uvula. The 
bed is thus concave in a longitudinal direction, but it is also slightly 
convex laterally. The adenoid tissue may slip out of the curette at 
the end of the sweep, but a finger placed on the posterior wall of the 
pharynx will prevent this from happening. 

A short period of brisk hemorrhage now takes place. The finger is 
again placed in the naso-pharynx to ensure complete removal of the 
adenoid tissue, and it will often be found that large folds have been left 
on either side near the Eustachian tubes. Remembering that the bed 
is convex from side to side, these folds, if they be present, are removed 
with a clean curette. Hemorrhage is controlled by douching the face 
with iced water, and the airway must be kept clear of blood by mopping 
this out and keeping the head low. When all haemorrhage has ceased, 
the child is taken to the recovery room and placed on a couch on his 
right side, with the foot of the couch raised. 

It is naturally more satisfactory to admit all cases after tonsillec- 
tomy, for one night at any rate, but it is the practice in some hospitals 
to allow the parents to carry the child home to bed, after careful 
examination to ensure cessation of bleeding and complete recovery 
from anaesthesia. 

Dissection in Childhood. 

A small sand-bag is placed beneath the child’s shoulders. The gag 
is placed between the left molar teeth, the lower jaw gently raised with 
the fingers of the left hand, and the gag opened. Care must be taken to 
ensure that the lips are free. 

Tongue forceps are placed on the child’s tongue in the middle line, 
about | -inch from the tip. Gentleness will greatly dimmish post- 
operative discomfort. An assistant holds the forceps and keeps the 
chin raised. 

A little gauze is placed in each nostril. Where open anesthesia is 
used, this prevents the entry of air through the nose. Should much 
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bleeding follow removal of the adenoids, this will prevent the blood from 
trickling from the nostrils into the eyes. 

The surgeon stands on the light-hand side of the child, bending 
slightly over the mouth. For illumination a headlight may be used, 
or, if the opeiatiou is performed in a clinic, a well-focussed sciahtique 
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of the forceps is gently picked up by fine-toothed forceps held in the 
right hand, and a small tear is made. At once the glistening capsule of 
the tonsil is visible. The closed points of the fine dissecting forceps are 
run gently under the mucous membrane towards the uvula, round the 
upper polo of the tonsil, and down along the posterior pillar (fig. 2706 b). 

The mucous membrane is easily torn through close to its attach- 
ment to the tonsil. The forceps arc withdrawn and the mucous mem- 
brane round the lower pole is separated from the tonsil in the same 
way. All this time a firm grip is kept on the tonsil with the holding 
forceps. The muscle-fibres of the anterior pillar are now gently 
separated from the tonsil. When the capsule has been sufficiently 
exposed, a new grip is taken by holding forceps (fig. 2706c). 

With the help of dry gauze the muscles of the tonsil bed are wiped 
off the capsule and the tonsil eased still further towards the middle line 
by the holding forceps. Care must be taken in wiping off the muscle- 
fibres at the upper pole to prevent injury to the posterior pillar. As 
the tonsil fossa becomes exposed, the paratonsillar veins will often be 
seen, and must be wiped away from the tonsil capsule with great care. 
A gauze swab is gently but firmly placed into the fossa. Dissection is 
often held up by a band of fibres which run from the angle formed by 
the anterior pillar and the tongue, and these should be separated with 
scissors if necessary. Harsh traction on these fibres will buttonhole 
the anterior pillar. A dry swab is eased down the posterior pillar, 
wiping off the remaining muscle-fibres (fig. 2706o). 

The tonsil is now completely enucleated except for its attachment 
by mucous membrane along the tongue. With a gentle twist of the 
left hand this is easily separated. In the majority of cases there is 
extremely little bleeding. As long as the depth of anaesthesia is satis- 
factory, the gauze swab already placed in the tonsil fossa will control 
all haemorrhage. 

The surgeon now changes his position to the left side of the child. 
The holding forceps are held in the right hand, the dissecting forceps 
in the left. The right tonsil is now removed in exactly the same way. 

It is obvious that the surgeon must be to a certain extent ambidex- 
trous for this operation, but skill is easily acquired with practice. 

Both tonsils have now been removed, and each tonsil fossa is already 
fairly firmly packed with a gauze swab. 

Throughout this operation the airway must be kept clear. This is 
of primary importance. If the anaesthetic is too light, the child will 
gag and the gauze swabs will not be retained in the tonsil fossa. Trouble- 
some bleeding may result, and the surgeon must always control this 
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bleeding with the use of swabs, held firmly in the forceps, until the 
anaesthetist can get the child quiet again. 

The surgeon now sits at the head of the table and examines each 
fossa in turn. If a small remnant of tonsil is present this is removed, 
and if the lingual fold has been left behind during dissection this is 
now removed by grasping it with the holding forceps and gently 
separating it with dissecting forceps. 

All bleeding points must now be found and ligatured. In the major- 
ity of cases in childhood there is no need whatever to ligature bleeding 
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with practice, and is worth acquiring because it reduces the time and 
danger of the operation. 

The surgeon now proceeds to remove the adenoids. The writer 
prefers to have the child well under the anaesthetic for this part of the 
operation. If the naso-pharyngcal sphincter is relaxed, there is less 
danger of tearing the superior constrictor, bleeding can be more readily 
controlled, and the operation more accurately performed. 

A finger is first placed under the soft palate and the adenoid bed 
palpated. I use a curette of the St. Clair Thomson or Twistington 
Higgins type. No guard is used, and the blade must be kept 
extremely sharp. The size of the curette required is determined 
by the distance apart of the Eustachian tubes. The blade of the 
curette is passed under the soft palate until it reaches the vomer. The 
curette is held in the right hand and gentle pressure is exerted in a 
downward position. The left thumb forms a movable fulcrum, and 
the blade is swept gently forwards and upwards through the adenoid 
bed. The adenoid tissue can often be brought out balanced ou the 
bare blade, or is picked out of the naso-pharynx with forceps. 

Haemorrhage is sometimes brisk, but can he controlled by packing a 
swab quickly into the naso-pharynx and pressing downwards at a point 
opposite the base of the uvula where the two large veins run between 
the heads of the longus capitis muscle (see fig. 2703c). 

Any folds of adenoid tissue left behind are now removed by running 
the blade of the curette under each Eustachian tube, great care being 
taken not to injure the tubes in any way. A search is made for intra- 
nasal extensions of adenoid tissue. 

Reference to the surgical anatomy of the adenoid bed will be of the 
greatest assistance (sec figs. 2701 and 2703). 

When all haemorrhage has ceased, a nasal catheter may be passed 
down each nostril to make sure that the airway is clear. The anaes- 
thetic can usually be stopped as soon as the adenoid tissue has been 
removed, and plain oxygen given whilst the surgeon is waiting for all 
haemorrhage from the adenoid bed to stop. 

A finger is now placed down towards the larynx, into each tonsil 
fossa and into the naso-pharynx, to make sure that no swabs have been 
left behind. If the surgeon makes this examination a habit it will 
save him endless worry. The gag is now removed, and the child is 
placed on his right side — upper leg strongly flexed, lower leg extended 
— and is carried hack to bed. A nurse should be in attendance until 
the child has fully recovered from the anaesthetic, and this is very 
important in children who have had some form of basal anaesthesia. 
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The tongue forceps should be kept on until all reflexes have 
returned. Saliva should be mopped out. 

If preparation has been adequate, children seldom vomit, but great 
care must be taken to keep the airway clear if vomiting takes place 
before complete consciousness has returned. 

TONSILLECTOMY IN THE ADULT 

This is almost invariably performed by dissection, and in this 
country general anaesthesia is most commonly used. The anaesthetic is 
administered by the endotracheal route, the tube passing through the 
nose. Gas and oxygen with a little ether is very satisfactory in skilled 
hands. If a Boyle-Davis gag is used, endotracheal anesthesia is not 
essential, and 0, bubbled through ether, with perhaps a little chloroform, 
can be administered down the metal tube attached to the tongue-piece of 
the gag. The anesthetist should aim at having the field of operation well 
relaxes), thus enabling the surgeon to control bleeding much more easily. 

mere endotracheal anesthesia is used, the hypo-pharynx may be 
packed off with a gauze swab, but if open anesthesia is used the sur- 
geon must always bear in mind that blood can easily enter the larynx 
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The tonsil is now attached only at the base of the tongue and further 
dissection will free it completely. A snare may be used at this point 
for separating the tonsil from the tongue. It must be remembered 
that the blood supply enters the tonsil itself at a point marked II in 
figure 2708. 

The veins of the tonsil bed (fig. 2709) lying outside the capsule of 
the tonsil are easily torn in cases where there has been chronic sepsis 
with fibrosis. Particular attention must be paid to bleeding points 
which appear surrounded by fibrous tissue, because these vessels do 
not retract easily and their mouths are held open by the fibrous tissue. 
Veins such as these give rise to reactionary haemorrhage. When ligatur- 
ing vessels, care must be taken not to let a vein retract beneath muscle- 
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fibres as it is sometimes extremely difficult to find the bleeding point, 
and it is therefore advisable to tie them oS as soon as they are 
seen. 

When all bleeding has been stopped, the instruments change hands 
and the second tonsil is similarly removed. Care must be taken not to 
leave any swabs behind in the tonsil fossae or naso-pharynx, and all 
haemorrhage must have ceased from both fossae before the gag is 
removed. 

The patient is then placed on his side, tongue forceps are placed on 
the tongue, and the airways kept clear while he is recovering from the 
anaesthetic. If endotracheal anaesthesia is used he can go back to bed 
with the tube in place, this being removed later by the anaesthetist. 

Operation by Diathermy. 

Malignant new growths are, of course, dissected out by the dia- 
thermy knife, leaving an adequate margin between the growth and the 
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adjacent normal tissues, but the diathermy knife is sometimes used for 
dissection in cases when no malignant growth is present. It has certain 
advantages in that bleeding is more easily controlled, but the surgeon 
must be on the look-out for secondary haemorrhage. Unless great care 
is used, rather more scar tissue will be found during the process of heal- 
ing than is the case after dissection with the usual instruments. When 
using diathermy for malignant growths it is advisable to ligature the 
external carotid on the affected side. Where new growths of the tonsil 
can be removed by diathermy without severe injury to the pharynx 
and subsequent loss of function, this is probably the safest method of 
treatment. If, on the other hand, the patient is likely to be left 
severely crippled by an extensive removal, it is wisest to use irradiation 
by radium or deep X-rays 


Destruction of the tonsil by diathermy, as opposed to its dissection 
by the diathermy knife, is sometimes advocated. It must be 
remembered that only a relatively small part of the tonsil can be 
destroyed at a time, and that the patient mil have to undergo five 
or SIX applications at different sittings. The operation is usually per- 
T an * sthcs,a - h is a method used chiefly in patients 
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sensitivity of some patients to cocaine, ami of others to the injection 
of novocaine into the tissues, there is always the risk of the patient 
losing his nerve during a severe haemorrhage. 

POST-OPERATIVE COMPLICATIONS 

(1) Hemorrhage. This may be primary, reactionary, or secondary. 
If all bleeding points are properly ligatured, primary haemorrhage 
should not occur. In all cases of tonsillectomy a half-hourly pulse 
chart should be kept by the nurse. Primary and reactionary haemo- 
rrhage usually occur after difficult anaesthesia, particularly when 
cyanosis has been present during the operation. Good oxygenation of 
the patient is therefore essential during the whole operative period. 

It is sometimes difficult to ascertain whether haemorrhage is taking 
place in a child after the removal of its tonsils. It is just as well to 
remember that in a child who is bleeding after the removal of tonsils 
and adenoids, the blood must be in one of two places : It will either 
ooze out of the mouth or nose where it will be easily recognisable, or 
it will be swallowed and remain in the stomach, whence it is usually 
vomited from time to time. The writer knows of a case where haemo- 
rrhage was missed until blood was passed per rectum. Although, in 
this case, the pulse-rate went up and the child was blanched, the nurse 
had not reported the rise to the R.M.O., because she was quite certain 
that there had been no visible bleeding from the mouth or nose, and the 
child had not vomited. 

A child who is bleeding is usually restless, and if closely watched 
will be seen to swallow from time to time. If, after careful examination 
of the throat, the surgeon is in doubt, a finger on the back of the tongue 
will usually make the little patient vomit, and the presence of blood 
in the vomit will confirm the suspicions of haemorrhage. 

All vomited matter should be kept until examined by a responsible 
person, and any sign of bleeding should be immediately reported to 
the surgeon. Children cannot afford to lose much blood, and if bleeding 
is suspected immediate measures must be taken to control haemorrhage. 

If bleeding is coming from the adenoid bed, a gauze swab placed in 
the naso-pharynx for a few hours will stop the loss of blood. No 
anaesthetic is, as a rule, necessary, but the gauze must fit snugly into 
the naso-pharynx as otherwise it will become dislodged. A piece of silk 
thread may be attached to the gauze swab. 

If haemorrhage is taking place from the tonsil beds, it is wisest to 
give the child a second anaesthetic immediately. It is usually an easy 
matter to find the bleeding point and arrest the haemorrhage with a 
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ligature, and children tolerate a second anaesthetic of plain ether very 
well. Blood can be Slicked out of the throat with a suction apparatus 
during induction. 

If the decision to give a second anaesthetic is delayed too long, the 
child may he in grave danger and a blood-transfusion may be necessary 
after the vessels have been ligatured. 

In the adult suffering from primary or reactionary haemorrhage 
from the tonsil bed, it is often more satisfactory in the long run to 
ligature the bleeding points under a second anaesthetic. If an adult is 
given morphia or some other sedative on coming round from the 
anesthetic after removal of tonsils, reactionary hemorrhage seldom 
occurs. In some cases of slight hemorrhage following tonsillectomy, 
morphia will quieten the patient and hemorrhage will cease. Local 
application of gallic and tannic acid, or the use of a tonsil clamp, may 
be tried after the clot has been cleaned out from the tonsil fossa. The 
surgeon will seldom regret a decision to take the patient back into the 
theatre, where hjemorrhage can be speedily and accurately stopped by 
ligature, unless he waits too long before making up his mind. 

Secondary haemorrhage usually occurs on or about the sixth day 
and is due to infection in the tonsil bed. Secondary hasmorrhage is 
seldom dangerous, although it can be very alarming to the patient. 
It is best treated conservatively because it is often a matter of extreme 
difficulty to ligature a bleeding vessel in a mass of necrotic tissue. 

(2) Septicemia. This is fortunately a rare complication. If due 
care is taken to avoid operation during an acute infection, septicaemia 
should not take place. In a hospital ward patients occasionally develop 
septicaemia after tonsillectomy if they are nursed in contact with 
patients suffering from tonsillitis or sinusitis. 

(3) Lung Abscess. This is a very rare complaint in this country. 
Its appearance is more common where local anaesthesia is used 
extensively. 

(4) Middle Ear Disease and Mastoiditis. The ear should not become 
infected after adenoidectomy or tonsillectomy, but very occasionally, 
if the child has come in contact with cases of infection during its 
recovery period, otitis media develops. 

(5) Exanthemata. Children, following tonsillectomy, occasionally 
develop scarlet fever, measles, or whooping-cough. It is difficult in 
these cases to be certain whether or not the child was incubating these 
diseases at the time of operation. 

Two cases have been reported (Collis) where two children related to 
one another developed an acute form of scarlet fever and died within 
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three days of tonsillectomy. They had both been in contact with a 
virulent case of scarlet fever the day before the operation. 

Every care must therefore be taken to avoid operating upon 
children with recently-developed colds or pyrexia. 

(6) Tonsil ami Adenoid Remnants. Very little benefit will be gained 
from the operation unless the tonsils and adenoids are removed effi- 
ciently. This question has already been dealt with fully. If the nose 
and throat are examined very carefully at the time of operation, 
remnants will not be left behind. Small remnants grow rapidly, become 
infected, form abscesses and scar tissue, and are often a worse menace 
to health than untreated tonsils and adenoids. Even in these days, one 
so often hears of children undergoing two, three, or even more opera- 
tions for the removal of their original tonsils and adenoids. Surely this 
is nothing short of a disgrace to the medical profession. It is unfair to 
the child, innocently unaware of surgical weaknesses, and it is unfair 
to those who have placed in the surgeon’s hands the greatest of all 
human trusts— the health and happiness of a little child. 
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TONGUE, MOUTH AND LIPS 


CHAPTER I 

Embuyologv and Anatomy of the Mouth and Tongue 

DEVELOPMENT 

Between the overhanging head and the pericardium of the developing embryo 
is formed the oral recess. The floor of the recess comes in contact with the anterior 
prolongation of the foregut, and the junction of the ectoderm of the former with 
the endoderm of the latter forms the primitive bucco-pharyngcal membrane. 
This becomes perforated in the third week. The ectoderm gives rise to the 
characteristic squamous-celJed epithelium lining the mouth, and the original 
columnar ciliated epithelium of the endoderm is transformed into the epithelium 
covering the posterior part of the tongue and the adjoining portions of the 
pharynx and pillars of the fauces. At the same time as the bucco-pharyngeal 
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membrane perforates, there appear the mandibular and maxillary processes. 
The mandibular processes grow forward from the wall of the primitive pharynx, 
one on each side, to meet and fuse in front. Immediately behind the union of the 
two mandibular processes, in the mid-line of the floor of the oral cavity, a mass of 
mesodermal tissue grows upwards ; this is the tuherculum impar from which a 
part of the anterior or buccal part of the tougue is developed — the area in front of 
the foramen caicum and the V of the circumvallate papiite (fig. 2710). The 
lateral and posterior portions of the tongue develop from the fusion of the two 
lateral lingual tubercles which are derived from the second, third, and possibly 
the fourth branchial arches. 

The musculature of the tongue is derived from somites around the neural 
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between the first arid Seccud Lrarchia] archer ia the third *eet 'With the increase 
ia length of the neck the thyroid tubercle elongates, and be Ik*: he level of the hyoid 
tone tt forms the pyramidal Wte. the isthmus and the greater part of the lateral 
lobes of the thyroid gland. XojrasUy the thyroid tissue above the pyramidal 
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It is of clinical interest and of practical importance ia the consideration of 
surgical diseases oi the tongue to sub-divide the organ into various anatomical 
sections. The tongue consists of the foHo*ing parts t (l) the lohj of the tongue, 
forming the main ca» of the organ, and m a de up of bundles of muscular fibres ~ 
(2) the derm ii*. *uich faces the palate and pnaryai ; (3) the bwe of the tongue, 
that pertioa «hich is attached to the hyoid bone ; (4) the apex, or tip, the free 
anterior extremity; (5) tne laUral n-arj ,nt, or borders from the tip to the anterior 
pillars of the fauces ; and (6) the inferior part, facing the door of the mouth. The 
deny m of the tongue etaLryo’ogicaUy, ia structure and ia function, can be sub- 
divided into t«o parts: {a) the anUricr or era! irfc^h extends frcui the tip 
to the V of the circumvalLrte papillae, and (5) the fdtrior or jJxcryr^al part 
comprising about cue-third of the tenure. *Lkb faces the pharynx and the epi- 
glottis and includes a recess, the rsiZtcufo, subdivided into right and left bv the 
central gJcieo-epigicttidean fold and the t*o lateral pharyng&^pigktticbaa folds. 
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Musculature. 

Tlie main mass of the tongue is composed of intrinsic muscles ; these are 
arranged in three directions : longitudinal, vertical, and transverse. The 
extrinsic muscles of the tongue arc four in number : (1) genio-glossus ; (2) hyo- 
glossus ; (3) stylo-glossus ; and (4) glosso-palatinus. The extrinsic muscles 
together with the mylo-hyoid and digastric form the floor of the mouth. The nerve 
supply to the lingual muscles is derived from the hypoglossal nerve, with the 
exception of the palato-gloasus which is supplied by the spinal accessory nerve 
through the pharyngeal plexus. 

Epithelial covering. 

The differentiation of the tongue into two portions, anterior and posterior, 
which has been already referred to on cmbryological grounds, is further main- 
tained by the difference in the epithelial covering. The anterior part of the dorsuni 
of the tongue is covered with mucous membrane of a specialised epithelial 
character : it is thick and stratified and covered by numerous papilla) not unliko 
those of the akin. There are three varieties of specialised lingual papilla) : (1) 
Circumvallatc papilla.’ which form a V-shaped row at the junction of the anterior 
and posterior parts of the tongue ; the apex of the V is at the foramen caecum 
(fig. 2712). They consist of about a dozen large circ ilar plateaux, surrounded by 
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. groove ; at the periphery of the vallum the mucous membrane U raised 

^SeSd^e^ 

dotsum of the tongue (Eg. 27 13). (3) Amongst the fihfotm papitte ate scattered 
larger vascular papOlar, the fungifam papiils. A few Selous gUnds are found 
amongst the papdle. The fOSUHcr part of the tongue, behind the A , Is cotered 
bv stratified epithelium which is devoid of papilla! but covered by numerous 
bmphoid nodules foimrng email ncdular masses known as the lingual tonsils ; 
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these ncdules contain lymph follicles. The lateral margins of the tongue are cohered 
with papill® s.nnlar to those found on the dorsum. At the posterior ends of the 
lateral borders, in front of the anterior pillar of the fauces, are found a group of 
large ncdults known as the fchate papillae. They are part of the normal gustatorv 
apparatus. They are cotered with mucous membrane, vary m size and in the 
number of lobulations, and extend oxer an area of about one square centimetre. 
Their ncimal appearance varies 6cm a slight elevation to a definite aggregation 
of four or more nodes separated by vertical folds of mucous membrane? Histo- 
logical sections reveal the usual coverings of stratified epithelium, the presence of 
taste goblets and, in seme cases, lymphoid follicles. In the majority of people the 
piescnce of well-developed papillae is ignored, but occasionally either the patient 
or his medical attendant fceccmes aware of them existence frem a casual inspection 
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of flic mouth or from slight discomfort due to inflammrtion. At times the 
hypertrophy of the papilla! gives rise to a suspicion of the presence of an early 
neoplasm As a matter of fact, there is no special predisposition to malignant 
hyperplasia in the foliate papillae. Hypertrophy is either congemtal in origin, 
when the gustatory apparatus is overdeveloped, or inflammatory , when the lym- 
phoid tissue, which is part of the normal structure, is affected. It is chiefly the 
latter type which causes the patient to seek advice. The clinical history 
of such cases is that following an attack of tonsillitis or pharyngitis discomfort 
is noticed in the lateral aspects of the tongue ; it never amounts to actual pain 
and the symptoms are slight. It oeeu.s in both sexes, in middle-aged people 
and on examination it is found that the papilla) are somewhat mdematous and 
the mucous membrane may be reddened. The importance of this condition is the 
differential diagnosis. The characteristic site, the extent of the papilho, an 
facts that they are bilateral, that the mucosa is intact, and that no induration 
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felt on palpation should be sufficient to show the true nature of the condition 
Treatment should be confined to u mild mouth-wash or to one or two local 
applications of tincture of iodine. . ... , 

The rest of the mouth-checks, gums and palate-is lined with stratified 
epithelium containing microscopic vascular papillae Thecouneciae issue cori 
contains large numbers of small secretory glands ; the majority o ese are 
gland,, but here and there scattered in the mucosa of the palate and cheeks are 
glands of mired type similar to the salivary glands. Those are the origin of 
mixed mucous and salivary tumours which are from time to tune found m the 
palate, lips and check, either along with or In conjunction with parotid 
submaxillary mixed tumours.. , 

He Inferior Surface of the Tongue and Floor of the Mouth. , 

The under-surface of the tongue is devoid of papdla.and.ai covered by a. smooth 
shining mucous membrane (fig. 2714). A fold of the mucosa rouace ntraUy from 
the under-surface down to the floor of the mouth, an r0 “ ,j 

aspect of the mandible ; this is the frenun. On each side of the h 

openings of Wharton's duct. The ducts of the sublingual glands open along th 
floor of the month on each side. Two fringed folds of mucous membrane are 
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. o,»w gmove ; a. the periphery of Ac vallum the mucous 
In the epithelium covering the sides of the vallum and the sales oftho vallate 
papillae are embedded taste-buds which teceive the terminal filaments of the 
Srvngeal nerve. (2) Conical papilhe often fringed tnth epdhehal fiUmente. 
LllSce known as the /life™ papillm, cover the rest of the anterior part of he 
dorsum of the tongue (fig. 2713). (3) Amongst the fikfoim papdle are sca ttered 
larger vascular papOhe, the /.rjiferm papDhr. A few serous ghmds -re found 
amongst the papilla!. The posterior part of the tongue, behind & U covered 
bv stratified epithelium which is devoid of papilla! but covered by numerous 
hmphoid nodules forming small nodular masses known as the lingual tonsils ; 
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these nodules contain lymph follicles. The lateral mar gins of the tongue ere covered, 
with papillae s-milar to those found on the dorsum. At the posterior ends of the 
lateral borders, in front of the anterior pillar of the fauces, are found a group of 
large nodules known as th e foliate papillae. They are part of the normal gustatorv 
apparatus- They are covered with mucous membrane, vary in size and in the 
num ber of lobulations, and extend over an area of about one square centimetre. 
Their ncrmal appearance vanes freni a slight eleiation to a definite aggregation 
of four or more nodes separated by vertical folds of mucous membrane. Histo- 
logical sections reveal the usual corerings of stratified epithelium, the presence of 
taste goblets and, in seme cases, lymphoid follicles. In the majority of people the 
presence of well-developed papilla! is ignored, but occasionally either the patient 
or his medical attendant teecm-s aware of their existence frema casual inspection 
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of the iivjuth or from slight discomfort due to inflammation. At times the 
hypertrophy of the papillae gives rise to a suspicion of the presence of an early 
neoplasm. As a matter of fact, there is no special predisposition to malignant 
hyperplasia in the foliate papillae. Hypertrophy is either congenital in origin, 
when the gustatory apparatus is over-developed, or inflammatory, when the lym- 
phoid tissue, which is part of the normal structure, is affected. It is chiefly the 
latter type which causes the patient to seek advice. The clinical history 
of such cases is that following an attack of tonsillitis or pharyngitis discomfort 
is noticed in the lateral aspects of the tongue ; it never amounts to actual pain 
and the symptoms are slight. It occurs in both sexes, in middle-aged people, 
and on examination it is found that the papilla? are somewhat ccdematous and 
the mucous membrane may be reddened. The importance of this condition is the 
differential diagnosis. The characteristic site, the extent of the papilla?, and the 
facts that they are bilateral, that the mucosa is intact, and that no induration is 
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felt on palpation should be sufficient to show the true nature of the condition. 
Treatment should be confined to a mild mouth-wash or to one or two local 
applications of tincture of iodine. 

The rest of the mouth — cheeks, gums and palate — is lined with stratified 
epithelium containing microscopic vascular papilla;. The connective tissue corium 
contains large numbers of small secretoiy glands ; the majority of these are mucous 
glands, but here and there scattered in the mucosa of the palate and cheeks are 
glands of mixed type similar to the salivary glands. These are the origin of the 
mixed mucous and salivary tumours which are from time to time found in the 
palate, Ups and cheek, cither along with or in conjunction with parotid or 
submaxillary mixed tumours.. 

The Inferior Surface of the Tongue and Floor of the Mouth. 

The under-surface of the tongue is devoid of papilla; and is covered by a smooth 
shining mucous membrane (fig. 2714). A fold of the mucosa runs centrally from 
the under-surface down, to the floor of the mouth, and from there to the inner 
aspect of the mandible ; this is the frenum. On each side of the frenurn are the 
openings of Wharton’s duct. The ducts of the sublingual glands open along the 
floor of the mouth on each side. Two fringed folds of mucous membrane are 
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situated on each side of the median raphe on the under-surface of the tongue ; 
these are the Embedded in the under-surface of the tongue, 

posterior to the apex, and on each side of the middle line is a senes of mixed serous 
and mucous glands opening bp numerous ducts ; these are the glands of Illandin 
and Xuhn. 

Vascular Supply of the Tongue. 

The linmial is the main artery of the tongue. It arises from the external carotid 
arterv in the angle formed hy the posterior belly of the digastric and the edge of the 
stemo-mastoid muscles. It passes forward deep to the hyo-glossus muscle and sub- 
divides into the sublingual, the ranine, the dorsalis lingual, and the artery to the 
sublingual gland. There is practically no anastomotic vessel between the t wo sides. 
The lingual artery may he ligatured at its junction with the external carotid 
(g„ 2715). It is exposed to view hy dividing the skin, subcutaneous structures 
and deep fascia, and retracting the stemo-mastoid backwards and the posterior 
belly of the digastric forwards and upwards ; the vessel lies behind the tip of the 
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great cornu of the hyoid bone. Ligation of the lingual at the edge of the stemo- 
mastoid is preferable to ligation in the digastric triangle, as the latter does not 
always secure the vessel proximal to the origin of the dorsalis linguae branch. 
The blood supply to the gums, the teeth, and the buccal mucosa and palate is 
derived from the internal maxillary artery. It can be controlled by ligaturing the 
external carotid. The venous return from the tongue and mouth runs to the°sub- 
maxillary region and the anterior triangle of the neck between the superficial 
and deep fascia or beneath the deep fascia. The vessels begin as vena comites 
and are sub-divided into three main groups: tributaries to the internal jugular, 
the external jugular, and the anterior jugular veins. The anterior facial vein 
recenes blood from the face, lips and chin, and lies m the proximity of the facial 
artery near the free border of the mandible; between the layers of the fhscia 
covering the submaxillary gland it joins tributaries of the anterior and the external 
jugular veins. The main venous return from the tongue is provided by the ranine 
v erns, which join the lingual veins and the dorsalis lingua* vein and form a common 
trunk which opens into the internal jugular. 
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Sene Supjdy to the Mouth and Tongue 

Special Sense-Taste. 

The gustatory organs are the taste goblets ; they are epithelial organs placed 
between the basement membrane and the squamous surface layers. They arc 
found here and there in the general mucous membrane of the tongue, but more 
frequently at the sides (near the papilhc folia tas), at the back (near the circurn- 
vallatc V), and upon the buccal surface of the soft palate and the epiglottis. They 
are flask-shaped, with a short neck which opens at the outer gustatory pore. The 
middle of the goblet is occupied by long spindle-shaped epithelial cells with deeply- 
staining nuclei of granular protoplasm ; these gustatory cells are prolonged into 
a rod, the tip of w hyh enters the inner gustatory pore. Sustentacuhr cells are 
placed around the gustatory cells. The base of the taste goblet receives a branch of 
the glosso-pharyngeal nerve. The afferent nerves of taste penetrate the goblets and 
end in apposition with the gustatory cells Division of the afferent nerves results 
in the degeneration of the goblet cells and their replacement by squamous epithel- 
ium. From the anterior liro-lhinhs of the tongue the afferent nerves of taste pass 
up the chorda tympani with the lingual nerve to the stylo-mastoid foramen. 
Higher up mthe aqucductus Kallopii thechorda Umpani runs with the facial nerve ; 
at the geniculate ganglion the afferent taste fibres take two courses to reach the 
glosso-pharyngeal nucleus : Most fibres pass up in the nervus intermedius to the 
dorsal nucleus of the facial ; the remainder pass at the geniculate ganglion into 
the superficial petrosal ncr\e, thence to Meckel's ganglion, and by the second root 
of the fifth ner\c and its main root to the dorsal nucleus of the facial. From the 
posterior part of the tongue and from the soft palate the afferent nerves of taste go 
'nth the glosso pharyngeal. From the epiglottis the taste fibres puss through the 
superior laryngeal branches of the vagus, which include fibres running into the 
glosso-pluiryngcal root. 

Sensory Serves. 

The common sensations of touch, pressure, temperature and pain in the anterior 
two-thirds of the tongue, the buccal mucosa, the palate and the lips are supplied 
by the maxillary and mandibular divisions of the fifth nerve. Common sensation 
and pain can be temporarily abolished by division of the lingual nerve. It can be 
ansesthetised by injection of alcohol or novocaine between the mucous membrane 
of the cheek and the internal pterygoid muscle, w here it runs with the inferior 
dental nerve. The glosso-pharyngeal nerve is the afferent nerve of common sensa- 
tion, touch, temperature and pam, and also of taste, in the posterior third of the 
tongue, the soft palate, the uvula, and the pillars of the fauces. Referred pain in 
the ear from lesions in these situations is transmitted by the tympanic nerve of 
Jacobson. 

Motor Nerves. 

The motor supply of the tongue is through the hypoglossal nerve. The nerve 
mcludes afferent fibres — proprioceptive — transmitting impulses relating to position 
from the muscles of the tongue. In the neck the nerve is joined by autonomic 
efferent nerves — vasoconstrictors to arterioles. The main trunk of the hypo- 
glossal nerve hooks round the occipital artery, passes under the stylo-hyoid and the 
posterior belly of the digastric, crosses the digastric triangle, and sub-divides to 
supply the several muscles of the tongue where it terminates. The descendeas 
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hvpoglossi forms with anastomosing branches of the second arid third cervical 
nerves the ar.-a hvpojdossi which supplies the motor fibres to the depressors of the 
fa void. The genio-hvo-glceJ muscles move the tongue forwards and downwards, 
the hvo- y dossi backwards and upwards ; the stylo-glo&si lift the base of the tongue 
upwards and backwards. Of the intrinsic muscles, the lonffltud m a le s shorten the 
tonzue. pulling it up or down ; the transverse muscles narrow the tongue ; the 
vertical muscles flatten the tongue out. When the mandible is fixed, the genio- 
hvjvglossi and the byo-glo&si raise the hyoid bone. Division of the hypoglossal 
nerve produces paralysis of one half of the tongue, followed by hemiatrophy; 
deviation of the op of the tongue to the paralysed side accompanies any attempt 
to protrude the tongue ; at rest the tongue is drawn over to the sound side ; the 
paralysed side is smaller and crinkled, and show3 fibrillary movements : speech is 
affected, and the patient has the sensation of a foreign body in the mouth. Sense 
of touch or taste is not affected. Afferent fibres are present in the hypoglossal 
nerve. They are believed to have the proprioceptive function relating to position. 

Lymphatic Supply of the Mouth and Tongue 
The lymphatic drainage of the tongue and mouth consists of : ( 1 ) Lymph nodes 
situated in a circular fashion at the posterior part of the mouth ; (2) the lymphatic 
vessels originating in the mscoa of the cheeks, palate, gums, floor of mouth, 
and tongue ; and (3) the cervical lymphatic glands, 

(1) The lymph nodes form a ring consisting of the faucial tonsil, the pharyngeal 
tonsil and the lingual tonsil ; the latter is spread over a wide area of the base of 
the tongue between the epiglottis and the circcmvalZate papfll* and outwards 
towards the foliate papule. The presence of the lymphoid tissue is of importance 



4977 


TONGUE, MOUTH AND LIPS 



in the interpretation of the histological apj>carances of malignant growths in that 
area, and their differentiation, even microscopically, into carcinoma and sarcoma 
is sometimes very difficult. The lymphatic follicles in the posterior part of the 
mouth arc radio-sensitive, as are also the tumours which arise in them. They arc 
very frequently the seat of lesions in lymphatic leukaemia. 

(2) The lymphatic vessels (fig. 2716). In the tougue there are three groups 
of lymph-vessels : (a) anterior ; (6) middle ; and (c) posterior. There is a free com- 
munication between the anterior and middle groups both with one another and 
with the opposite side ; the posterior group is a separate entity. The anterior 




4978 POST-GRADUATE SURGERY 

group drains the tip of the tongue and the inferior surface of the free portion. It 
also drains the upper and lower lip, the frenum, and the mucous membrane of 
the gums. These lymphatic vessels perforate the mylo-hyoid muscle and terminate 
in the submental lymphatic glands. The middle group of the lingual lymphatic 
vessels drains the anterior two- thirds of the tongue excluding the tip ; they end 
partly in the submaxillary glands and partly in the inner group of the upper deep 
cervical glands. The posterior group drains the pharyngeal portion of the tongue 
and passes to the upper deep cervical glands (see figs. 2716 and 2717). Host of the 
superficial and deep lymphatics of the buccal mucosa drain into the submaxillary 
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glands ; some end directly in the deep cervical glands and some in the pre-auricular 
glands. The soft palate and uvula drain into the retro-pharyngeal glands as well 
as in the deep cervical glands (see fig. 2718). 

(3) Cervical lymphatic glands (fig. 2719). The lymphatic glands draining the 
oral cavity and the tongue consist of the following groups : (a) Submental lym- 
phatic glands. These lie on each side of the middle line below the chin, deep to the 
platysma, on the mylo-hyoid muscles, between the anterior bellies of the two 
digastrics. Efferent vessels drain into the submaxiUary, the upper and the lower 
deep cervical glands, (6) The submarillary lymphatic glands. These lie deep to the 
deep fascia in intimate relation to and within the capsule of the submaxillary 
salivary glands. A gland belonging to this group is also found on the facial vessels 
where these become superficial, (c) The deep cervical glands (see also page 4124). 
These form a chain along the vascular bundle of the neck ; they lie in front of, 
behind, and underneath the stemo-mastoid muscle. Those in front of the 
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sterno-jnastoid commence deep to the parotid gland ; small glands arc also 
found deep to the capsule of the parotid. The glands extend along the 
carotid sheath, along the posterior belly of the digastric, and deep to it ; they 
can bo distinguished as two chains, an inner and an outer, and form the 
upper deep cervical glands ; they vary in size, hut a big gland is nearly always 
present at the level of the bifurcation of the carotid. The intimate relation to 
the internal jugular vein and the stemo-mastoid muscle makes it imperative 
to remote these two structures if an adequate clearance of the cervical lymphatics 
is to be achieved. Immediately above the omo-hyoid is a large lymphatic gland 
closely connected with the internal jugular vein ; this gland receives efferent 
lymphatics from the submental glands. The Jouer ilcep cervical glands are the 
continuation of the upper group and anatomically are separated from it by the 
omo-hyoid muscle ; these glands are situated at the junction of the anterior and 
external jugular veins with the internal jugular. 



CHAPTER ir 

Examination of the Mouth and Tongue 

The e xamina tion of the mouth and tongue should be undertaken on definite lines 
so that no important data may be omitted. A good artificial light is essential. A 
head-mirror or a small electric pencil-light must be available. Laryngeal mirrors 
of suitable size, spatuke, linen squares, a spirit lamp, and a 13 per cent solution 
of cocaine in a spray are required. 

The history of the ca*e is obtained Important points to note are : duration 
of symptoms, of onset, initial symptom, rate of progress of the disease, the 

presence or absence of pain, salivation, bleeding, difficulty in swallowing or breath- 
ing, cough, and alteration in sense of taste. An enquiry should be made as to a 
past history of syphilis, excessive smoking, or undue indulgence in alcohol. 

Inspection of the Mouth. 

A careful examination of the patient’s mouth is made. At first a general view 
of the mouth and teeth is obtained. If artificial teeth are \\ orn by the patient they 
should be inspected in «/u and a note made of a roughness of the plate, or of 
pressure of the dentures on the gums or tongue. The plates are then removed and 
examined The mouth is inspected ; theflooroftbemouth, theTOof,and the buccal 
mucosa are scrutuused ; the outer and inner aspects of the gums and teeth are 
examined ; mobility of the tongue is tested ; the dorsum of the tongue is dried with 
a square of gauze and the papilke are inspected. The tongue is next depressed with 
a spatula and the tonsils, pillars of the fauces, uvula, palate, and posterior pharyn- 
geal wall are passed in review. With the aid of a mirror the posterior part of the 
tongue, vallecula, epiglottis, larynx and pyriform fossje are examined. If mucus, 
pus. saliva or blood obscures the view, the patient is asked to rinse his mouth, 
clear his throat, and swallow some water, after which the examination is repeated. 
If the examination is difficult owing to the presence of a painful lesion, the mouth 
and throat should be sprayed with a 15 percent solution of cocaine and any painful 
fissure or other lesion should be dabbed with a pledget of cotton wool dipped in the 
cocaine solution. This will render a thorough examination possibb in most cases. 

Palpation of the Mouth 

With a gloved finger the tongue and buccal mucous membrane should be 
palpated , special attention is paid to the consistency of the tongue, and any 
induration m the substance of the tongue, the cheeks o r the floor of the mouth 
« noted. Bimanual palpation of the floor of the mouth gives useful information. 
No examination of the mouth is complete without a careful palpation of the neck. 
Tins is earned out systematically, the anterior, posterior and submaxillary triangles 
being felt, as well as the supraclavicular fossa. Special attention is paid to°the 
submental area, where small enlarged glands are easily missed. The two sides of 
the neck are compared and any abnormality noticed. If enlarged glands are 
present, their distribution, size, consistency, and mobility or fixation are noted. 

49sU 
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* Radiological Examination. 

Skiagrams of the lower jaw anti teeth should he taken if there is any doubt 
as to the diagnosis or the condition of the jaw. A skiagram of the epiglottis, 
vallecula and tongue in an antero-lateral view with air in the pharynx gives addi- 
tional help as to the configuration, size, and position of the back of the tongue. 

A general examination of the patient should never be omitted, as cases 
where the disease of the mouth is only a local manifestation of generalised disease 
will thus not so frequently be missed. The canlio- vascular system, the abdomen 
with special reference to any enlargement of the spleen or liver, and examination of 
the urine, sometimes throw a great deal of light on some obscure condition of the 
mouth and pharynx. The usefulness of a Wassennann or Kahn test, of a blood 
count, and of suitable bacteriological examination must be kept in nund. Finally, 
recourse to a biopsy should lie seriously considered in all lesions where the diagnosis 
is doubtful. It should be employed frequently and will give information as to 
the true nature of the pathological condition in most if not in all cases. 



CHAPTER HI 

Malignant Disease of the Mouth and Tongue 


SARCOMA 

Sarcoma of the tongue or buccal mucosa is rare; oniy a few 
undoubted cases can be said to have been recorded. In the mouth it 
occurs in the tissues of the cheek, lips, palate or tongue. Histologi- 
cally, it is difficult to distinguish from lympho-epithelioma but true 
cases of lympho-sarcoma occur in the vallecula and in the lymphoid 
tissue at the back of the pharynx ; in the tonsil they are met with much 
more frequently. The progress of the disease is rapid, and glandular 
dissemination occurs early, is widespread, and recurs rapidly after sur- 
gical excision. In most cases the tumour in the tongue has an ill- 
defined capsule. The degree of malignancy varies with the histological 
structure. The spindle-celled variety is less virulent than the round- 
celled, and in some cases pursues the slow course typical of fibro- 
sarcomata. I have treated a schoolgirl of thirteen years of age with 
a round-celled sarcoma of the buccal mucosa ; there were secondary 
deposits in both lungs and in the liver within eight months from the 
onset of the disease. 

CARCCiOHA 


The common variety of malignant tumour in the mouth and tongue 
is the epidermoid carcinoma or squamous-cclled variety. 

/ Etiology 

Arjt incidence. The largest proportion of cases of cancer of the 
buccal cavity and tongue occur in the sixth decade. The following 
table gives the figures relating to the deaths at different ages in 
England and Wales: 


Age in Years. 

0-10 

10-20 

20-20 

20-40 

40-50 

50-60 

60-70 

70-60 

60- 


ilale. Female. 

3 2 

2 9 

4 2 

20 11 

161 55 

720 100 

1072 106 

667 105 

111 32 
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Children and young adults arc very rarely a fleeted, but authenticated 
cases have been described both in a newly-born infant and in very 
young patients. 

Sex incidence. In England and Wales the average percentage of 
women dying of buccal cancer is 15. It is well known that the 
disease is much more common in men in most countries; recent 
observations in Sweden, however, show that the proportion of females 
in that country is 40 per cent ; the importance of this increase of 
incidence is its retiological significance and it deserves further 
study. The sex incidence is greater between the fourth and sixth 
decades. 

Social incidence. Cancer of the mouth and tongue is found much 
more frequently in the poorer classes. The distinct thesis that oral 
sepsis is a predisposing cause of cancer is supported by hospital experi- 
ence, the majority of patients with carcinoma of the mouth having foul 
teeth which have been neglected for many years. Oral sepsis, and 
the concomitant toxaunia and anannia, may be to a certain extent 
responsible for the development of the disease. 

Predisposing causes. The term “ prc-cancerous ” was applied by 
Hutchinson in 1872 to various manifestations of buccal syphilis. 
Clinical observation supports the existence of a “ predisposing ” factor 
to the extent that most tumours arise in tissues which have been 
altered by previous chronic inflammatory processes and chronic irrita- 
tion sometimes preceding the development of the tumour by fifteen to 
thirty years. All the predisposing factors can be summarised as long- 
continued irritation of the mucous membrane of the tongue and mouth ; of 
these syphilis, (obacco, defective teeth and the continued heavy consumption 
of spirits are the most common. The incidence of syphilis is variously 
recorded by some as low as 3 per cent, and by others as high as 75 per 
cent. The action of syphilis is indirect ; there is no direct irritation by 
the spirochtetal infection, but the ulceration, scarring and leukoplakia 
are a definite predisposing factor. All sypliilitic lesions, epithelial 
hypertrophies, cracks and fissures, gummata, chronic glossitis, atrophy 
of the mucosa with scarring and localised warts must be considered as 
well as leukoplakia to be predisposing conditions. Experimentally, 
Eibiger produced carcinoma of the rat’s tongue by the artificial produc- 
tion of leukoplakia by an animal parasite ( spirochata neoplastica). 
The effect of tobacco is sometimes an important factor, such as the 
occurrence of epithelioma in “ smokers’ patches But the action of the 
tobacco is still not perfectly understood. Laborious experiments by 
the late Professor A. Leitch showed that tobacco by itself was not a 
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specific irritant and wds not a proved carcinogenic substance ; but 
there may be somet hing connected with tobacco-smoking which in the 
human mouth favours the predisposition to cancer ; thus the irritating 
effects may stimulate the epithelial covering of the mouth by producing 
chronic hypenemia and so favouring erosions, superficial ulcerations 
and lymphocytic infiltration. It is also possible that the lesions are 
not due to the tobacco itself but to the heat of the smoke, although the 
occurrence of cancer of the cheek in those addicted to tobacco chewing 
indicates a direct effect. The predisposing factor of defective teeth is 
twofold ; the obvious relation between the abrasions and ulceration 
caused by a ragged or sharp tooth indicates a direct effect between a 
tra uma tic ulcer and its subsequent metaplasia into a neoplasm. The 
presence of grossly infected teeth, thickly covered by a coating of hard 
debris without any evidence of a direct injury, is so often found in 
cases of cancer of the mouth that some causative relationship seems 
inevitable. The etiological significance of a dirty mouth is perhaps not 
very great, as a number of tongue cancers occur in edentulous patients, 
but the importance of a clean mouth as a prophylactic measure cannot 
be sufficiently emphasised. The local application of chemical irritants, 
such as silver nitrate, has been the cause of many cases of cancer of the 
tongue. As long as fifty years ago Butlin pointed out : “ If there be 
one thing more harmful than another in the treatment of simple 
indolent sores and affections of the tongue in persons over thirty' years 
of age. it is the application of strong caustic.” Repeated applications 
of silver nitrate to an otherwise benign lesion of the buccal mucosa 
and tongue will lead within a few months to the development of an 
epithelioma The pre-cancerous conditions which frequently precede 
the appearance of cancer in the mouth have been enumerated by 
Jacobson as follows : (1) Chronic superficial glossitis with hypertrophy 
and figuring ; (2) leukoplakia, especially with the appearance of 
warts: (3) ichthyosis or late stage of leukoplakia ; (4) chronic atrophic 
glossitis ; (5) papillomata ; (6) fissures ; and (7) ulcers of any type. 
These conditions, however, do not account for the development of 
malignant disease in the posterior part of the tongue. The predisposing 
factors occur in the anterior part only and lead to the squamous-celled 
carcinoma of the epidermoid type. The occurrence of malignant fesions 
in the pharyngeal portion of the tongue, their embryonal type and their 
distribution in areas which are rich in lymphoid tissue, all point to a 
different etiological factor such as tissue predisposition or some 
structural abnormality. 
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Histology of Cancer of Mouth and Tongue 
The majority of cases of buccal and lingual cancer are squamous- 
cellcd carcinomata or epitheliomata. They develop from the stratified 
epithelium of the surface of the mouth. Glandular carcinoma originates 
occasionally in the mucous glands on the floor, and very exceptionally 
from those on the surface of the tongue ; these arc not true lingual 
cancers. The histological appearance of the common variety can be 
sub-divided into two groups : 

(1) Squamous-ceUcd carcinoma with all nests (fig. 2720). This 
occurs in all parts of the mouth but much more commonly in the 
anterior two-thirds of the tongue. In the earliest stages can be seen 
some of the phases of the development of simple acanthoma from 
chronic inflammation and hypertrophy of the papilla;. The actual 
downgrowth of epithelial columns is preceded by hyperkeratosis, 



submucous oedema, and round-celled infiltration. The adult type 
of epithelium may persist or a transformation into undifferentiated 
polyhedral cells occur. Columns of epithelial cells, not unlike those of 
the deeper layers of the epidermis and directly continuous with them, 
grow down into the fibrous tissue and through it into the muscles ; as 
a rule, these columns diverge, branch, anastomose with one another and 
form networks in the deeper strata of the tongue. The slender pro- 
cesses which form these networks are composed of altered epithelial 
cells ; they are easily recognised as epithelial in origin, but they differ 
in many important respects from the cells which form the normal 
epithelial covering of the tongue. They vary considerably in size, and 
are somewhat smaller than the cells of the more superficial layers of the 
epidermis. They vary as much in. shape, but are seldom distinctly 
spindle or caudate ; polygonal cells are common, not unlike those of 
tubular epithelioma. Many cells are frayed out at the borders ; most 
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of them have nuclei which are very large in proportion to the size of 
the cells: as elsewhere, multinucleated cells occur. Amongst the 
larger col umns are seen “ epithelial pearls ** or ** cell-nests ' ; these 
arerounded or oval bodies consisting of altered central cells surrounded 
bv lavers of flattened scab-like cells arranged like the scales of a tulip. 
The degree of keratimsation is an index to the degree of malignancy, 
at least as far as radio-sensitivity is concerned, this type being less 
virulent than the non-keratinising variety : but it is not less erroneous 
to consider them otherwise than metastasising malignant tumours. The 
stroma around the malignant cells is infiltrated with small round cells ; 
tbe=e are due to active proliferation of round connective tissue celU 
and are regarded as a protective mechanism which attempts to limit 
the spread of the disea=e. The hardness of the lesion is due to this 
infiltration with small round cells. 

(2) Squainous-ceUed carcinoma icithout ceU-neds. This is a rarer 
type of epithelioma of the tongue. The importance of recognising 



this group was emphasised by the development of radiation therapy. 
The=e turnouts are highly malignant and metastasbe early and widely ; 
they are extremely sensitive to radiation : they occur in the Ease of 
the tongue, naso-pharynx. tonsil, and sometimes in other parts of the 
body. This type of tumour is sub-divided into two groups : (a) The 
hjmpho-epitMioma (fig. *2721 ). first described by Regaud : and (6) 
the transit ional-celled carcinoma (fig. 2722), or anaplastic carcinoma, 
described by Quick and Cutler. The histological appearance of the 
lympho-epithelioma is that of large cells with a delicate cell membrane 
and trabeculated protoplasm with large nuclei : they do not form cell- 
nests . the cells are round or spheroidal ; they are at times very 
difficult to distinguish from round-celled sarcoma. In a review of 
300 tumours of the base of the tongue and naso-pharvnx Ewint* found 
C*3 per cent of ca^es of this type. The tra national-celled carcinoma 
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consists of round and polyhedral cells with large nuclei and little . inta- 
cellular material; there arc no squamous characters -d -narked 
degree of anaplasia. Cutler believes that these two . groups har e a 
different origin. Whereas the lympho-ep.thel.oma is thoughts arise 
from squamous epithelial cells in close contact with and Mutated by 
lymphoid tissue, the 

[“p^Vf^traets attention to their unusual 
histological appearance. 

Clinical Types of Cancer of Hie Mouth and Tongue 
The disease may assume a variety of aspects 
on the virulence of the disease, secondly on ‘“.t.on °f thertroma 
and the particular predisposing ™ whete ^ neop i asm arises. 

vascular and lymphatic supply of the p renditions 

There is clinical evidence that the various pre-cancerous conditions 
iuere is ciimui , V f ohanees, benign tumours— 

excoriations, traumatic ulcers S )T T f e follow 1ng types are 

develop into different types of care 
recognised : 
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(1) Vlceralive type . This is the commonest variety (fig. 2723). 
The appearances of the ulcer depend upon the rate of growth, the presence 
of sepsis, and the pre-existing state of the tongue. Induration of the 
ulcer, and hardness of the edge and base are characteristic. Most carcino- 
matous ulcers are oval in shape ; at first they are relatively painless, 
but with supervening infection pain increases. 

(2) Fissured type. This variety occurs in the clefts and depressions 
resulting from old-standing glossitis of syphilitic origin. The ulcer is 
deep-seated and the fissure is the superficial portion of the neoplasm ; 
deep to the fissure a hard mass can usually be felt. The lesion is more 
extensive than the superficial appearance indicates. 

(3) Nodular type. This appears first as a plaque or node (fig. 2724), 
submucous in position, and covered by smooth and intact epithelium 
devoid of papillae. It may be a broad plaque, slightly raised above the 
surface, or retracted from it, forming a deep-seated stony hard nodule. 
This type is slow in progress and does not ulcerate till late ; it may 
invade the tongue widely and present on the surface at a point well 
removed from its original site ; necrosis due to lack of blood supply 
generally leads to ulceration. It remains painless for a long time and 
therefore histories of one or two years are not infrequent. 

(4) Papillary type. This varies in size and in appearance from a 
small soft wart to extensive papillary masses filling the mouth (fig. 2725). 
It occurs in apparently normal mouths as well as engrafted on old- 
standing glossitic lesions. In early cases the lesion is circumscribed, 
soft except at its base, and sometimes pedunculated. Multiple warty 
lesions are not infrequent ; they may be situated side by side or in 
apposition (Ups, cheek and tongue) with hut Uttle intervening normal 
tissue, or they may be truly multicentric in origin and occur ou opposite 
sides of the mouth. The cauliflower type belongs to the papillary 
group . in such cases there may be extensive fungating masses of new 
growth with a hard infiltrating base (fig. 2726). Bleeding occurs even 
in the absence of gross ulceration, infection is common, and the 
growth becomes friable. 

(5) Atrophic type. This is the rarest variety of lingual cancer ; it 
occurs in the buccal mucosa as well as in the tongue ; it is similar to 
the atrophic type of scirrhus seen in the breast. Ulceration is slight and 
superficial (see fig. 2727), but there is intense fibrosis which by con- 
traction gradually shrinks the tongue to a small hard mass. 

Multiplicity of Lesions. 

Two or more distinct epitheUomata may develop simultaneously in 
the tongue, cheeks, pillars of the fauces and palate. A number of such 
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cases have beeu recorded (fig. 2728). The lesions are not always of the 
same gross anatomical variety ; one lesion may be ulcerative, and 
the other papillifcrous. Multiplicity of lesions is of grave prognostic 
significance, as there is a tendency to local recurrence or the develop- 
ment of fresh lesions. 

Localisation of the Tumour. 

The malignant growth in the mouth may occur in the following 
situations : 

(1) Roof of the mouth. In this localisation a distinction should 
be made between lesions arising in the maxillary antrum and presenting 
in the mouth and the primary lesions of the palate. The latter can 
be usefully sub-divided into growths of the hard palate and those 
of the soft palate. This classification is of some prognostic significance 
as the former rarely give rise to glandular metastases till late in the 
disease, and these are generally unilateral, whilst the soft palate 
lesions are more malignant, metastasise early, and frequently give rise 
to bilateral cervical lymphatic involvement. 

(2) Buccal mucosa. Epithelioma of the check attacks the buccal 
mucosa and spreads to the alveolar sulcus of the upper and lower 
jaws, and also to the gums. It pursues a course similar to that of cancer 
of the tongue and gives rise to metastasis early. 

(3) Floor of the mouth. The lesion is situated cither laterally or in 
the region of the frenum, and is nearly always ulcerative in type, 
although papilliferous growths are occasionally seen; the origin of 
such growth may he entirely independent of the tongue, although the 
latter is generally involved by direct extension if the disease progresses. 
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(4) Tongue. The commonest site in the tongue is the lateral 
margin, but no part of the tongue is immune. The average relative 
frequency of the site distribution of lingual cancer is as follows : 

Anterior . . . . .50 per cent 

Posterior 23 per cent 

Inferior . . . . .25 per cent 

The whole tongue .... 2 per cent 

The lateral borders are affected twice as often as the central portion ; 
in the posterior group one or both vallecula) can be affected and the 
disease spreads to the epiglottis and to the pillars of the fauces. It is 
also possible for a carcinoma of the pillars of the fauces or tonsil to 
spread to the tongue and floor of the mouth. 

Extent of the Lesion. 

The wide extension of the growth from one part of the mouth to 
another, and the possible multiplicity of lesions make a careful and full 
examination of the whole mouth and pharynx a point of very great 
practical importance. The size of the growth and its extensions are, as 
a rule, in direct proportion to the length of time the lesion has been 
present. The papillary and cauliflower lesions are the most rapid in 
their growth ; the ulcerative variety is slower except in post-operative 
or post-radiation recurrences, when, owing to interference with the 
blood supply, necrosis is prone to occur and rapid extension of tho 
ulceration takes place. In tongues which arc the seat of chronic 
syphilitic glossitis, the whole organ may be involved from the tip 
to the circumvallate papilla). On the floor of the mouth the ulcer may 
spread backwards and so separate half the tongue from its bed. 

Symptoms 

The symptoms of malignant disease of the mouth and tongue can 
be usefully sub-divided into two groups — early or initial, and late. 
The majority of patients seen in hospital fall into the latter group. The 
average time which elapses between the first symptom and the patient’s 
appearance in a hospital out-patient department is about six months. 
The delay is sometimes due to palliative measures prescribed by the 
private practitioner, but mostly to indifference or fear on the part of 
the patient. Education both of the public and of the medical profession 
is necessary to make the patient report to hospital at an earlier stage. 
Most cases are beyond cure when first seen, and this may be the cause 
of the indifferent results obtained by any method of treatment and of 
the high mortality of the disease. 
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Falor of the breath is the usual accompaniment of lingual and buccal 
cancer ; at times it is so marked that the patient has to be isolated. 
The sense of taste is lost, and toxaemia, anorexia, fever and anaemia 
follow. 

Signs and Symptoms of Carcinoma of the Posterior Part of the Tongue 

Growths in the posterior part of the tongue, vallecula and epiglottis 
are clinically silent for longer periods than lesions in the anterior half. 
It is, therefore, of very great importance to be familiar with the clinical 
picture of the early lesions in this situation. The symptoms are vague 
and slight, but quite characteristic to the observant medical man. 
There is usually a history of repeated transient attacks of sore throat, 
at first very slight, but later more constant and more persistent ; slight 
dysphagia follows; occasional streaks of blood are noticed in the 
sputum ; the voice is slightly altered and the speech somewhat thick 
and indistinct. Examination of the mouth may reveal nothing abnor- 
mal unless a laryngeal mirror is used. This should never be omitted, as 
growths in the vallecula, unless cauliflower in type, cannot otherwise be 
visualised. 

Glandular Involvement. 

Although there arc great variations in the spread of the disease 
from its primary site to the lymphatic glands, both in its anatomical 
distribution and in the time when such spread occurs, the majority of 
cancers in the mouth and tongue {about 80 per cent) sooner or later 
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give rise to metastases in the neck (see fig. 2729). If the primary lesion 
remains untreated for a time, it inevitably extends to the lymphatic 
glands ; sucli extension is earlier in onset, wider in distribution, and 
greater in degree than is obvious on clinical examination. From the 
study of glands removed at operations and from the observation of 
patients in whom the neck was not treated and malignant cervical 
glands developed after a complete eradication of the primary growth, 
it is clear that no case of cancer in the mouth can be said to be safe 
from lymphatic invasion at some date or other. The whole problem 
of oral cancer pivots on the potential malignancy of the cervical glands. 
Enlargement of the glands need not necessarily signify that dissemina- 
tion has already occurred, as sepsis and infection produce inflammatory 
adenitis which may subside ; on the other hand, neither does absence 
of palpable glands mean that dissemination has not yet occurred. 
The rapidity with which glandular involvement takes place varies from 
patient to patient ; it depends upon the situation, extent and histo- 
logical type of the prunary growth ; upon the presence and the degree 
of concomitant infection ; upon the anatomical type of the lesion, and 
also on some undetermined susceptibility of patients to dissemination. 
It is frequently observed that whereas in some patients there is a period 
of many months or even one or two years between the appearance of 
the primary growth and that of the lymphatic deposits, in others both 
seem to occur simultaneously. At times the lymphatic glands are so 
large and the primary lesion so insignificant that the latter at first 
escapes detection and the glands are presumed to he the primary 
growth. The distribution of the lymphatic invasions depends to a 
certain degree on the situation of the primary growth. Cancer of the 
tip of the tongue infects the submental glands first ; that of the floor 
of the mouth and of the central portion of the tongue, the submental, 
submaxillary, and carotid glands ; that of the base of the tongue, the 
upper and lower deep cervical glands. This generalisation is, however, 
' ery imperfect. It is not one gland, not even a group of glands, which 
is affected, but the chain of deep cervical glands. As large efferent 
vessels run directly down to the glands at the bifurcation of the carotid, 
this group may be chiefly infected, as may be tbe glands at tbe level of 
the tendon of the omo-hyoid, but sooner or later the whole chain is 
affected from the mastoid down to the clavicle. The spread of the 
tumours from gland to gland occurs most probably by embolic steps. 
As a rule, early infection of lymphatic glands is unilateral when the 
primary lesion itself is strictly unilateral and limited ; this does not 
apply to the soft palate or to the lympho-epithelioraata of the vallecula. 
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Not infrequently a growth which approaches the middle line may infect 
the glands on the opposite side to even greater extent than on the same 
side. Such anomalous contra-lateral metastasis may be the first to 
be noticed and can be explained by the reversal of lymph flow due to 
lymphatic obstruction. The decision as to treatment of the neck 
depends, therefore, on a very careful consideration of all the available 
data in each particular patient : it must be based on sound knowledge of 
the natural history of the tumour and its spread, on the clinical extent 
of the disease, and on the probable degree of infection by metastasis. 

Dissemination (see also page 4172). 

Before the advent of radiation therapy, visceral and cutaneous 
metastases were seen but infrequently in cases of cancer of tlie tongue 



and mouth ; they were reported as curiosities and were of greater 
interest to the morbid anatomist than to the clinician. Since the use of 
radium in the mouth lias been widely practised, such metastases appear 
to be much more frequently noted, and it is asked, not unnaturally, 
whether radiation favours metastatic spread. Like most new methods 
of treatment, radiation, cannot be exempt from suspicion of being the 
cause of such dissemination. A careful analysis of these cases shows : 
(!) That such metastases occur after long latent periods, sometimes 



49Q6 POST-GRADUATE SURGERY 

two or three years after treatment ; (2) that they occur in patients 
where the pr ima ry growth remains healed and where the lymphatic 
glands in the neck have been successfully treated ; and (3) that they 
occur in patients in whom the primary growth was originally advanced 
and extensive. Such cases, before the radium days, never lived long 
enough to develop visceral or skeletal metastases but died from sepsis, 
htEmorrliagc or pneumonia. It seems to be a reasonable explanation 
that the prolongation of life and the palliation obtained enable the 
patient to complete the full cycle of the malignant process and that 
there is no direct evidence that radiation promotes visceral metastases. 
The recorded sites of distant metastases from the tongue and mouth 
are as follows : (I) Bones. Metastases have been seen in the cervical 
vertebrae, in the neck of the femur (sec fig. 2730), and in the ribs. 

(2) Cutaneous metastases have been seen on the chest wall, the 
abdomen and the back. 

(3) Viscetal metastases — in the lungs, the liver, the heart, the 
pericardium, the spleen, the kidneys and the suprarenal. 

Course and Termination of Cancer of the Mouth and Tongue 

The average duration of life of an untreated case is twelve to sixteen 
months. The mortality of the disease if untreated is 100 per cent. The 
incidence of glandular involvement is about 80 per cent in hospital 
patients ; it is less in private patients. If untreated all cases will 
develop secondary deposits. The glands arc at first small and fairly 
hard ; sooner or later they break down and become fixed by peri- 
adenitis and later by the disease spreading to the cellular tissues of the 
neck. Finally, the mass breaks down, suppurates, and discharges 
through the skin ; a cavity is formed lined by foul granulation tissue 
and containing necrotic debris of growth. Swallowing becomes pro- 
gressively more difficult ; cough and dysphagia become more and more 
distressing ; and repeated hemorrhages occur at intervals either from 
the mouth or from the sinuses in the neck. Pain and discomfort increase 
and cause insomnia. The final stages of the disease should be kept ill 
mind and remembered before refusing treatment to patients on the ’ 
grounds that palliation only can be obtained. Neither the disastrous 
effects on the eventual statistical tables nor the desire to prove the 
possibilities of one or the other method of treatment should deter 
the surgeon from combining all methods of treatment in combating the 
disease. Operations on the neck should not be refused if there is a 
possibility of removing all the glands on one side of the neck. The 
planning of the surgical or radiological treatment should be done on a 
big scale commensurate with the gravity of the disease. 
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Diagnosis 

Difficulty in diagnosis in lesions of the mouth and tongue occurs 
only in early stages of the disease ; in the later stages the clinical 
evidence is unmistakable. If on clinical grounds diagnosis is not possible 
and suspicion of malignancy is entertained, recourse should be had to 
liistoku'ical confirmation. Biopsy is a certain method of establishing 
a diagnosis. In some centres it is of general application and no case is 
treated unless proved by microscopy to be malignant. Some authori- 
ties— fewer as time goes on— object to a biopsy on the presumption that 
it may provoke spread of the malignant tumour. There is no proof 
cither clinical or statistical that biopsy increases the rate of growth or 
favours dissemination. That this, however, appears to happen in some 
patients has led to the practice of submitting the lesion to irradiation 
prior to biopsy, and carrying out the procedure by means of tile dia- 
thermy knife; as this docs not materially affect the histological 
appearance of the tumour it is advisable to give the patient tbe ’ 

though problematical, of this refinement of technique. The immediate 
microscopical examination, either of a frozen section or with the ultra- 
pack, in any case enables the lesion to be treated without delay either 
surgically or by radiation. In an early and small lesion, biopsy should 
consist in the local excision of the whole lesion. In the small warty and 
nodular types of lingual cancer, it is of great importance and should tie 
practised as a routine. In the ulcerative type, the section s iou e 
taken from the margin of the ulcer, including the edge, some apparently 
healthy tissue beyond it, and a portion of the base. esi es e con 
elusive diagnosis of malignancy, histological examination provides 
accurate knowledge as to the histological variety o t le neop asm. 
This is of importance in distinguishing lympho-epit ic loma rom e 
tinising carcinoma, and so helps in the decision as to the type of 
treatment most suitable for the case, while also being to a certain 
extent a guide as to the dosage of radiation. 

Differential Diagnosis 

The lesions in the mouth and tongue to be distinguished from cancer 
are simple ulcers, syphilitic sores, tuberculous lesions, and bemg 
growths. There is no doubt that in some cases any one o , 

bear a close resemblance to a malignant growth and the difficulty 
is increased by the fact that a neoplasm may be superimposed on any 

one of these conditions. , . ■ 

Syphilis. A primary chancre in the mouth is rare, 
common. The age incidence is of no importance as both conditions 
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may occur in young, middle-aged and old patients ; no diagnostic 
importance is to be attached to the fact that a chancre is more likely 
to be the correct diagnosis in the young. A chancre may occur on the 
tip of the tongue, on the buccal mucosa, or on the floor of the mouth. 
In primary syphilis, glandular enlargement is early and widespread, 
the glands being soft and diffuse, bilateral, and tender. General signs 
of syphilis follow within a few weeks. Spirochaetes are present in the 
lesion ; the Wassermann reaction may be negative. Tertiary syphilis is 
more difficult to diagnose, especially the gumma which is deep-seated 
and has not yet reached the surface and so mimics the nodular type of 
cancer. Both lesions occur on the dorsum of the tongue and start as a 
nodule deep to the mucosa ; a gumma is relatively painless, ill-defined, 
firm, lumpy, and part and parcel with the surrounding tissue ; the 
progress is slow, and there is no glandular enlargement. Age and sex 
incidence are of no diagnostic significance. Gummatous ulcers are 
much more often multiple than single; one lesion may be healing 
whilst a second is developing, so that they do not present the same 
appearance. The edges are undermined and less indurated than in 
carcinoma. The majority of syphilitic lesions occur on the palate and 
the centre of the tongue anteriorly, a few on the buccal mucosa. In 
congenital syphilis a lesion may develop in the vallecula. The 
Wassermann reaction is, as a rule, positive. A negative Wassermann 
reaction does not preclude syphilis ; a positive Wassermann reaction 
does not exclude malignant disease. One of the grave errors in 
surgical judgment, and one which is very serious for the patient, 
is the indefinite prolongation of anti-syphilitic remedies when they 
do not produce the desired effect. It cannot be too strongly empha- 
sised that the presence of an active syphilitic lesion in the mouth 
does not immunise the patient against cancer ; on the contrary, it 
should be remembered that the syphilitic tongue and the mouth of an 
old syphilitic patient are the most fertile soil for the development of 
cancer. Valuable time must not be wasted in test treatments. 

Simple ulcers. The appearance of a benign or traumatic ulcer is 
that of an acute lesion ; the cause of the ulcer is generally ascertain- 
able, such as a foreign body, a sharp tooth, or an injury. A simple 
ulcer should heal when its cause is removed, and healing is generally 
\ery rapid. Papillomata should be removed and examined under the 
microscope. A tuberculous ulcer is characteristic in appearance (see 
page 5029), is exceedingly tender, and causes constant pain. It is 
associated with laryngeal or pulmonary tuberculosis or with lupus 
of the nose, face and lips. 
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Importance of Early Diagnosis. 

Emphasis must be laid on the vital importance of early diagnosis. 
In early recognition of malignant disease lies the greatest hope of cure. 
All methods of diagnosis, especially biopsy, are imperatively indicated 
if the gravity of delaying treatment is appreciated in its true light. A 
lesion of the tongue must be suspected to be malignant, and appropriate 
steps must be taken to rule out malignancy or to establish its presence. 
Unmistakable signs of cancer should never be awaited. If the lesion 
does not respond at once to simple or specific remedies, biopsy should 
be carried out. 

CARCINOMA OF THE MOUTH AND PLUMMER-VINSON SYNDROME 

Hugo E. Aiilbom of the Radiuniheminet in Stockholm drew 
attention recently to the association of simple achlorhydric anosmia, 
Plummer- Vinson’s syndrome, and carcinoma of the mouth, pharynx 
and oesophagus in women. These observations arc original and very 
important both from the point of vic\v of a new “ pre-eancerous ” 
condition winch exceeds in importance if not in frequency that of 
syphilitic conditions, and also in drawing attention to certain 
{etiological factors in cancer of the mouth and pharynx. A some- 
what detailed account is therefore thought to be warranted, and 
the following is based on the original paper by Ahlboiu ( Lancet , 
Aug. 15, 1030, 331). Simple achlorhydric anosmia among women 
is a familiar and fairly common disease. The syndrome has been 
called “ Plummer- Vinson’s ” syndrome or “ dysphagia associated 
with ancemia.” Curiously enough, this disease is hardly known 
outside Great Britain and the United States. The patients are 
almost always females, generally between the ages of fifteen and fifty. 
Anaemia and weakness are of many years* duration. They usually give 
a history that the teeth were lost early in life, at the age of twenty or 
thirty, and that fissures or eczema appeared periodically at the corners 
of the mouth. A distinctive feature is the shrinkage of the opening of 
the mouth, which is small and rigid, the lips being thin and pale ; these 
changes and the edentulous jaws give the patients a characteristic 
appearance which suggests the diagnosis. Associated wfith these signs 
is a deformity of the nails, the so-called “ spoon-shaped nails ” or 
koilonychia. A moderate degree of hypochromic anemia is always 
present. The dysphagia is probably due to the atrophy of the mucous 
membrane usually found in the mouth and pharynx of these patients ; 
the atrophy is most pronounced in the mucosa of the tongue, which in 
typical cases is completely smooth. These patients have a marked pre- 
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disposition to mouth cancer ; two of Ahlbom's patients, both women, had 
multiple lesions, one of the patients having five different carcinomata 
in the lip and mouth, and the other three. The attention was thus 
drawn to this association of Plummer-Vinson’s syndrome and malignant 
disease of the mouth. Considerable evidence was found at the Radium- 
hemmet of this occurrence in about half of all the women with carcinoma 
of the mouth and also in the great majority of women with carcinoma 
of the hypo-pharynx. A case reported by J. McGibbon had this syn- 
drome and multiple carcinomata in the buccal mucous membrane. At 
the Radiumhemmet in the past five and a half years, out of a total of 
150 women with malignant disease of the mouth and pharynx, 70 per 
cent bad signs and symptoms suggesting Plummer-Vinson’s syndrome. 
In the material in Sweden the incidence of cancer of the mouth in 
women is exceptionally high, viz. 40 per cent, as compared with 15 or 
25 per cent in other European countries. The practical significance is 
that effective treatment is very important in such cases of .achlorhydric 
ainemia and, since iron in large doses has a rapid and almost specific 
effect, it may thus be a measure which is in the best sense “ cancer 
prophylaxis *’ Ahlbom urges that the syndrome should command the 
attention of cancer investigators. The tendency to predisposition to 
cancer is greater in Plummcr-Viuson’s syndrome than in sypliilis, for at 
the Radiumhemmet a far greater proportion of patients with carcinoma 
of the mouth and pharynx have these syndromes rather than sypliilis, 
even though the incidence of syphilis is many times greater in the 
general population. 

TREATMENT OF CANCER OF THE MOUTH AND TONGUE 

Radium treatment of cancer of the mouth and tongue is discussed 
in detail in Yol. I, pages 1576-1589. 

CONTACT LOW- VOLTAGE X-RAY THERAPY 

In the treatment of malignant growths in the mouth, radium and 
high-voltage X-rays are recognised and well-known methods of therapy, 
the results of which command the attention of every clinician. A 
relatively new method of treatment by low-voltage X-rays was 
introduced about four years ago by Professor H. Chaoul of Berlin 
(fig. 2731). This new method deserves close attention, and presents 
many advantages of which convenience, simplicity, and ease of 
application are by no means the least important points. In my 
opinion it fills a very useful place in the radiation therapy of superficial 
malignant growths, and its special adaptability to lesions in the tongue, 
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palate, floor of the mouth, cheek ami lip justifies its description. 1 his 
new development in X-ray therapy aims at developing a technique o 
X-radiation similar and comparable to that of radium. The hypothesis 
on which the work is based is that the superiority of radium to that ot 
X-rays, as observed in the results obtained ill the mouth and else , 
is noi due to the quality of the rays but solely to the physical properti 
and conditions of application. Cl.aoul attempted to apply X-rays unde 
conditions similar to radium therapy. The principles of the tec “quo 
are as follows : to apply the source of X-rays at a very short distance 
from the lesion (3 or Veins.) ; to apply the X-rays practically unfiltered 
(0-1 or 0-2 mm. of nickel) ; and to localise the X-rays by means of 
suitable small applicators of various sizes and shapes which are apphed 
accurately to the lesion and which protect the healthy surrounding 
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tissues. To obtain these conditions a very small X-ray tube of unusual 
desitm was constructed ; in this tube the target is situated at the 
extremity of a long metal tube which can be introduced into the patient’s 
mouth (see fig. 2732). Low-voltage X-rays are used, namely 60 K.V., 
4 3LA. The principle of the treatment is to space the applications so as to 
fraction the dose and protract it to a total period of two to three weeks. 
Pally treatments of very short duration are given, each treatment 
occupying three to jive minutes. The total daily dose to each field varies 
from 250 to 400 “ r ” and the total dose at the end of treatment is about 
4000 to 6000 “ r.” It will be seen that by bringing the source of X-rays 
close to the lesion, by using the rays practically unfiltered, and by 
repeated sma ll doses, a very high total dosage is obtained. Chaoul 
has treated twenty-six lip cases and twenty-eight oral cases. In this 
country Professor Woodbuxn Morison at the Cancer Hospital in London, 
Dr. J. F. Bromley at the General Hospital in Birmingham, and the 
author in conjunction with Dr. F. 31. Allchin at Westminster Hospital 
have had experience of the method. 3Iy own personal experience in 
the treatment of seventy-five patients with the Chaoul machine has 
led to the following conclusions : (1) The method is only applicable to 
superficial and accessible lesions. (2) The immediate biological effect 
is indistinguishable from that of radium. (3) Total disappearance of a 
carcinoma in the mouth. lip or tongue is obtained. (4) The scar left 
after the lesion is healed is soft, supple and healthy. (5) The advan- 
tages of the method in suitable cases are very numerous and important ; 
they can be summarised as follows : (a) The treatment takes only a 
few minutes daily, so that not only is hospitalisation not required but 
the patient can continue his normal occupation ; (6) absolute accuracy 
of application is very easily obtained ; and (c) there is no “ operative ’* or 
’* anaesthetic risk and there is no trauma such as is inevitable if 
radium needles are inserted. (6) The reaction of the lesions to treat- 
ment, the erythema of the skin, the mucosal peeling, the formation 
of a membranous deposit of fibrin on the lesion, and the healing 
are absolutely indistinguishable from those obtained from radium. 
(7) Although at this early stage it is impossible to express an opinion 
as to permanence of the results obtained, if the immediate biological 
effect as observed clinically is identical with that of radium, it is reason- 
able to anticipate similar remote results. The method is of very great 
interest to the radiologicaUy-minded surgeon. But it must be empha- 
sised again that it is only suitable for superficial lesions, that the depth 
dose at 5 cms. from the surface is very small, and that the limitation of 
usefulness of the Chaoul machine must be strictly understood. If 
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unsuitable lesions are submitted to treatment, very grave surface burns 
will occur without arrest of the disease at the depth. 

Pre-operative T real men t of the Mouth. 

"Whether surgery, diathermy or radium is the method of treatment selected, 
pro-operative preparation of the mouth is very important, A scrupulous toilet 
of the mouth is essential if a smooth post-operative convalescence is to bo achieved. 
The best results are obtained in edentulous mouths and it is my opinion that 
every case of cancer of the mouth or tongue would benefit from the removal of all 
teeth, but the removal of carious teeth, stumps and metal bridges, and the treat- 
ments the gums is imperative. Acceleration of healing following extraction of teeth 
is obtained by bringing the raw surfaces of the gums together with a few catgut 
sutures. Clearance of the mouth should precede intra-oral surgical procedures by 
a few days. Mouth-washes of mild Condy’s fluid or weak hydrogen peroxide should 
be frequently employed ; these arc more effective if given by a syringe and th3 mouth 
irrigated by a nurse than if the treatment is left to the patient’s own discretion. 
Such pre-operative measures accustom the patient to a routine which is to be 
followed after tho operation. In the prescnco of ulceration the lesion should be 
painted with a solution of arsenic such as novarsenobenzol in glycerine and 
water. The solution should l>c applied to tho lesion after tho mouth has been 
irrigated. 

Anasthcsia. 

Although small lesions situated in the anterior part of tongue, tho roof of the 
mouth and the buccal mucosa can be treated under local anasthcsia, general anas- 
thcsia is preferable. Relaxation of muscles increases the operative comfort of the 
surgeon and relieves tho mental distress of tho patient. Accuracy of the intra- 
oral operation is ensured and difficulties caused by bleeding and salivation are 
diminished. For most operations in tho mouth preliminary basal anaesthesia 
is of very great help. Evipan or avertin is superior to morphia and hyoscinc, 
and the former is in the majority of cases the more suitable. It may be sufficient 
to carry out the operation ; if supplementary anaesthesia is required, and especially 
so in dealing with the posterior or inferior surfaces of the tongue or tho hard palate, 
intra-tracbeal intubation is the method of choice. Tho tube should be passed 
through the nose and the pharynx plugged. 

DIATHERMY EXCISION IN ORAL CANCER 

Indications. 

(1 ) If radium is not available or is contra-indicated. 

(2) For small lesions in the hard palate or the tip of the tongue in 
selected cases. 

(3) For local recurrences after surgical excision of part of the 
tongue in the presence of marked fibrosis, dense scarring, and 
advanced syphilitic glossitis. 

(4) For local recurrence after radium treatment in the presence of 
sepsis at the site of the recurrence or in its neighbourhood. 

(5) For lesions invading bone. 
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(0) For the excision of a residual mass of scar tissue following an 
apparently successful irradiation. 

(7) For sub-total or partial glossectomy in advanced cancer of the 
tongue involving the anterior or dorsal portion, in the presence 
of oedema and sepsis. This is chiefly a palliative measure which 
relieves symptoms, increases the comfort of the patient, 
improves speech, diminishes salivation, and arrests hemorrhage. 

General Considerations of Surgical Diathermy in Oral Cancer 

Diathermy can he used in surgical work either for the destruction 
of tissue by coagulation or for direct excision, similar to excision with 
the scalpel. By the use of high frequency currents of high amperage 
and lower voltage a coagulating current is obtained ; by means of 
high voltages and higher frequencies, using an undamped oscillation 
in the nature of 3,000,000 per second, a cutting effect is produced ; 
healing follows with very little scar fonnation. High frequency dia- 
thermy currents are produced by passing an alternating current of 
150 to 250 volts, obtained from a main A.C. supply or by means of a 
rotary converter, through the primary coil of a transformer. A high 
voltage alternating current is developed in the secondary coil, and this is 
connected to a series of condensers which store up the electrical charge 
until the voltage is sufficiently liigh to jump over a spark gap. Whilst 
this current is oscillating in the electrical circuit, it is taken up by a 
series of resonance coils in a second circuit which is connected to the 
patient. In surgical diathermy two electrodes are employed. The 
indifferent electrode is attached to the skin of one of the limbs or to 
the back ; the indifferent electrode is large and makes contact with an 
area of slvin of between 6 and 8 inches square. It is usually made of a 
lead plate and is covered by a small towel soaked in normal saline. The 
active electrode is small, such as a fine needle, a narrow-bladed knife, 
or a small metal sphere. The current passes from the indifferent 
electrode and is discharged at the point of contact with the active 
electrode. The extent and severity of coagulation are regulated by : 
(I) The intensity of the diathermy current ; (2) the time the electrode 
is in contact with the tissues; and (3) the nature of the electrical conduc- 
tivity of the tissues ; muscle and sldn are more rapidly coagulated 
than fat and hard fibrous tissue. Pressure on the electrode should be 
avoided and a rapid light stroking movement employed. Coagulation 
by diathermy is bloodless, as the vessels and the lymphatics arc sealed 
off by the current ; cutting diathermy, if slowly and skilfully used, 
dnmnishes the loss of blood to a very great degree ; but it does not 
abolish it, and the vessels of any size must be picked up in the usual way. 
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Touching the forceps holding the vessels will coagulate the cut surface, 
and ligatures are only necessary for the larger vessels. The use of the 
diathermy requires familiarity with the specialised technique. With a 
reliable apparatus and in the hands of surgeons who use it constantly 
much time is saved, bleeding is negligible, and the operation is as clean 
as with the scalpel. The question of anaesthesia in diathermy operations 
is very important ; ether must not be used as there is a‘ very great risk 
of an explosion occurring in the patient’s mouth. Gas-oxygen-chloro- 
forin by the intra-tracheal method through a nasal catheter, as described 
by Magill, is the method of choice. The removal of an ulcerated area 
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or of a tumour is identical with that with the scalpel ; excision may 
with advantage be preceded and followed by surface coagulation. 
Figures 2733 and 2734 illustrate the method as described by Douglas 
Harmer (Brit. Journ. Stirg., 1928, XV, GGl). 

Healing after Diathermy. 

When excision of a lesion in the mouth is carried out with the dia- 
thermy, the wound in the tongue should not be sutured ; healing by 
first intention which is easily obtained in the skin is exceptional in 
mucous surfaces. The area treated or left from the excision becomes 
coated by a white exudate adherent to the underlying tissue. A 
superficial slough forms and is separated in 7-10 days. Healing takes 
place from the periphery. Following the operation there is some 
cedema of the surrounding tissues but very little pain. Separation of 
the slough may cause some bleeding. Severe haemorrhage is exceptional 
in the absence of gross sepsis or residual disease. If the area excised 
or coagulated is in close proximity to the lingual vessels, and if the 
operative procedure is of great magnitude, preliminary ligation of the 
lingual artery or external carotid is indicated. Following the separation 
of the slough, healing is rapid and the resulting scar supple. 


5006 


POST-GRADUATE SURGERY 


TREATMENT OF CERVICAL LYMPHATIC FIELDS 

It is agreed by most authorities that all cases of cancer of the 
mouth or tongue should have some form of treatment to the cervical 
lymphatic area. Without such treatment the risk of secondary 
deposits in the cervical lymphatic glands is very great, and even if the 
primary lesion in the mouth is adequately treated and completely 
eradicated, the risk of metastasis is always present and the patient 
cannot be considered as having been reasonably safeguarded against 
the disease. In my opinion, even when there are no clinically palpable 
cervical glands, it is imperative to treat the neck. It should be a 
law in the treatment of oral and lingual cancer that no patient is 
left to the hazards of chance by leaving tlie lymphatic field without 
treatment. It is, therefore, strongly prejudicial to the patient’s out- 
look to adopt an expectant policy, to keep the case under observation 
and to wait till a gland is palpable. The natural history of malignant 
growths in the mouth shows that the vast majority develop metastases ; 
therefore, to leave the neck untreated is to penalise the early case. 
The position in cancer of the lip is quite different, the frequency of 
metastasis is very much smaller, and it is therefore quite legitimate in 
lip cases to postpone the treatment of the neck if no glands are palpable. 
The choice of the treatment requires familiarity with the disease, 
surgical acumen, knowledge of the possibilities of radiation therapy, 
and an accurate assessment of each case as to the risks involved and 
the likelihood of a cure if major procedures are adopted. If no glands 
are palpable, or if the glands are inoperable, the treatment should be 
by radium or X-rays (see Vol. I, pages 1584-1586). If the glands are 
palpable, clinically malignant or suspected to be so, surgical treatment 
should be considered. Minor operations on the neck, such as the removal 
of the enlarged glands only , or the clearance of the submaxillary triangle 
alone, are very disappointing in their end- results in most cases. Although 
practised by some and advocated by a few, the limited operations on 
the neck are unsatisfactory, unreliable, and against all principles of the 
surgery of malignant disease. Although the conditions are not 
absolutely comparable, a partial operation on the axilla in cases of 
cancer of the breast would be universally condemned ; for the same 
reasons it is undesirable to carry out partial or incomplete removal of 
the cervical lymphatics. The operation of choice is an extensive excision 
of the cervical fascia and fat with a ll the glands as widely and as exten- 
sively as possible. Such an operation is impossible, or possible only 
with added and unnecessary risk and difficulty, unless the sterno- 
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mastoid muscle and the internal jugular vein are removed. This 
entails a “ block dissection ” and is indicated when the following 
conditions apply : (1) The primary growth in the mouth must be entirely 
healed with a reasonable prospect of permanency . The surgeon must 
be satisfied that the result of treatment in the mouth, bo it surgical or 
radiological, has been successful and that the disease is unlikely to 
recur locally. (2) The glands in the neck should be jxilpable a)id clinically 
operable , It is not justifiable to submit the patient to a block dissection 
if the neck is clinically free from enlarged glands, when radiological 
methods (needling, collar, bomb or X-rays) would do equally well to 
safeguard against recurrence. The question : “ Does irradiation 
prevent metastasis ? ” is a problem of very great practical importance. 
Some irradiated necks (perhaps inadequately irradiated ?) develop 
glands in spite of the radiation ; other patients who had proved malig- 
nant cervical glands arc completely rid of them by radiation only. 
The result of a very careful analysis of the after-histories of such patients, 
and the study of the failures perhaps more than the study of the successes, 
have shown that if radiation is given to the neck to prevent metastasis 
of squamous-cellcd carcinoma, such radiation must be of the highest 
possible intensity, and the dosage the greatest the patient can stand, 
and no less than if actual malignant glands were picsent. It is not so 
much a question of preventing metastasis by irradiating a neck pre- 
sumed to be normal, as of irradiating actually or potentially malignant 
glands at a stage when the disease is so early as to be unrecognisable 
clinically. It is therefore a totally different problem from prophylactic 
irradiation. (3) The general condition and the age of the patient must 
permit a major surgical operation. If the above conditions are not all 
present, block dissection should not be undertaken and the patient 
should be submitted to radiation treatment. 

Block Dissection. 

The anesthetic of choice is a basal narcotic associated with local or 
regional anesthesia. It is admittedly a greater strain on the surgeon 
to operate under local anaesthesia. The use of a basal narcotic eliminates 
the objection of the mental strain on the patient. The advantages of a 
local anesthetic to the patient outweigh the disadvantages to the sur- 
geon. Perfect anesthesia can be obtained by the injection of the second, 
third and fourth cervical nerves at their exit from the intervertebral 
foramina on both sides of the neck ; a 2 per cent novocaine solution is 
used (see Vol. II, pages 1893-1895), or a local infiltration with £-1 per 
cent novocaine solution may be employed ; the latter is an easier 
procedure but the wide infiltration of the cellular tissues of the neck 
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is not without its drawbacks where malignant glands are present. If a 
general anaesthetic is used, gas and oxygen are sufficient ; if given 
through an intra-tracheal catheter, the anaesthetist is out of the 
surgeon’s way. the face can be completely covered up to the chin, and 
the operation field separated from the anaesthetist. 

Operation. 

The operative steps are as follows : The skin is divided by an 
incision extending from the mastoid process to the sternal end of the 
clavicle, between the two heads of the stemo-mastoid muscle {fig. 2735). 
A second incision starts below the cliin slightly beyond the middle line 
and turns downwards and outwards to meet the first incision below the 
level of the hyoid bone. Three skm flaps are next dissected, the first 
upwards with the base at the level of the mandible, the second 
inwards and downwards, and the third backwards. These flaps take 
up the platysma and skin and nothing else ; the fat should not be taken 
up with the flaps. It must be kept in mind that the object of the 
operation is to remove en bloc a complete triangular sheet of deep fascia 
together with the flit, the glands, the stemo-mastoid muscle, and the 
jugular vein. This dissection is started at the lowermost comer of the 
incision (fig 273G). The deep fascia is divided above the clavicle outwards 
and upwards along the mid-line . the lower end of the stemo-mastoid 
is divided completely across, the internal jugular vein is identified, 
separated by the finger from the deep structures, isolated for about 
1 inch, ligatured twice and divided between the ligature (fig. 2737). 
The deep fascia r* then incised upwards from the clavicle to the sub- 
mental area, and is nest reflected outwards by a few strokes of the scalpel 
leaving the infra -hvoid muscles bare and denuded of fascia. As the 
dissection proceeds outwards, the inner edge of the stemo-mastoid is 
reached, and the layer of deep fascia on its inner aspect is taken up 
together with the muscle . the common carotid artery is then exposed and 
is separated with its sheath from the jugular vein. When the dissection 
lias reached the level of the carotid bifurcation, attention is turned to 
the supraclavicular fossa which is cleared by dissecting the fat and 
all the glands upwards ; the transverse cervical veins require ligation. 
The external and anterior jugular veinsare next clamped and divided ; the 
omo-hyoid is cut across and part of the posterior belly removed. The 
dissection of the deep fascia and its adherent structures is continued 
upwards till the lower jaw is reached ; the mylo hyoid is exposed, and 
the submental glands are freed and turned outwards. The submaxillary 
triangle is next dealt with ; the facial vein is divided, the submaxillar)' 
salivary gland enucleated, and Whartons duct cut and ligatured. 
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Care should be taken to preserve the hypoglossal nerve ; the pos- 
terior belly of the digastric is carefully denuded of all fascia. The dis- 
sections from below upwards and from the mid -line outwards meet 
at the level of bifurcation of the carotid ; the glands in this area are 
numerous and sometimes large ; very careful manipulation is necessary so 
that contamination of the wound may be avoided. The lower pole of the 
parotid gland is exposed, and the superficial veins are divided (see fig. 
2738). The upper end of the internal jugular is defined and divided 
between ligatures. The stemo-mastoid muscle is divided as near the 
mastoid process as possible. The division of the muscle and of Wharton s 
duct is preferably done with the diathermy ; the rest of the operation 
is performed with the scalpel or with blunt-pointed curved scissors. The 
clearance of the posterior triangle should be complete, and the spinal 
accessory nerve saved if possible but only without detriment to the 
completeness of the operation. It is advantageous to ligate all vessels as 
the operation proceeds and thus avoid obscuring the field by numerous 
artery forceps. The wound is closed with a small drain ill eacli of the 
three comers. If haemorrhage is well controlled throughout the opera- 
tion and if the anaesthesia is satisfactory there is but little shock. 
Following the operation there occurs some oedema of the side of the face 
which disappears in ten to fourteen days ; there is also slight lower facial 
weakness which recovers in most cases. The complete removal of the 
whole stemo-mastoid does not handicap the patient subsequently, and 
full and normal movements of the neck are the rule. 

Bilateral dissection of the neck is indicated in a few cases, when the 
lesion is centrally situated in the tongue or floor of the mouth, or if it 
transgresses the mid-line. In such cases the ligation of the second 
internal jugular vein should be either avoided or postponed for 2-3 
weeks. It is generally sufficient to clear the submental, submaxillary 
and. carotid glands on the second side. If a bilateral operation is con- 
templated from the beginning, an H-shaped incision is made as 
follows : two longitudinal incisions, slightly curved, are made, one on 
each side of the neck, along the anterior borders of the sterno-mastoid 
muscles ; these two incisions are joined together by a curved, transverse 
incision, with its concavity downwards, and half-way between the jaw 
and the thyroid. By dissecting the central flap upwards and the 
lateral flaps outwards both lymphatic fields are exposed. 



CHAPTER IV 

Benign Tumours and Cysts of hie Mouth and Tongue 

l’A VILLOMATA 

The term papilloma is applied to local papillary new growths, which are villous m 
appearance, and composed of units which grow' on a slender stalk. The tongue and 
the mucous membrane of the mouth are frequently the seat of such tumours. They 
may arise from cutaneous or mucous surfaces and develop in any part of the mouth 
or tongue. Their Bhape depends on the local conditions of the stroma from which 
they develop. Chronic irritation and the consequent hyperplasia of the surface 
epithelium plays a part in the aetiology of some of these tumours ; others can bo 
traced to some specific infection or to repeated trauma. They are therefore sub- 
divided into the three following groups : (1) Congenital papillomata ; these 
have been observed in newly-born infants and young children. Butlin describes 
multiple papillomata of the fungiform papillae and warty lesions on the dorsum of 
the tongue in a young boy, and also localised sessile warty tumours on the dorsum 
of the tongue in a baby of ten months old. (2) Inflammatory papillomata ; it is 
doubtful if this variety is an instance of a true benign tumour. Instances of 
cutaneous and mucous warts due to infection are common, and such lesions as 
venereal warts, condylomata, and gonococcal warts on tho vulva and anus are well 
known. In the mouth they are seen in infants with Riga's disease ; in adults in 
secondary syphilis, as a result of irritation from a carious tooth with sharp edges, 
and superimposed upon various forms of glossitis. These lesions are infective or 
traumatic in origin. (3) Lcukoplakic papillomata ; patches of leukoplakia are 
'<?ry prone to develop papillomata. At first they are short, white, flat outgrowths 
which spread on the surface of a patch of leukoplakia ; they are velvety in appear- 
ance and essentially centrifugal in progress ; sooner or later this type of Ieuko- 
plakic papilloma develops centripetal characters and is transformed into a car- 
cinoma of the papillary type. The microscopical appearance of these lesions is 
that of a flat or villous tumour, red or white in colour, sometimes on a fine pedicle, 
at other times growing from a broad base (see fig. 2739) ; in size they vary from a 
single circumscribed soft w'art to a series of lesions which eventually form into one 
bulky mass which occupies the palate, the check, the tongue, or the floor of the 
mouth. They arc painless unless infected ; they bleed from accidental trauma 
or interference by the patient ; they cause symptoms only by their bulk or from 
infection. Absence of symptoms should not deter the doctor from advising 
adequate treatment. The main interest of papillomata of the tongue and mouth 
centres in their differential diagnosis from malignant epithelial growths of the 
papillary typo and in their tendency to undergo metaplasia, and hence in their 
treatment. Differential diagnosis can only be obtained with absolute certainty 
by means of a biopsy. The tendency to undergo malignant changes 13 
5011 
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heralded by an increasing rate of growth, bleeding, ulceration, hardness of the base 
from infiltration, and hence fixation and loas of mobility. It must be remembered 
that a number of cases of <ur< monu of the mouth begui in the papillary form, and 
o-oqj 03863 are cIm!ca11 -' m| hstinguuhable from papillomata (see figs. 2725 and 

Treatment. 

Treatment of want benign grotrths is of great importance and is n prophy- 
7 ““ !U " “Piinst local niabgmmt disease. The traits can be dealt trith by one 
of the folloirmg methods ■ (1) The lesion can be excised snth the scalpel and the 
base sutured (-) The "are .can be excised tntb the diathermy needle and the base 
iUt^n 7 H f fu dKtro -™ 1 b F <b<t diathermy by gradnal coagulation. 

5 It ^0 1^ °' , 't I 6 ' ° f ' SdlU ' n " K,lles at the ba * ° f tbe 

de~»ru™ rf G mearuo ^ contact X-radiation. The choice of the method 
depend, upon th e facihties atadable. From the author's personal experience 
“ «•“ treatment of benign papillomataTust be 

suebi: S r°* ^ , ™ ,ed ^ ,b = •pp**™ 

therefore. U at"«dged “a7n^ dapn^'T “^'^nt changes. Radium, 
"bile if applied inadequately^ mar stLulat "T "' f ' nU d “ tr0 J' » papilloma. 
Surface s'mdution by he ^et rv t Jr S t'? d “ g,O “ CpitMi0ma ' 
method and is the „ bll ? D £““ d ™ to '* ,be id »' 

osl acceptable to the patient. Some papillomata may remain 
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benign for very long periods, but as neither the cause of their malignant trans- 
formation nor the time at which this may occur can be predicted or assessed clini- 
cally, all papillomata in the mouth should be dealt with without delay. Sampson 
Handley has studied the potential powers of papillomata to develop into cancer, 
and his work is convincing to the extent that, although the primary cause of 
malignancy is quite unknown, papillomata must bo considered as a powerful 
secondary cause. Ewing crystallises the position succinctly as follows : “ The 
development of clinical signs of malignancy is probably much more frequent than 
a corresponding change in the growth capacities of the tumour. Such a change 
may be simulated when an original carcinoma is associated with secondary simple 
papillomata on the surface or in the vicinity which mask the malignant character, 
or an originally malignant process may for a time present a simple papillomatous 
appearance. The first two conditions are exhibited in papillomatosis of the 
intestine, and the last in some malignant papillomata of the larynx. Nevertheless, 
the gradual transformation of a benign papilloma into a malignant tumour has 
been fully demonstrated in the cervix uteri, bladder, larynx, and other locations 
and has usually followed the trauma of incomplete operation, or prolonged chronic 
inflammation.” (J. Ewing, Neoplastic Diseases, 3rd Edition, Saunders, 1934.) 

MUCOUS- AND SALIVARY-GLAND TUMOURS IN TUB MOUTH AND TONGUE 
The so-called “ parotid tumour ” or “ mixed tumour ” is common in the 
parotid gland, less common in the subniaxiliary gland, and has been described in 
Yol. II, pages 1875-1880. That such tumours occur in the mouth, the tongue and 
the palate is less well known, and this alone justifies an account of the condition 
in these unusual situations. From time to time, records of individual cases 
are published, always as a tumour of mixed type in an unusual situation. 
In a monograph by Ahlbom from the Radiumhcmmet, these various tumours were 
studied and the name of “ mucous- and salivary-gland tumours ” aptly applied to 
them. Besides the two main salivary glands, such tumours occur in the tongue, 
soft and hard palate, checks, lips, and also in situations outsido the oral cavity 
(auditory canal, larynx, lachrymal glands, etc.). Descriptions of such tumours 
date back to Sir James Paget who, in 1851, described a “ parotid ” tumour in the 
lip, while Stephen Paget, in 188G (St. Bartholomew's Hospital Reports, 1886, 22, 
315), collected 31 cases of tumours of the palate ; in all, enucleation was found not 
only possible but easy and the tumours were considered benign. Since then an 
extensive literature on the subject has accumulated and individual cases are being 
reported from time to time. The aggregate of these cases shows that the disease 
is not at all uncommon. In 1935 a monograph on these tumours, both in the mam 
salivary glands and in outlying situations, was published by Hugo E. Ahlbom. 
The material on which the study is based consists of 254 cases treated during a period 
of 23 jears. The name applied by Ahlbom to this type of tumour in the mouth 
and in the main salivary glands is “mucous- and salivary-gland tumours,” 
adopted from Krompecher. It seems that this name has come to stay and will 
eventually replace such terms as “ mixed parotid tumour or “ salivary-gland 
tumour.” This name implies that at least part of the tumour arises from mucous 
glands or salivary glands in an adult or embryological state. Histological studies 
of these tumours, both in their main and accessory situations, have led to different 
conceptions as to their origin. The various views can be summarised as follows : 
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(1) That these tumours are an overgrowth of embryonal rests, being mixed adeno- 
myxo-chondro-fibromata, which arise in connection with the periosteum of the 
mandible, and Meckel’s cartilage. Malignant changes occur in such previously 
benign tumours. (2) That they arise from the endothelium of the lymphatics and 
capillaries. Some cells und ergo mucoid degeneration, others form fibrous tissue. 
(3) Billroth and others called these tumours “cylindromas” arising from the 
epithelial cells of the alveoli and ducts. It is evident that various authorities 
ascribed to these tumoura either a mesenchymal or an epithelial origin or a dual 
nature. 

Clinical Features. 

The frequency of mucous- and salivary-gland tumours, according to various 
writers, varies from 1-2 to 5-3 per cent of all tumours. Of all these, the majority 
(75 per cent) are in the parotid or sub maxillary glands. Of the rarer situations the 
palate is the moat common site. From the Studies by Wood ( Ann. Surg., XXXI X, 
15W), Schreiner and Ma trick ( Jnn. Journ. Ranigen., 1&29), and D. H. Patey {Brit. 
Journ. Surg., 1&30, XVIII, 211), together with the cases from the Radiumhemmet, 
Ahlbom tabulated the relame frequency of the situation as follows : 



Radtumhenimet 

Wood 

Schreiner 

Patey 

Parotid region 

177 

26 

Mat tick 

45 

38 

Snbmaxillary region 

13 

13 

7 
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Sublingual region 

2 

- 

- 

I 

Mouth . 

C 

1 


1 

Lip 

2 

4 

1 

I 

Soft palate 

6 

1 

3 

2 

Hard palate alveolus etc. 

31 

I 

6 

3 

Tongue 

3 

_ 

1 

1 

Oro-pharynx 

5 

2 

o 


Xaso-pLarynx 

I 


_ 

_ 

Ear (external and middle) 

2 

_ 

_ 

_ 

Laryas and trachea 

3 

_ 



Or bat (larl.rymal glands) 

1 

_ 

_ 

_ 

Skm 

2 

_ 

_ 


Total 

. 251 

*48 

65 

53” 


From the above table and from other references it is seen that whereas in the 
cav of the lipg ami buccal mucosa the tumours are of great rarity, in the palate, 
oa the other hand, they are not uncommon. As regardsage distribution the frankly 
bemgn tumours occur mostly in the fourth decade and those of semi-malignant 
and malignant nature chiefly in the sixth decade. According to the statistics of the 
Kadmmhemmet, the berugn variety occurs more frequently in women (65 per 

7 *" ,te type occur, in equal 

proportion m men and women. 

The .ymptom, produced by tie intra-oral group of tumours, chiefly the palatal 

tatifc-T t /a bWi “S!- tkStnalty in ,w Jorof and 

inability to keep the tipper denture m position, hut in most patient, the disease 
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causes no symptoms at all and the presence of the tumour is either discovered 
accidentally or the development of further symptoms is awaited before the doctor 
is consulted. Tho tumours in the check or palate are round or oval swellings 
covered with normal (non-ulccratcd) mucous membrane, slightly yellowish in 
colour, smooth when small in size, and nodular when larger. They may grow to a 
considerable size ; cases have been described where tho tumour lias perforated 
through the hard palate into tho maxillary antrum. One of my patients had such 
a tumour for sixteen years ; it had grown backwards into the oro-pharynx and 
finally downwards on tho aperture of the larynx earning obstruction ; tlus patient 
had a tumour tho size of a tangerine orange (fig 2710), for which a tracheotomy 
had been performed six years previously In tho tongue these mucous- and 
salivary-gland tumours may occur in the tip or inferior surface, possibly from the 
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glands of Blandin, and also in tho vallecula. They are enoapsulcd and benign and 
are commonly described as adenomata. As these tumours grow m sire 
difficultics by their position or sire and also as they do at tunes undergo maliguan 
changes, treatment is indicated. Ahlbora emphasises t e nee or car y . 
in all eases ; his conclusions are drawn from a very careful study 
series of cases yet P“ kl “ W ' "°" "1” ™l ys c ll interpret. These 
^ win no doubt “ ^1“-; 

inthetreatmentofsucbtumoumi 

of mucous- and salivary-gland tumours auom j /o\ 

■ ■ , . » a severe degree or advanced old age. (-) 

tumours should be enucleated without pre-operative rotation m aU other rases 
treatment should start with fractional enterna radmtion. (4) Most tumoum of 
this type are either radio-resistant or only slightly radio-sensitive , they should be 
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irradiated with moderate doses and operated upon. The choice of the method of 
operation depends upon the nature of the tumour, and this should he ascertained 
as accurately as possible. (5) Radio-sensitive tumours should be given a large 
dose of external radiation or a combination of external and interstitial irradiation. 
It is wiser to use radio-surgery for the most part in tumours of this type. (G) After 
operation on the benign or semi-malignant tumours, radium should be placed in 
the wound cavity (7) In operations on tumours in the oral cavity, diathermy 
should be used if possible. (8) Excision of lymphatic glands need not be performed 
unless enlarged glands can be palpated and do not disappear after radiation. 
(9) Even if these prmciples are followed, the treatment must always be adapted 
to a certain extent to the individual facts of e\ ery case. 


BENIGN CONNECTIVE TISSUE TUMOURS 

Lipoma. 

Lipomata are occasionally seen in the buccal cavity, either in the substance of 
the cheek or in the tongue. They generally occur after the age of fifty and most 
frequently in the sixth decade The following types are known : (1) Single, 
superficial tumour tending to become pedunculated; (2) deep-seated intra- 
muscular; (3) multiple; and (4) diffuse. The single variety is commonly found at 
the borders of the anterior half of the tongue. It is covered bysmooth, thin mucous 
membrane devoid of papillae , it is soft and pseudo-fluctuating, yellowish in colour, 
grows slowly, and causes no symptoms except by its bulk. If it causes symptoms 
it should be excised The deep-seated variety is more difficult to diagnose and may 
be mistaken for a dermoid cyst or a soft fibroma ; if it comes near to the surface, 
especially on the inferior aspect of the tongue, its yellow colour distinguishes it 
from the latter. Treatment consists in enucleation. Multiple lipomata and diffuse 
lipomata occur in association with similar lesions elsewhere, particularly in the sub- 
cutaneous tissues of the neck. They require no active treatment unless giving 
rise to symptoms, when excision is indicated. 

Chondroma and Osteoma. 


Eooe and cartilage are found in congenita] tumours of the tongue such as 
teratomata As separate clinical entities they are extremely rare. Most cases 
of true osteoma of the tongue have been found in women. They are slow-growing, 
generally pedunculated, painless, small in size, round or oblong in shape, covered 
inth normal mucous membrane, and hard on palpation. On section, these tumours 
show a normal outer layer of stratified epithelium lined by a layer of connectivo 
tissue meigmg imperceptibly into periosteum; in the centre is compact bone 
with Haversian canal, and osteoblasts. The tumours are, of course, opaque to the 

Treatment “ ex ™ iuli “ » “tried out the diagnosis is established, 

.treatment consists m simple removal. 

Rhabdo myoma . 
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is t ery iliiiicult, most cases being mistaken for fibromata. 
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Fibroma. 

Fibromata arc slowly growing tumours of undetermined origin. They consist 
of fibroblasts, fibrils, and blood-\esscls and lymph* vessels. The cells are larger 
and more numerous than those of normal adult connective tissue. They vary in 
consistency and rate of growth. They occur in the tongue and mouth, and arc noted 
sometimes from birth, in other cases beginning in a middle-aged patient. They arc 
generally situated on the dorsum of the tongue, either in the mid-line or on the 
edge ; the mucous membrane over them is intact, but is generally adherent to the 
underlying tumour and devoid of papilla;. Most fibromata aro small, hard, 
roundish tumours ; occasionally they arc pedunculated. A xanthoma closely 
resembles a fibroma ; it occurs in patients with diabetes, and is a type of fibroma 
characterised by an abundance of lipoid granules in large polyhedral and spindle- 
shaped cells. It may be the only xanthomatous lesion present, or may occur in 
patients with similar tumours in the eyelids, pharynx, or in the skin. Simple 



ft?. 274!.— XziiionBRniii or the totoue. Fig 2742 — UiCEOUCoriCAI. ArrEAkAxCE or 

The hi Coes membrane was intact. ttmouk iUxsTMTeo iv Fig 2141. 


excision both establishes a diagnosis and rids the patient of the small tumour. 
A neurofibroma may occur in the tongue either as a single localised lesion (figs. 
2741 and 2742) or as a diffuse neurofibromatosis of the \\ hole or half of the tongue. 
It may be the only lesion or part of a diffuse neurofibromatosis. The histo- 
logical structure is that of a plexiform neuroma. 

Epulis. 

Epulis is a term applied to a lesion situated on the alveolar border in close 
relationship to the gum around a tooth. It is regarded as a borderline lesion, 
either inflammatory or neoplastic in nature. It originates from the mucous 
membrane close to the periosteum of the alveolus. It is considered as a benign 
tumour of connective tissue origin. It occurs with equal frequency in both upper 
and lower jaw, more frequently in women than in men, and generally in childhood 
or in early adult life . In order of frequency, an epulis appears chiefly near the canine, 
then the bicuspids, the first molars and the incisors. On histological examination 
three varieties are recognised : (1) Fibrous epulis or fibroma ; (2) fibro- 
angiomatous epulis ; and (3) gtant-ceZled epulis. Although histologically benign, 
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they behave at times clinically as locally malignant tumours. The tumour starts 
as a small projection between two teeth which it loosens, and grows outwards over 
the alveolar margin. Hie mucous membrane over the fibrous type is normal in 
appearance. The tumour itself is a small, round, red, vascular nodule, varying 
from 1-2 mm. in size to that of a cherry It does not ulcerate till very late and then, 
as a rule, following trauma. Removal is indicated in all cases ; this should be done 
preferably by diathermy when excision is followed by figuration of the alveolar 
margin. 

Vascular Tumours 

N(pii or angiomata not infrequently occur in the mucous membrane of the lips, 
buccal mucosa, and tongue They are nearly all congenital in nature although some 
of the lesions do not appear till a few years after birth. They may be single or 
multiple, and the latter usually involve areas of the palate and cheeks, gums and 
lips as well as of the tongue (fig. 2743) The capillary and the cavernous types may 
be present in the same patient. The former cause no symptoms except occasional 
bleeding caused by trauma , the latter may increase in size sufficiently to cause 
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arc left in position for twenty-four hours and then withdrawn. Complete 
disappearance of the tumour follows ; if residual small areas persist, they are 
treated again after an interval of a few weeks. 

Macroglossia. , , , 

Macroglossia, or enlargement of the tongue, may be due to muscular hyper- 
trophy, to neurofibromatosis, or to lymphatic hyperplasia. In all tlirco varieties 
the tongue is enlarged, at times too largo for the mouth, speech is impaired, and the 
surface of the tongue undergoes changes partly due to the original cause of the 
disease and partly to pressure of the tongue on the gm.ni and teeth 

Muscular hypertrophy occurs mostly in mentally defective patients, partic- 
ularly congenial imbeciles or cretins. The enlargement is symmetrical and 
generalised. The condition remains stationary, but secondary changes occur if 
the tongue is constantly exposed to the air. Similar change and enlargement 
may ho due to mercurial excess in the treatment of syphilis or to chrome nfiam- 
matory changes. The condition requires no treatment, but in selected cas 
diminution in size of the tongue can ho obtained by wedge-shaped central resection, 

or by marginal resection. Tf 

Lymphangiomalous uutcroglossta is duo to dilatation of lymph spaces. It may 
he congenital or acquired. The dilatation may be duo toobstrucionofympha 
vessels following attacks of inflammation or to a hyperplasia of the lymph spaces 
and the surrounding tissues. The lymphangiectasia may be diffuse or caW 

forming clinically a tumour-lymphangioma or ymphatic nmv-us T o doma 

surface of the tongue is covered by a group of dilated vetch* ' —tg .dear 
lymph. When the condition is widespread, the moscle-fibrcs of b » ‘“ n S u “ 
separated by the dilated lymph spaces and the followmg change occur . 0) 
Thin-walled coiled arteries replace the capillary loops between «to vesm « 
(2) The veins become dilated, tortuous, and more numerous (3) Uotmd called 
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round cells form nodules in the fibrous aud muscular tissues of b 
The muscular fibres are compressed, undergo atrophy, and m *.m. 
entirely. The tongue undergoes progressive enlarge, nen £ 
too large to ho retained in the mouth. J when the oon aitiou is 

appearance in the early and late stages. In tnc c y i j n 

superficial, it differs but little from that of “ is intersected by 

cases where the disease is widespread, the s Wnmps drv and 

deep sulci and the papilla, are enlarged. Eventually the tongu i becomes dry and 
discoloured. Extreme deformity occurs in advanced « “ “f“, 

the mandible is altered and the incisor teeth are d B p , ac. ; d outwar^ Treatment 
consists in removal of part of the tongue or in mradration by means of radon seeds 

CYSTS 

SS’form of cyst which l 

retention cyst due to obliteration or obstr * ^ thjJ lipg> and are bluish, 

mucous secretmg gland. They occur m°s ^ ^ of thc cyst jg very thin, 
transparent, painless, soft, or tense swel g . situated either on 

the contents a clear glairy duid. In the tongue suj^teare situ^ ^ ^ 

the lateral margin or in the vallecd * ’ 6 ^tbmg^by displacing the epiglottis 

fere with swallowing, or cause stertorous mnb 



5020 


POST-GRADUATE SURGERY 


and obstructing tlie laryngeal opening. Cases of death from asphyxia due to 
simple mucous cysts are recorded. 

Dermoid Cysts . # 

The characteristic situation of a dermoid cjst in the mouth is the nud-Iine, 
anteriorly, below the tongue or in the floor of the mouth. They appear in early 
adult life, although congenital in origin, and are slowly progressive. A dermoid 
cyst by increasing in size will displace the tongue upwards and backwards and also 
present in the submental region. The walls are thick and opaque, the consistency 
char ii teiLHtically dough-like. The swelling is soft and painless ; unlike a lipoma 
it is not lobulated and sometimes pits on prr v>ure. The cy 0 t wall is lined with 
stratified squamous epithelium. These cysts originate in the median raphe of the 
tongue and extend downwards and backwards above tbs mylo-hyoid and between 
the two genio-hjo-glossi. They contain a fatty, pultaocous, semi-fluid material 
composed of cholesterin, fatty acids sebaceous material, and sometimes hair and 
teeth. Clinically they are recognised bv their median position, the swelling in 
the submental region, the displace ment of the tongue w liich retains its full range 
of mov ement, the yellowish colour and the typical consistency ; speech is impaired, 
and this as well as the deformity requires treatment. Treatment consists in the 
removal of the cyst The operation should preferably be done through the mouth 
and not from the submental region Under a general anaesthetic a transverso 
incision is made in the floor of the mouth over the swelling ; unless inflammatory 
adhesions due to previous incision are present, the mucous membrane of the tongue 
is easily stripped from tin* underlying ejat wall ; by blunt dissection the cyst is 
separated from the genin b\ old and in most cases can be completely shelled out. 
The wound m the floor <>f tie mouth is closed by interrupted catgut sutures with- 
out drainage Rodund int mucous membrane should not be removed, as healing 
occurs more readih if ih n* is no tension on the sutures; sublingual oedema 
which occurs aft< r tin njh-rdtion subsides in a few days. 

Thyroylossnl ( 'y>t^, and Lingual Thyroid (see also Vol. II, pages 1917 
and 1936) 


Tliyroglo>ial cysts or tumours are congenital abnormalities due to 
tlie persistence of a tract leading from the foramen caecum to the region 
of the hyoid. The abnormal developmental remains occur either on 
the surface of the tongue (Ungual thyroid), inside the tongue (deep to 
the foramen ciecum), on the floor of the mouth (below the mucous 
membrane and above the hyoid bone, clinically in the submental 
region), or lower down in the neck. The tract may be completely 
obliterated, the lingual or infra-hyoid portions alone remaining, or it 
may persist, leadmg from the hyoid to the foramen ccecum or a little 
distance from it. The remnants may undergo hyperplasia or cystic 
degene.* , „„ similar to the changes which occur iu the normally 
situated thyroid gland ; or infection in the tract may supervene and 
lead to sinus formation. The clinical importance of abnormal thyroid 
remains lies in the fact that sometimes such remains constitute the only 
th - vrolJ the P 1111 ™ 4 possesses and their removal has not infre- 
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qucntly led to myxocdcma. The lingual thyroid is, as a rule, discovered 
accidentally by the patient or on a routine examination of the mouth ; 
in most cases it forms a mass behind the V of the circumvallate papillae ; 
the size varies from a small nodule to an appreciable quantity of 
thyroid tissue large enough to give rise to symptoms. The colour 
is purplish-red ; the mucous membrane over it is very thin and 
denuded of papilla) ; the mass appears slightly tabulated or is multi- 
locular, mulberry-like, and of soft consistency. Haemorrhages may 
occur inside the mass, leading to temporary increase in size and altera- 
tion in colour. Periodic variations in size occur sometimes in young 
female patients synchronously with the periods. In the vast majority 
of cases the condition requires no treatment and causes no symptoms ; 
where the symptoms arc slight, active treatment, such as removal, is still 
contra-indicatcd ; hamiorrhage or cystic degeneration, however, calls for 
treatment, and this should consist in partial removal of the Ungual 
tumour with the diathermy loop or repeated surface coagulation wit h the 
diathermy button. Unless there is definite evidence of thyroid tissue in 
its normal situation, total removal of the lingual thyroid should not 
be undertaken for simple hyperplasia. Differential diagnosis consists in 
the distinction between a lingual thyroid and a mass of lymphoid 
tissue, or lympho-epitliclioma ; if there is doubt as to the nature of the 
swelling, biopsy is indicated. Atrophy of a lingual thyroid or diminu- 
tion in size can be obtained by X-radiation, and this should be the 
primary method of treatment before operative measures are considered. 
Malignant changes in a lingual thyroid are not unknown, but they are 
extremely rare ; adcno-carcinoma and papillary carcinoma, similar in 
every way to malignant changes in the normally situated gland, have 
been described. In such cases there is, as a rule, a Jong-standing history 
of a swelling at the back of the tongue, the malignant changes super- 
vening later ; the course of the disease and the occurrence of meta- 
stasis is typical of thyroid carcinoma. The thyroglossal tumour which 
occurs in the base of the tongue presents itself either as a tumour in 
the floor of the mouth or as a swelling under the chin. Under the tongue 
it must be distinguished from a dermoid or a ranula ; in the submental 
region it may be mistaken for a lipoma. Like most pathological con- 
ditions of the thyroid, it is more common in women than in men ; 
the swelling and its variations in size call attention to the con- 
dition ; surgical treatment is only exceptionally called for if the true 
nature of the swelling is recognised clinically. The manifestations 
of aberrant thyroids in the neck and thyroglossal fistula) are considered 
in Vol. II, page 1917. 



CHAPTER V 


Syphilis of the Mouth and Tongue (see also page 5303). 


Tin manifestations of syphilis in the mouth, as elsewhere, present a clinical 
i< s< nititiuu << to many other oral a Sections. The diagnosis has been rendered 
casiir l»y recognising the spirocliBctes in the primary lesions, by the positive 
\V iwrnuum or Kahn test about tho tliird w cck after the appearance of the primary 
lesion, and by tho rapid disappearance of the manifestations following anti- 
k\ pluhtio treatment. Thero arc thus few cases to be seen nowadays such as fit the 
description of tho older writers where confusion occurred between imperfectly 
treated lesions and tho sequence of cxcc&si\e administration of mercury. 

Primary Inoculation of Syphilis in the Oral Cavity. 

Inoculation of syphilis upon the lip and tongue is an exceptional occurrence 
and likely to bo overlooked, yet it is more obvious than a chancre elsewhere because 
of tho constant and rapid sequence of the primary sore, the enlargement of the 
corresponding lymphatic gl.iuds, and the rash on the chest and flexor aspects of the 
anus. Moreover, tho spirochata pallida is invariably present in the secretions 
fiom tho lesion. The frequency of primary syphilis in the mouth is indicated by 
Fournier as follows: “ Amoug G12 coses of extra-genital chancre, 328 occurred 
on the Up. and W on the tongue ” (Fournier, Lcs Chancres Extragenilaux, Paris, 
li>9 1 ). The infection is a direct transmission by the saliva from mucous patches 
in tho month of a case during tho early secondary stage of syphilis, acquired or 
hereditary. The history of a previous excoriation, such as a cigarette burn on a 
hp or tongue is not essential, although authenticated cases exist, as the spiro- 
ehivt.u may made to pass by friction through apparently intact mucous 
membrane. 

Chancre. 


The most einmuinl into or an extra genital ehauero ia the Up (see fin. 2915). 
1 u dl>uily freipient m Will cxea and occur. at all ages fom inf anc7 to old 

' the majority of ram an- well in young adult.. A single lesion U the rule, 
ml two or mom primary diiuii n-s lum- Wen oUcrved. Clinicalle the lesion may 
lv illivraltw, hypertrophic. or enw. These are merely variations due to 

o'" '™* : *JTr U produced by superadded peogenic 

mUHtiou, tin. \rosno \anety is the commonest tine* it inw 
mstgniWanl a, 111 W lauiipletidy m^uimii-ally. Wi^rcanmedto Wr aT^Se 
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Chancre of the Tongue . 

The most common situation of a Ungual chancre is the tip of the tongue or the 
dorsum immediately behind the tip. It is generally a solitary circular lesion 
1-3 cm 3 . in diameter; multiple small lesions may occur in a tongue with super- 
ficial excoriations. It is slightly raised above the surface of the tongue, excoriated, 
and dusky brown in colour. Surrounding the chancre is a zone of oedema, Jess 
marked, however, than in chancres of the lip. The clinical appearance, the sub- 
sequent glandular enlargement and cutaneous eruption, the absence of pain, 
and the indolent character of the primary lesion and of the glands should make the 
clinical diagnosis relatively easy. More diflicuky attends flic very exceptional 
inoculation of a chancre towards the back of the tongue ; this is most commonly 
scon in women, the chancre being associated with a traumatic lesion due to a 
carious molar tooth or an ill-fitting denture with sharp edges. Following the 
appearance of a chancre in the mouth, there ensue the early manifestations of 
generalised syphilis. 

Early Generalised Syphilis. 

Syphilitic lesions appear on the lips and in the mouth during the secondary 
stage of the infection. These manifestations follow the appearauce of the chancre 
by two or three weeks and may not appear till after the cutaneous secondary 
lesions have disappeared. Clinically the varieties of lesions arc described as 
macular, erosive, papular, and ulcerative ; they merge into one another and 
occur simultaneously, but not with equal frequency. The commonest variety is 
the erosive syphilide or mucous patch ; the macular syphilide is often so transientas 
to he overlooked ; the papular variety is, as a rule, confined to the dorsum of the 
tongue and angles of the mouth ; the ulcerative secondary lesion occurs from 
superimposed pyogenic infection. 

The erosive syphilidcs appear on the mucous membrane of the lip, the tip 
and sides of the tongue, the inner aspects of the cheeks behind the angles of the 
mouth, the pillars of the fauces and on the palate. Essentially they begin by the 
spirochetes invading the small blood-vessels of the papilla), which become swollen 
to form a papule 1-2 cms. in diameter and predominantly oval. A greyish-white 
film of epidermis, macerated by heat and moisture, is raised and becomes covered 
with mucus and fur. There is no marked inflammatory areola, and the whole 
process, whether single or multiple, is indolent ; generally the lesion is a multiple 
one. Under the tongue w here the patches are least disturbed by the teeth or passage 
of food, the swelling of the papilla) is the more marked, so as to resemble a cauli- 
flower-like papillomatous swelling, more a dead white than elsewhere, and to this 
the old term, condyloma, is the more applicable. Uncomplicated by oral sepsis, 
carious teeth, or ill-advised irritating applications, erosive syphilides cause little 
disturbance in mastication, and naturally have but a short existence. Soon after 
their appearance there follows an erythematous eruption in the fauces which 
may advance to ulceration of the tonsds ; at the same time occur skin eruptions 
and the falling out of hair. The appearance of the mucous patches varies con- 
siderably, and depends largely on the part of the tongue upon which they rest. 
The best examples are those which occur far back on the dorsum, or on the under- 
surface near the tip. A typical mucous patch on the dorsum near the circum- 
vallate papilla) is generally rounded or oval in form, and appears as a greyish-white 
plaque, slightly raised above the surrounding parts. It is sharply defined, yet the 
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size, 
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organisms. 


beta U usually not quite regular but 

i ii: nD , UI Jess there is accidental contamination by pjogemc 

£TZ — T- auitc-ooth U^von, hut U 
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slightly raised base, which is defined from the surroundmg parts by its smoothness 

a ° d On C the r ^Murfaee of the tongue the patches not infrequently appear as 
exccllentexampl is of tondt lomata. « h.rh ar > warty oroaullQower-llkecrcreSCCnceS. 
The surface is white, and as a rub, a mor- dead white than that of the patch 
the dorsum On the tip and borders the cliaracton of mucous patches are ofto so 
modified that the appearances th-v present aie aery different from those which 
have been described Th-re the border, are frequently sinuous or deeply notched 
and immediately besond i< a bright red areola, extending for about an eighth 
of an inch into the surroundmg natural red, with which it gradually fuses. I e 
surface of the patch, instead of being smooth or warty, may become ulcerated 
or deeply grooved, or spread out and marked by vertical lines of red and white 
alternately , this is due to the pressure or rubbing of the teeth or stumps of teet 1 . 
The ulceration may be merelv superficial or it may extend deeply into the substance 
of the tongue. The first appearance of the mucous patch is usually in the form of 
a very small and slighth raw'd white-grey spot, perhaps not larger than a small 
split pea , hut it quickly enlarges, without any sign of inflammation, and, unless 
it be ulcerated or injured, is probably unnoticed for a time by the patient. Sev eral 
patches may coale-.ee and m this manner some of the large and most irregularly 
shaped patches may tx- formed. The entire patch may enlarge in all it3 diameters 
so as to presen e its original ov al shape ; or it may spread over the adjacent 
surface of the tongue bv irregular processes. If left untreated, mucous patches 
may remain very little altered for a long time, they may extend slowly, until a 
large part of the surface of the tongue is covered by them, or they may undergo 
some of the changes which have been described, may lose their white coating, or 
may ulcerate on account of the irritations to which they arc subjected. They may 
heal, too, spontaneously, for many persons pass through the entire period of 
secondary syphilis without treatment, and all the symptoms disappear. The 
secretion which comes from these mucous patches and the discharge from the ulcers 
are contagious. In the absence of irritation, and under active treatment by 
mercury and arsenic, fibrosis sets in and the lesions heal. Ulceration only follows 
upon aggravation by oral sepsis, excessive administration of mercury, abuse of 
alcohol, and imtation through smoking. 

Differential Diagnosis of Oral Han ifestat iont of Secondary Syphilis. 

The acute manifestations of the secondary stage of syphilis as they appear 
clinically m t he mouth must be differentiated from the \ arious following conditions : 
(I) Small multiple traumatic lesions interfered with by the patient or inadvisedly 
treated by silver nitrate ; (2) Mercurial and arsenical stomatitis ; (3) Herpetic 
lesions in the stage w hen the \ eaicles have ruptured and multiple small raw surfaces 
are present , and (4) Gingivitis and stomatitis due to acute and severe infectioD 
with Vincents spinlli. Such lesions, however, can be recognised by the severe 
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symptoms (absent in syphilis), fever, marked salivation, peculiar and characteristic 
feetor of the breath, and expert bacteriological examination. The enlargement of 
the glands is often misleading. 

Lute Oral Manifestations of Generalised Syphilis, 

The late lesions arc produced by vascular and perivascular invasion by spiro- 
chetes, ending in fibrosis and in epithelial changes, such as are seen in leukoplakia. 
A more extensive lesion tending to necrosis at the centre, and possibly followed 
by an invasion by pyogenic organisms, forms gummata— whether multiple and 
discrete, or massed into a tumour-like swelling. Alternatively, the gummatous 
stage appears as a progressive sclerosis, spreading from the epithelial surface 
inwards into the muscular substance, and aggravated by sources of irritation, and 
this sclerosis formerly produced such an enlargement of the part or of the whole 
of the tongue as to be called syphilitic macroglossia. 

A single gumma, not superimposed upon an earlier lesion, occurs by preference 
in the median raphe of the tongue, where it forms an indolent swelling covered 
by intact mucous membranes. Near the surfaco it may be noticed first as being 
about the size of a pea. 

If the gumma undergoes necrosis at the centre and breaks down, there is added 
pyogenic infection, and a deep ulcer or an indurated fissure forms. The lesion 
on the whole is so far painless, hence it may be neglected until cancer has super- 
vened. Especially is this the case at the base of the tongue and at the junction 
with the pillar of the fauces. 

Unbroken gummata may be quite superficial or deep (sometimes called paren- 
chymatous). Both forms are much more frequently observed in males than in 
females, and may occur at any time during the period of tertiary syphilis, but on the 
whole are seldom observed until several years have elapsed since the inoculation 
of the primary disease. 

The sujxrjicial yum mat a occur more frequently upon the dorsum than at 
the tip or borders. They form projecting nodes and nodules of various size in 
the mucosal and submucosal layers, and arc felt as little hard bodies. They 
arc at first quite indolent and are not noticed unless they project more than usual 
from the surface, or are irritated. The mucous membrane covering them is at first 
papiliated when they occur in the papillary area ; but when they extend towards 
the under-surface it continues quite smooth. The colour is at first natural, later 
becoming redder. As a rule they are multiple, but occasionally a single super- 
ficial gumma is observed. They may remain for a long time unbroken, continuing 
in some patients for many weeks or months unchanged, but this is more usual in 
deep than in superficial gummata. 

The deep or parenchymatous gummata are usually much more formidable 
affections, more difficult to diagnose, and much more destructive than the super- 
ficial, unless the latter are very numerous. They may occur in any part of the 
muscular substance of the tongue, but tend almost exclusively towards the dorsal 
aspect, whether they are situated near the borders or towards the middle line. 
They occur as often at, or near, the borders as near the middle line, although they 
are said to affect generally the central parts of the tongue (see fig. 2744). They attack, 
for the moat part, men at or about the middle period of life ; but they are met with 
in women as well as men, and are not unknown in children, for they may result 
from congenital syphilis. They have even been seen in the tongues of infants, 
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but this is very rare. Deep gummata vary greatly in sire. Tbey maybe qmtesmsU 
or they may attain the size of a harel-nut, or even of a small walrmt bnt the very 
w gTUnmatoas masse, are generally the remit ot the conglomeration of several 
annunata. Although they may vary thus in dimension, large sue AS the rule and 
•mall (such as that of the superficial gummata) the exception. They may lie at 
almost any depth in the substance of the tongue, and when very deep they are 
scarcelv appreciable to sight, as they form only a slight bulge or rounding of the 
dorsum. But thev can be palpated as rounded or oval tumours, not very clearly 
defin'd filing almost like a foreign body in the substance of the muscle, surrounded 
bv a lar-r of mhained tissue. They are also very indolent, producing very little or 
no -pontaneons pain, and are not usually tender irhen handled. The mucous 
membrane covering them is unchanged, unless they are threatening to break. 
Pueh gmmmita may be single or multiple. Perhaps multiple gnmmata are rather 
more frequent than single gumnuta ; and uhen they are multiple, the tumours 



may be either separate and lie far apart, or may be close together. They may, as 
has been stated, become conglomerate, and so produce very large, irregular masses. 
The natural tendency of gummata, whether superficial or deep-seated, is to break 
down and produce ulcere ; but they may remain a very long time unbroken. 

The more superficial of the deep gummata project as prominent rounded 
masses on the surface of the tongue, almost invariably on the dorsal surface. Their 
characters are similar to those of the deeper t om oure, but their limits are easier to 
define, and their hardness is more evident. The mucous membrane over them is 
generally smooth, and, if they are very near the surface of the papillary area, is 
often devoid of papilla. Bnt unless the tumour is softening, the colonr is not 
usually changed. 

In the progress of the disease the tumours become softer, and approach more 
nearly to the surface. They still retain their rounded or oval form. They enlarge, 
and the mncoU3 membrane becomes smoother and redder over them, and sometimes 
they become tender, but very seldom actually painful before they break. Fluctua- 
tion may sometimes be plainly detected in the larger tumours. 

The diagnosis of superficial gummata h not so difficult as tha t of the deep masses. 
TCiey are so much more commonly multiple than single ; they are often situated 
in parts of the surface of the tongue which are not easily irritated ; they tend to 



TONGUE, MOUTH AND LIPS 


5027 


break down at an early period ; and they are so frequently accompanied by other 
siros of syphilis that they are generally easy to recognise. A single small super- 
ficial gumma, especially if it is situated on tho border of the tongue, may be more 
difficult to diagnose ; it may be mistaken for a carcinoma in a very early stage 
when it has scarcely yet become a cancer and is rather in the prc-canccrous stage. 

If there is a rough tooth opposite tho little tumour, the diagnosis can hardly be 
made in the absence of a history or other sign of syphilis. But the real nature mil 
soon appear on removal of tho tooth and on the administration of iodide of 

of deep gutmmla may be so clear that it is impossible to be 
mistaken in it ; and, on the other hand, it may be so difficult that it may be qmto 
impossible to arrive at a correct conclusion. Tho two conditions which me mo. 
likely to be mistaken for guinmata arc innocent tumours, such as fattj and fibrous 
tun, cum, and carcinoma, especially in the early stage of the nodular vnrietyjl, 
innocent tumours are very often polypoid; gummata are never so. 
tumours aro almost always clearly defined, elastic, and separate from the natural 
structures of the tongue ; guinmata aro usually less sharply defined, 
and inelastic, and aro not separate from the surrounding teatums. ■ innocent 
tumours arc moro often single, gummata more often multitp e- 
arc sometimes tabulated ; gummata arc never tabula c , a g 
of lobulation may be given to a gumma by tbo c lose ^ 

them. A cancer very often fornui opposite to, and as the result of the irritation ; , 
a carious tooth; a gumma has no connection with a « '■ - nt j 

usually a disease of persons over forty years of i age , a ^ - t a j| 

observed in persons between twenty-five and thirty-fi\i a ) ca • ^ 

doubtful cases the prcscnco of other signs of syphilis mus c car > 
the history of syphilis inquired for, and a Wassermaim 

A gumma may be mistaken for a cliromc abscess, u TOU nded shape, 

more clearly defined than the gumma ami hi>5 “ p roba U 0 that the 

Unless, however, there arc associated signs of syp . asoiratin® 

diagnosis will uot be made with any certainty without puncturmg and aspuatm, 
the tumour or testing the effect of anti-syphilitic treatment. 

Again, it is possible that a gamma may be ***** ^ hUtory of 

more probably, that a foreign body nmy to r^ta ra^or a ^ 

an accident, and the tang continuance of tho conditions on 

together with the absence of history and signs of syphibs, are tbs conditrons 

which the diagnosis will depend. 

blocking the naso-pharyngeal airway, mvolvmg . be3 _ resalting in aur3 l inflam- 

and also blocking the orifices of the Eustachia 

mation and deafness. , , h d pa } ate an d quickly 

The gummata may form at the hrnder part of ^ 

perforate into the nose. There are then s p twang to the 

deformities: regurgitation of food into the nose, and a nasal g 

voice. 
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A gummatous ulceration, aided by pyogenic organisms, may rapidly destroy 
tbe whole of the palate, both hard and soft. 

Perforating Ulcer of the Mouth. 

Fournier gave the name of “ Mai perforant buccal ” to a syndrome accom- 
panying locomotor ataxia in three phases : (1) an absolutely painless and other- 
wise spontaneous falling out of teeth which were previously sound and unaffected 
by caries ; (2) an insidious absorption of the alveolar border of the maxilla — so 
far these do not differ from changes seen in old age, but (3) after a variable length 
of time a painless ulceration and sequestration, without haemorrhage, occur with 
perforation into the maxillary antrum. Fournier described the syndrome in a 
case w which the cranial nerves had not yet become involved. 

Treatment. 

Tbe treatment of syphilitic lesions of the mouth and tongue is essentially tho 
same as that of syphilitic lesions elsewhere (see page 5317). Oral hygiene is of great 
importance, and sepsis and canes must he attended to, as otherwise effective treat- 
ment is not well tolerated. To the time-honoured treatment by mercury is now 
added that by bismuth, which is equally effective and less likely to produce or 
aggravate stomatitis. Bismuth compounds such asbismuthyland bisoxyl are given 
intramuscularly and are very effective anti-syphilitic remedies, especially in tertiary 
lesions, 0-3 to 0-4 gm being given at weekly intervals for ten to fifteen weeks. 

Of the arsenical compounds, those of the salvarsan group (" COG ”) are now 
rarely used, their place being taken by the “ 914 " group or neosalvarsan ; of 
these stabilarsan is perhaps the least toxic and is very efficacious. It can be given 
intramuscularly m doses \arying from 0 45 to 0-75 gm. at Meekly intervals 
continued for ten to fifteen weeks. A pentivalent organic arsenical compound 
— acetylarsan— is available as an excellent substitute for the trivalent group 
compounds ; it is a very effective anti- syphilitic remedy, and can be given 
intravenously, subcutaneously, or intramuscularly in doses of 1 to 5 cc. It is 
non-toxic and is rapidly eliminated, chiefly in the urine. It is given twice weekly. 
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Tuberculosis of the Mouth and Tongue 

Tuf. tongue and the buccal mucous membrane are resistant to infection by the 
tXX bacillus, and the disease in this situation is therefore comparat. el} 
ram The majority of cases arc secondary lesions to tuberculosis of the respirator} 
tract. Primary tuberculosis of the tongue has been recorded Muth eertam y 
in only a very small number of cases. Of a total number of about -o, MX) post 

mortemexambwtions on case3of tuberculosis recorded by nine different autlmrsonl} 

80 cases or 0-31 per cent were found to 

method of infectionaccording tolIandficld-JoncslW, 023, 1, , 8-U) ; 
(I) bv direct inoculation ; (2) from tuberculous sputum ; (3) by the blood stream , 
by the lymphatic path ; or (5) by direct spread from uighboim*! 

The most common sites for tuberculous lesions in the T U * kc of L h td 
tongue on the lingual frenum, the soft palate, the uvula, ‘he tnid- 1 ™ of the hurt 
palate, the tonsils, and the epiglottis. Th.typ«ofle«on^^»"™|>taOBfc 
ulcer, lupus, papilloma, and tuberculoma-can be convemcntl 8»upcd £ 
clinical types : [l)lupu,valyari.-, ( 2 ) the tuberculous ulcer ; and( 3 )Het,iiercuta M . 

of lupus vulgarUgcnemnyac-wi^rlesi^of 
the skin, and in most cases arc direct extensions from sk “ “ l "“ ft 
membrane of the lips and mouth. The early les.ons “ ° .1 “ 1 

rounded nodules presenting on pressure with « > 8 m embrane precedes 

jelly” appearance. A dark red swelling °f , . small pa l e granula- 

and accompanies the ^lopmetlt^e Ae ^ ^ cnl arge and 

tions appear which bleed on slight trauma, r -r, V f.r(>d bv a crey 

coalesce ; superficial ulceration follows and the su ““ ^ ^ muc011s mem b ro ne 
film formed by mucous and purulent discharge. P parch- 

may heal in one part whilst bmakmgou ^“Sy^gwonmn and is the 
ment-Hke and readily breaks down. It occurs y 
least serious as regards prognosis. 

seen on the uvula, the buccal mucosa and U ^ VarioU s cIillicaI types of 
already affected by pulmonary or £ , e tubercu lous deer is generally 

tuberculous ulcers occur m the mouth, lhe P • nal i_ fmt j 1 eIios. It starts 

found on the tongueortbeflooroftbemout.an^occa^^ ^ pid iy breaks down; 

as a nodule which may be single or inultip , , ... j e granulations ; 

it is oval ia Shape, dark in colour, with a soft base of the 

the edges are levelled or sometimes nndmm^ break doim and &rm 

ulcer can be seen small greyish-yellow spots first superficial, becomes deeper. 

new ulcers. As the disease advances, tk «"l ce ’ d UTat ;^ is markedly increased. 
The lesion is exquisitely tender and painful, ana sanvu 

„ 6029 
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Tuberculous ulcer occurs more frequently in men than in women. Although no 
aBe is exempt, it occurs chiefly in adults. It is a progressive lesion which becomes 
more and more painful as its depth and width increase. Superficial ulcers occasion- 
ally heal with a thin scar which is apt to break down. The diagnosis of a tuber- 
culous ulcer presents at times considerable difficulty. It can be distinguished from 
syphilis by its painful character, the lack of induration of the base, and the under- 
ruined or bevelled edge. It can be distinguished from cancer by the presence of 
small satellite lesions in the vicinity of the main ulcer, by the pallor of the granula- 
tions lining the base, and by the sodden condition of the surrounding tissue. The 
historv. blood tests, bacteriological examination, and histological features of the 
lesion will, in the end, determine the correct diagnosis. 

Tuberculoma. 

The nodular and figured type occurs at the sides and tip of the tongue ; the 
lesion is stellate and generally single ; the margin is indurated, and the fissure, 
when drawn apart, shows it to be a deep but narrow ulcer. It may extend into the 
muscular layer of the tongue without corresponding surface extension. Such 
lesions have been described as tuberculous rhagades. The papillomatous type 
b the figured variety with papillomatous granulations on the edges of the fissure ; 
the granulations appear to be covered with thinned epithelium. The lesion is the 
rarest type met wnh and u the least painfuL 

The progno-i* of tuberculosis of the tongue and mouth is very grave. With 
the exception of the lupoid variety, it must be considered as a terminal phenomenon 
in a patKQr .nfectul with active and virulent pulmonary tuberculosis, whose 
resistant *o the disease ha3 broken down. Healing of such ulcers does occur, but is 
not i‘ a r je permanent. The ultimate prognosis depends upon the pulmonary 
and no: 'h» mtra-oial lesion. 

Treatment 

Like all tuberculous lesions, a tuberculous tongue should be regarded as a local 
manif estation of a generalised infection. Each case most be treated on its own 
merits. Surgical treatment is chiefly dictated for tbe relief of pain. If the general 
condition of the patient permits it, if the lesion in the mouth is localised, and if the 
symptoms produced by it are severe, removal of the ulcer mm>t be attempted. 
Simple e xcisio n and suture hardly ever succeed, as the freshly cut surfaces are 
quickly re- infected either by the sputum or from the nicer itself. Diathermy 
^figuration, surface coagulation or excision is the safer and more efficient method. 
The lesion can be destroyed or excised, but in neither case is it advisable to attempt 
to suture the raw surface. If any form of excision is precluded, radiation therapy 
with ultra-violet rays should be tried. The Krohmeyer lamp is a convenient 
method of applying nltra-violet radiation ; it has the advantage of being accurate, 
and its rays can be localised to Tery small areas. As the mucous membrane of the 
mouth is much more sensitive to radiation than the skm, great caution in treatment 
is essential and each treatment should be of very short duration. The superficial 
tuberculous ulcer is the mo=t likely to benefit from treatment ; papillomatous, 
nodular or fissured types are more suitable for diathermy. In aU cases, oral 
hygiene, dental cleanliness, and general treatment of the patient are of equal 
or even greater importance. The local treatment mu.t always be considered as 
a palliative measure and, as such, extensive surgical procedures are entirely 
contra-indicated. 



CHAPTER VII 

Leukoplakia and Ch [ toxic Ulceus of the Tongue 


LEUKOPLAKIA 

Leukoplaklv is the commonest form of chronic superficial rfawtfe 
It can be defined as a chronic inflammatory process affecting the 
mucous membrane of the mouth and tongue, characterised b) the 
development of irregular, pearly white patches of kerat.rn.cd epithelium 
ultimately tending to undergo malignant changes. 

I^musc of leukoplakia is unknown. Predisposing causes com- 
monly believed to be responsible for the development of The disease are 
syphilis, alcohol and dental sepsis. It is however, V 
leukoplakia develops in patients who are free from an > lue ‘ 1C 
acquired or hereditary, that it occurs in non-smokers and ^1 abstained, 
and also in patients with healthy teeth or edentulous mouthy Itmust 
therefore be admitted that the commonly acccp ca _ 
superficial glossitis are sccculary causes influencing the Muency 
the degree of the condition but not actually responsible or . Tha 
the disease occurs not infrequently in several members of a fomfiy or 
has been known to be present in several generations of 
to the conclusion that the primary cause is a 

the mucous membrane of the mouth to undergo certan dcg^emtne 
changes. Such an explanation may not throw much hgh ; on > the > ongm 
or cause of the condition but at least it frees some 

accepted stigma that leukoplakia ^mevita^ ue^ co ’ nditions 

or smoking. There is, neverttel ®“' f leukop l a ]da in susceptible 
tend to precipitate the de\elopme ^ , commonest a<*e 

patients where the inherent tendency is present. ■ 
I between the fifth and ***££*£ U 

mrnor manifestations occur much h^ ^ authenticated cases 
mfrequently cases are seen m the t t ^ TC been describ ed. 
occurring between the ages of fiftee t even y0 ung 

It is a disease of men «h "m "J-g 

-°» *. Lose * the - ^ - 
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which eventually develops into leukoplakia. In some cases the condition 
is apparentiv caused by vulc anis ed dentures, and this may be due to an 
idiosvncrasy peculiar to the patient or more likely to lack of cleanliness 
of the denture. Irritation by amalgam fillings may cause patches of 
leukoplakia in the mucous membrane, both buccal and lingual, adjacent 
to the fillmg. Early removal of the offending filling leads to rapid dis- 
appearance of the patches. Syphilis is a predisposing factor in the 
causation of the disease, but the accepted formula of syphilis -"-alcohol 
= leukoplakia b not supported by clinical evidence. 

Clinical Types of Leukoplakia. 

The various types of leukoplakia may be only the stages of one and 
the same varietv. Three types are seen clinically : (i) The n ctirork 
type. This is of tessellated appearance : linear bluish-white lesions occur 
on the sides of the tongue or buccal muco=a ; they branch and join, 
and are slightly sunk below the surface of the tongue ; they may be 
transient or permanent. The lesion is entirely symptomless. (2) The 
ichite patch : this type may be single or multiple, small or extensive ; 
it is mostly oval in shape, mother-of-pearl in colour, smooth and denuded 
of papilke : when the tongue is dried with a square of linen, the patch 
stands out clearly with definite margins ; it may be slightly depressed 
from th* general surface of the tongue as if pulled inwards by fibrosis, 
or m^y **c mi a slight elevation on the surface. It may remain stationary 
lor many years and then become active and spread on the surface. (3) The 
rty type ts the result of some change in the simple ichite patch ; it ts 
characterised by a roughened overgrowth of the corneous layers of the 
papilke. which raises the patch above the surface of the surrounding 
mucous membrane and gives it a papillomatous appearance ; it is 
rough and homy to the touch. In this stage leukoplakia is quite 
definitely p re-cancerous and more often than not leads to malignant 
changes. It can be considered as one of the best instances of p re- 
cancerous manifestations. 

Symptoms. 

Most early cases, the simple fiat patches and the tessellated lesions 
cause no symptoms. They may give rise to anxiety bat not to discomfort. 
The warty type causes discomfort, sometimes smarting, and occasionally 
pain, when the lesion on the buccal mucosa is inadvertentiv bitten or 
one on the tongue is continuously rubbed against the teeth. The 
ahsence of symptoms accounts for the very long hbtories that such 
patients have and for their delay in seeking advice. 

Treatment. 

I tave reached tie conclusion that the time-honoured advice 
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“ abstain from smoking and alcohol ” is of doubtful value. Naturally, 
excessive smoking, especially a pipe with a short stem, and abuse of 
spirits arc detrimental ; apparently, light wines and beer in modera- 
tion have no great influence on the progress of the disease, and to 
forbid them in .oil cases is to cause unnecessary hardship without 
corresponding benefit. Local applications arc of no value at all ; 
potassium chlorate lozenges and mild chromic acid paints have no 
effects on the established lesion ; strong antiseptic mouth-waslies 
of silver nitrate or copper sulphate aggravate the condition and 
sometimes precipitate the onset of malignant changes. Patches of 
leukoplakia should be left alone in preference to inefficient, irrational, 
and protracted local treatment. Surgical treatment is indicated 
in single circumscribed lesions of the tongue. The work of Cramer 
on prophylactic irradiation of p re-cancerous conditions has shown 
that experimentally a pre-cancerous condition can be prevented from 
developing into cancer by adequate radium radiation. The author 
has successfully applied Cramer’s principles to the radiation of leuko- 
plakia. Patches on the tongue and buccal mucosa can be made to 
disappear by efficient radium application or contact unscreened X-radi- 
ation. The treatment must be continued to the degree of peeling of the 
mucosa and the formation of a white film ; the patches of leukoplakia 
can be made to disappear and the mucosa to resume a normal smooth 
and healthy appearance. 

CHRONIC ULCERS OF THE TONGUE 

Ulceration of the tongue is not a separate entity but a further stage 
of various pathological conditions. A rational classification of ulcers is 
based upon the cause which produced them. 

Simple Ulcers. 

This type of ulceration occurs in some cases of long-standing chronic 
superficial glossitis where the tongue is devoid of papillae and is covered 
with a thin pellicle forming a continuous layer broken here and there 
by fine lines and fissures. These tend to form in the centre of the tongue 
or of the diseased area, chiefly because of the lowered local resistance 
to infection. The ulcer may be of rapid onset (acute) due to actual 
sloughing of a small fragment of the surface, or it may develop insidi- 
ously by simple shedding of the epithelium covering the surface. In 
either case the lesion loses its active appearance at an early stage, 
and becomes an indolent chronic ulcer which has a smooth, red, glazed 
surface, inactive callous edges, is only very slightly inflamed, and not 
indurated. It is often sensitive, and, as a rule, painful when hot drinks 
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or spiced and irritating food is taken. In the “ glazed variety of 
chronic superficial glossitis, the ulcers are so superficial as to be merely 
excoriations — they are more obvious when the tongue is dried with a 
piece of linen. 

Treatment consists in local applications of chromic acid (5 or 10 grs. 
to the ounce), salicylic acid (2 grs. to the ounce) or lactic acid (5 grs. to 
the ounce), applied regularly night and morning. For pain local 
application of ameathesin powder is the best remedy. Silver nitrate . 
copper sulphate, or any cauttic must never be used. Iodides and mercury 
are contra-indicated even in the presence of a positive Wassermann 
reaction : thev increase salivation and discomfort and do not appear 
to benefit the patient. Unless rapid healing takes place, excision 
should not be delaved. Incisions are made round the ulcer about 
i-inch from the edge ; the cut must penetrate deep into the substance 
of the tongue, so that a considerable depth of muscular tissue is 
removed, and there is no tension on the edges of the wound ; when 
these are brought together with catgut sutures, accurate suturing will 
achieve complete hemostasis. Stitches must be removed early (not 
later than the third or fourth day) to prevent fresh ulceration at the 
site of the needle punctures. 

Dyspeptic Ulcers 

Under this heading are described simple ulcers which occur chiefly 
near the tip. on the dorsum, and sometimes on the under-surface of 
the tongue. The tongue (dyspeptic tongue) is for a greater or lesser 
extent red and almost raw and beefy. The filiform papilke are absent, 
and consequently the fungiform papilla appear larger and more 
prominent than normal. The rest of the tongue, especially the posterior 
part, is thickly coated with fur. Small superficial ulcers are present, more 
often than not circular but presenting no special characteristics ; besides 
definite ulceration there are also areas of superficial excoriation. These 
lesions are sometimes found in children and youths, but most frequently 
in adults suffering from dyspepsia, those indulging in excessive eating 
and drinking, and in invalids enfeebled by disease. It is thought by 
some that idiosyncrasy to certain articles of diet may be responsible 
for the condition. 

Active treatment is not indicated. Attention to diet and bowels is 
all that is needed in most cases. Locally, alum in a weak solution, or a 
chlorate of potash mouth-wash is indicated. 

Herpetic Ulcers. 

This type of ulcer is met with in c h ildren from the age of six months 
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to three years, and also in adults. They may be prodromal to or con- 
comitant with certain of the exanthemata, or may appear without any 
apparent cause, accompanied by slight fever, malaise, loss of appetite, 
and constipation. The mouth is hot and dry, salivation is increased, and 
the breath is almost invariably foetid. On examination, the mucous 
membrane is livid or deep red, and small vesicles are present near the tip 
and on the surface of the tongue, and on the inside of the lips and cheeks. 
The vesicles are only a transient stage, and they soon burst, leaving 
behind them ulcers, which are small, round or oval, superficial, with 
sharp-cut edges, and at the base a yellowish-white adherent slough 
surrounded by a bright areola. The crop of vesicles varies in number, 
but there are rarely more than twenty ; usually the ulcers heal rapidly, 
but it is not an uncommon occurrence for fresh crops of vesicles to 
appear every few days for several weeks. In such cases vesicles and 
ulcers are present simultaneously in the same patient. After separation 
of the slough, the shallow ulcer heals and leaves behind neither scar 
nor stain. 

Diagnosis is usually easy ; the malaise, the foetid breath, the presence 
of vesicles, and the appearance of the ulcers arc very characteristic of 
the disease. 

Treatment consists in the administration of saline aperients, regula- 
tion of diet, local application of borax and glycerine, mild mouth- 
washes, and the administration of radiostoleum, halibut-liver oil and 
iron. Mercury must on no account be given. 

Traumatic Ulcers. 

Chronic ulceration may be set up by a wound, whether caused by a 
cutting instrument, gunshot, or definite bite by a tooth. 

More obscure in origin, a chronic ulceration may result from the 
continuous irritation of a rough jagged and carious tooth, or by a badly- 
fitting denture having a rough surface. Those upon the frenum of 
children arise from contact with the sharp edge of lower median tem- 
porary incisors in the course of whooping-cough and in Riga’s disease. 

Dental ulcerations, however obscure in origin, are restricted to the 
tip and border of the tongue, and vary from mere excoriations or cracks 
in the mucous membrane to ulcers 1—3 cms. in length, but are seldom 
at all deep ; the surrounding tongue becomes, in fact, raised by eedema 
when a jagged tooth presses directly into the ulceration. The ulcer is 
generally single, and the dorsum of the tongue free from ulceration. 
The tongue becomes furred and the breath malodorous, rather from 
decomposition of the fur and the presence of pyorrhoea than from any 
discharge from the ulcers. 
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Treatment of a chronic traumatic ulcer demands the consideration 
of two recommendations : 

(1) Dental. In the simplest case, filing down of any projection and 
scaling of the surfaces of the teeth, with general care to remove oral sepsis, 
may suffice ; the ulcer afterwards heals, followed by a cicatrix free from 
previous inflammation. But when the ulcer is obviously due to a tooth 
which cannot be prevented from impinging on the ulcer, extraction of 
the offending tooth is obviously necessary. The ulcer will then heal unless 
prevented from doing so by the tongue being sucked into the gap left by 
the extraction. But when more than one tooth is carious, there are 
evidences of pyorrhoea alveolaris, and an X-ray photograph discloses 
signs of apical disease, then more extensive extraction is called for. If 
the ulcer, even although there is no longer actual contact with a tooth, 
does not heal owing to the persistence of oral sepsis, new dentures, 
well-fitting and having smooth surfaces, may be required. 

(2) Pathological. The more chronic the ulcers and the more 
indurated the margins, base and surroundings of the ulcer, the 
greater the probability of epithelioma supervening. The removal of a 
small piece for microscopical examination is not a satisfactory pro- 
cedure. The portion removed may exhibit only chronic inflammation, 
and the patient may then refuse further excision. The proper course is 
to advise an excision of the whole ulcer followed by suture, as already 
described. The ulcer so removed should be thoroughly examined by 
making serial sections, for, whereas part of the ulcer may bo found to 
be still in the stage of chronic inflammation, at some part commencing 
epithelioma may be disclosed. 
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Section’ 1 

(ESOPHAGUS 


HISTORICAL 

Grave difficulty luis always attended surgical intervention on the 
(esophagus and, although John Hunter made an ingenious appliance 
from an eel skin to treat what was probably a case of cardiospasm, fo 
the most part msopliageal surgery was not attempted until compare- 

“ V The ffit^uclbn of radiology and endoscopy towards the end of the 
last century made possible the exact diagnosis of (esophageal disease 
and the development of surgery of the (esophagus began. I "“ soon 
proved impossible to make the rapid progress which had folbmc l the 
application of Lister’s principles to abdominal surgery. - P 
the technical difficulties of surgical exposure of 
absence of a serous coat denied to (esophageal re 
which so soon attended resection of the stomach and^intcstmc^and 
leakage from a defective anastomosis into the loose cellu 
the mediastinum was a more serious event than as “ 
the abdomen, where the localised defensive action of the omentum and 
peritoneum will often prevent disaster. , r l\ 19 

In 1904 Enderlen made the first successful 
(esophagus by the mediastinal route, and in the same ; [ J ou t b V 
transpleural resection of that organ in a dog was earned lout by 
SaJbruch. Heidenhain and Meyer were among those who made early 
contributions to the subject. „ i nn(r 

In 1801 Bircher attempted a planned cesophagopla sty, ' for 

skin tube-a method which ton Edcker had s^ccessfuUy employed Jor 
replacement of the cervical (esophagus The use of • 
fct tried by WuUstein ; Boux modified and nnprov«l ttetechmgue , 
and the first successful case was done T carried out by 

(Esophago-gastrostomy was firs Helsdielt recorded the 

HeyrovsJcy, using the abdominal route, while He 
first successful case by the transpleural rou e - • 0 f 
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trunk. Thu right vagus roaches the oesophagus at the level of the fifth dorsal 
vertebra, the left vagus at the level of the eighth dorsal vertebra, and the ramifica- 
tion of these two nerves forms the msophage.il plexus. This plexus is connected 



, , . fi.rxx branches Sympathetic fibres reach the 

to the bronchial plexus by man) fine travelling with the vagus stem, 

(esophagus above from the first dona g fr ’ m ^ j^.t sympathetic chain, 
while below direct branches reach the p , ■ mventericus). 

A nervous plexus lies between the two muscular layers (plexus myenteric , 
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carcinoma of the upper thoracic oesophagus, making his approach 
from the neck. Torek, in the same year, resected the entire oesophagus 
together with a carcinoma which was at the level of the aortic arch. 
LilienthaVs case of resection of a carcinoma by the mediastinal route 
and restoration of the canal in situ by means of a plastic operation 
remains unique, although Grey Turner has more recently carried out 
an anterior thoracic cesophagoplasty after removal of the oesophagus for 
carcmoma and Gohrbrandt has excised a carcinoma of the abdominal 
oesophagus and restored continuity. 


AXATOMY 


The cesophagus is a muscular canal, 23 to 26 cms. in length, leading from 
the pharynx to the stomach It is composed of three coats— mucous, sub- 
mucous. and muscular The mucous coat is composed of stratified squamous 
epithelium which rests on a \ cry loose submucous coat. Unskilful instrumentation 
of the oesophagus may lead to great injury, as once the epithelium is perforated 
the instrument meets with little resistance in this loose tissue. The muscular 
coat has an outer longitudinal layer and an inner circular layer and is composed 
of unstnated muscle throughout. It is not uncommon to find a bundle of muscular 
fibres arising from the diaphragm and encircling in sphincter fashion the loner 
end of the oesophagus as it passes through the hiatus (Esophagi. 

The distance from the incisor teeth to the cardiac orifice is at least 37 cms., 
so that 50 cms 13 a suitable length for a bougie. The cervical portion, which 
begins behind the cricoid cartilage at the level of the sixth cervical vertebra, has a 
length of 7-8 ( ms , the thoracic portion a length of 16-18 cms., and the abdominal 
portion a length of 1-3 cms. Traction on the stomach may expose as much as 
6 c ms of the cesophagus, but as a consequence of this mancEUvrc reflex disturbance 
has been described. 


The important relations of the thoracic oesophagus are as follows : the trachea, 
left bronchus, aorta and pericardium form anterior relations ; the cesophagus 
lies on the bodies of the vertebra; ; and on each side are the pleurae (figs. 2745, 
2746, 2747 and 2748). 

The arterial supply of the (Esophagus in the upper portion springs from the 
inferior thyroid artery ; in the upper thoracic region, branches from the bronchial 
arteries and the upper five intercostal arteries give irregular branches to the 
(Esophagus The mam blood supply to the lower portion comes from a single 
branch of the aorta, which arises at the level of the 8th rib, and on reaching the 
cesophagus divides into ascending and descending branches which ramify in a 
plexiform manner. The comparatively poor blood supply of the lower third of the 
cesophagus is of obvious surgical importance. 

The venout return from the (esophagus drains into the inferior thyroid, azygos 
and hemiazygos veins. ■' 

The lymphatics of the (esophagus in its upper third drain into the deep cervical 
glands mtta noddle third tnto the bronchial and medhtstinal glands, and in its 
Wr third into the glands lying along the lesser curvature of the stomach. 

The supply of the oesophagus is ftom both vagi and the sympathetic 
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trunk. The right vagus reaches tlio (esophagus at the level of the fifth dorsal 
vertebra, the left vagus at the level of the eighth dorsal vertebra and the ram.fiea- 
tiou of these too nerves forms the (esophageal plexus. This plexus is connected 



Fig 2*45 — Tub iT-soriuOUS. 
(AJUr Tot fl. •• itWi Surgery.") 



, 2748 — Transverse section or the tiioiui > 

Fig. 2747 — Transverse section or the tuorax tuJJ zl of the eioiith thoracic vertebra 

at THE LEVEL or tub FIFTH tbobACIC VERTEBRA. Brdttk Journal of Surgery •’) 



Fir 2740 .— Tiunii erse stenov or the thorax at 

THE U.ML or THE FOURTH THORACIC \ EBTEBR4. 



, , „ lxrinches. Sympathetic fibres reach the 

to the bronchial plexus by many fine travelling with the vagus stem, 

•cesophagu, above from the first ^^m tte d^al sympathetic chain, 
while below direct branches reach the ] ? ^ s (plffi!us mye ntericus). 

A. nervous plexus lies between the tw 
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PHYSIOLOGY 

The gross mechanism of deglutition seems fairly clear— a solid bolus, having 
reached the oesophagus, is propelled towards the stomach by peristaltic waves, 
while fluids reach the same goal by means of gravity. The nervous mechanism which 
makes possible the associated reactions— arrest of respiration, and guarding of the 
naso-pharvni and larynx— is not so clear. Greving reasserts the old teaching of 
Moaso that onlv by means of a special centre can the activity of hypoglossal, 
trige minal V 3 gns and glosso-pharyngeal nerves be co-ordinated. He lays special 
stress on the importance of the intra-mural nerve plexus which, although under 
the control of both vagus and sympathetic, posters considerable independent 
activity Section of the vagi in the neck leads to a temporary spasm of the lower 
rhml of the oesophagus, but in a few days normal function returns. 

Three factors ensure the separation of the lumen of the stomach from that of 
the oesophagus — an in trinsic sphincter muscle, fibres from the diaphragm which 
encircle the oesophagus, and a valvular mec hanis m which comes into special pro- 
minence when the stomach is distended. 

The intrinsic sphincter is the most important of these factors, although it 
is merely an undifferentiated part of the circular muscle coat. Sanerbruch, in 
his experiments on dogs, was able to demonstrate the rhythmic narrowing of the 
oesophagus at its lower end. which was abolished by lection of the phrenic nerve. 
He also showed that relaxation of the sphincter tcck place when a sound was 
passed down tie esophagus once the instrument had passed below the level of the 
hi! ns of the lung After extirpation of the diaphragm, closure of the cardiac 
orifice still persisted and it was only abolished when an incision was made down 
to the mucosa The control of this sphincter, which is a part of the circular 
muscle coat of the (Esophagus. is from the vagus. Gottstein and Starch showed that 
the fibres concerned entered the oesophagus from the main vagus stem above the 
oesophageal plexus, and ran in the wall to the cardia. This finding was confirmed 
by Sauerbruch. 

The valve closure of the orifice was first described by von Jlihulicz — it is formed 
by the mucosa of the stomach under the constant in tra -gastric pressure, which is 
aWat 4 mm.Sg. Deglutition provides a pressure greater than this in the lower 
end of the (Esophagus, which, in association with relaxation of the muscular 
coat, permits ingress to the stomach. 

METHODS OF CLINICAL EXAMINATION 
A careful anamnesis may often assist in the correct diagnosis of 
(Esophageal disease. A history or old luetic infection is of special 
importance, while in other cases there may have been trauma or in- 
gestion of a foreign body. In the early stages of cardiospasm the patient 
experiences characteristic sensations daring swallowing and will often 
describe how temporary relief follows self-induced “ vomiting,” when 
the contents of the dilated tube are evacuated. The victim of a diver- 
ticulum may sometimes identify some individual food — mains of rice, 
for example— swallowed at a meal some days previously and brought 
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up in an attack of vomiting. In the early ease of carcinoma of the 
ccsophagus there appear to be few subjective symptoms ; the patient 
will only complain of difficulty in swallowing when the growth is well 
established. A history of bleeding from the oesophagus or the bringing 
up of blood-stained mucus is sometimes obtained in cases of ulceration 
of the ccsophagus, and the clinical history of peptic ulceration is dis- 
cussed subsequently. 

Inspection plays an unimportant role in the diagnosis of disease of 
the thoracic oesophagus. A large pharyngeal pouch may present as an 
obvious tumour in the neck. 

Palpation may reveal the presence of an impacted foreign body in 
the thoracic inlet, and palpation of the neck will also demonstrate a 
spreading mediastinal emphysema of mechanical or infective origin. 

Auscultation is occasionally of service. The patient is given a drink 
of water, and direct auscultation is practised at a point a little to the 
left of the 8th dorsal vertebra. After an interval of six or seven 
seconds a characteristic gurgle may be heard as the fluid enters the 
stomach. 

Sounding of the oesophagus is only to be employed with caution, 
and modern methods of radiological and endoscopic examination have 
largely superseded it. In all cases the common extrinsic causes of 
(esophageal obstruction — tumour or aneurysm— are to be excluded ; 
perforation of an aortic aneurysm is a possible accident. 

The most convenient instrument is the English gum elastic 
oesophageal bougie as used ill the treatment of stricture, and by means 
of a graduated bougie of this kind it is at least possible to detect the 
level of an oesophageal obstruction, although naturally its type and 
extent cannot be estimated. 

Endoscopic examination of the oesophagus is an almost essential 
preliminary to any projected surgical intervention. The method is of 
special importance when malignant disease is suspected. The tech- 
nique^ of the method and the endoscopic appearances of the various 
types of oesophageal disease are described in another section (see 
page 4820). 

Radiological examination is essential in all cases, and both fluoroscopy 
and photography should be employed. 

The particular radio-opaque emulsion to be employed is a matter 
of individual preference, but the use of a gelatine capsule containing 
the medium is generally unsatisfactory for, especially in nervous 
individuals, a localised spasm may arrest such a capsule and a false 
diagnosis of organic stricture be suggested. If the presence of an 
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cesophago-bronchial fistula is suspected, only a small amount of emul- 
sion should be given at a time ; suffocation has occurred after the 
sudden aspiration of a quantity of contrast medium into the bronchial 
tree. 

Fluoroscopy permits oesophageal peristalsis to be observed, delay in 
normal swallowing time to be estimated, and localised spasmodic con- 
traction to be diagnosed. At the same time the presence of any 
extrinsic cause of oesophageal obstruction is excluded. For the localisa- 
tion of an impacted body or the detection of the site and relations of a 
neoplasm, careful study of a series of films must supplement the screen 


F 13. 2719. — SkiaCbjui showivj 
O'honuco BRONCHIAL nsTLI-A. 

(LambrJh flntp.tal ) 


examination. Fluoroscopy of the oesophagus is best carried out with 
the patient in the first oblique position, in order to avoid the heart 
shadow. 

Despite the importance of radiological examination, its use must not 
lead to neglect of the other methods of clinical examination. In this way 
may arise such errors as confusion between a calcified lymph gland in 
the mediastinum and a foreign body, or between a deep-seated diverti- 
culum and a generalised dilatation of the tube. 

Figure 2749 is a skiagram of an msophago-hronchial fistula, 
whilst figure 2750 shows the more important stages of an operation 
performed for the repair of such a fistula. 




tula Stages of .-««« «»»* 

2750. — CKsn PH AGO BRONCHIAL FISTULA 
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cesophago-bronchial fistula is suspected, only a small amount of emul- 
sion should be given at a time ; suffocation has occurred after the 
sudden aspiration of a quantity of contrast medium into the bronchial 
tree. 

Fluoroscopy permits oesophageal peristalsis to be observed, delay in 
normal swallowing time to be estimated, and localised spasmodic con- 
traction to be diagnosed. At the same time the presence of any 
extrinsic cause of oesophageal obstruction is excluded. For the localisa- 
tion of an impacted body or the detection of the site and relations of a 
neoplasm, careful study of a series of films must supplement the screen 



examination. Fluoroscopy of tlio oesophagus is best carried out with 
the patient m the first oblique position, in order to avoid the heart 
shadow. 


Despite the importance of radiological examination, its use must not 
lead to neglect of the other methods of clinical examination. In this way 
may arise such errors as confusion between a calcified lymph gland in 
the mediastinum and a foreign body, or between a deep-seated diverti- 
culum and a generalised dilatation of the tube. 

Figure 2740 is a skiagram of an msophago-bronchial fistula, 
whilst figure 2750 shows the more important stages of an operation 
performed for the repair of such a fistula. 
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" «s 

oJpLgus which ere of practical importance ami desene 

consideration. 1 hose are . 

(1) Congenital stricture ; 

(2) Membranous obstruction ; 

(3) Mega-oesophagus ; 

(4) Short oesophagus. 

(1) Comcnilnl Stricture (fig. 2731)- . , Mthoueh 

and is readily diagnosed by radiology, tndoscop) 
mucous lining at the site of obstruction. , . on( l 0 scopic 

The treatment is dilatation by sounds, l^crabl I t nidcr ' «*P 

control, and cure is more rapidly attainc 1 j plastic 

stricture. Unless some complication has supervened, any p 
operation should be superfluous. 

(2) d/cwi&ranous Obstruction. membrane is most 

Obstruction of tl,c ^“£ a |^" C ' T ot a l obstruction is recognised 
common in the lower third of the tub . ■ hilitv to swallow, 

in the earliest days of life, as there is cornpet ^ ^ 
hut the membrane may be incomplete and allow the pas^ig 
so that the condition is not apparent until attempts are 

swallow solid food. , nmlnscooic means, 

The treatment is division of the membrane by endoseop^ 

but in the absence of special apparatus the The P d J cal 

sound will usually suffice to rupture an jj illustrated 

factors of membranous obstruction of the oesophagus 
by the following case history from Lawrence 

case of complete MEMuaauoos — ™ g of January i8i 
The patient was a female child, who ,°^“ ur w hich was not abnormal m 
1928. The mother was a pnmipara and lb and appeared to be 

any way, lasted twenty-one hours. The child weighed J* 

perfectly healthy. . , attempts were made to feed the 

Throughout the whole of the the breast ; when grven 

child at regular intervals. At no time w have great difficulty m 

teaspoonfuls of milk and water she appeare 
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MALFORMATIONS OF THE (ESOPHAGUS 

Very complete accounts of the more complicated examples of mal- 
development of the msophagus may be found in the \vriting3 of Mac- 
kenzie and of Keith. Fortunately these cases are very rare, for 
operative repair of the grosser defects has so far proved impossible. 
In a typical example the oesophagus ends in the upper dorsal region as 
a b lind sac joined by a fibrous cord to the lower segment of the 



r >3 2751.— Coscehml muc- 
m* or tux rxaoraicrs. 
{Ittrkam Unmrnty Cclltyt of 

if **«».) 


cesophagus. In 70 per cent of then: cases there is a tracheo-arsopkageal 
fistula opening into the lower segment of the tube. 

Under such conditions swallowing is clearly impossible and, although 
gastrostomy may enable the infant to survive for a few days, aspiration 
of oesophageal contents into the lungs soon leads to fatal respiratory 
complications. The proposal to combine a gastrostomy with an upper 
Ofophagostomy lliLS P™'' 11 impracticable, and attempts to carry out 
plastic repair of the defect by the transpleural route, though of con- 
siderable theoretical interest, have been fruitless. Gage and Ochsncr 
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oesophagus which arc of practical importance ami deserve 
consideration. These are : 

(1) Congenital stricture ; 

(2) Membranous obstruction ; 

(3) Mega-oesophagus ; 

(4) Short a*sophagus. 

(1) Cmmcnilal Stricture (fig. 2751). . , nlthoudi 

and is readily diagnosed by radiology. Lmtoscopy 
mucous lining at the site of obstruction. d endoscopic 

The treatment is dilatation by sounds I ^^efcrably, under ^ 
control, and cure is more rapidly attaint , any plastic 

stricture. Unless some complication has supervened, any pin 

operation should be superfluous. 

(2) Membranous Obstruction. membrane is most 

Obstruction of tto obstruction is recognised 

common in tile lower third of the tu ■ inability to swallow, 

in the earliest days of life, an there is con P passa g e of fluids 

but the membrane may be irrconrploto arrd allo^ thecas ssag ^ ^ 

so that the condition is not appare 

swallow solid food. , mulnsrooic means, 

The treatment is division of 

but in the absence of special appar membrane The clinical 

sound will usually suffice to rupture “ ““ ^.ell illustrated 
factors of membranous obstruction of the oesophagus 
by the following case history from Lawrence Abel. 

CASE OF COMPLETE MEMDEALOm DIAFIIM ^ l8 . 

The patient was a female child, who ^was 1) ^ not abnormal m 

1928. The mother was a prindpara and the ab ' , , b ani appeared to be 
any way, lasted twenty-one hours. The cbdd weighed 7| 

perfectly healthy. . j a , attempts were made to feed the 

Throughout the whole of the following day suc Ho the breast ; when given 
child at regular intervals. At no time wo h ave great difficulty m 

teaspoonfuls of milk and water she appeare 
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swallowing and regurgitated the fluid as soon as it had been taken. On one 
occasion only there was a small quantity of blood, but each time she coughed 
and choked a great deal and became very cyanosed. 

I saw the child with Dr. Henry Robinson about noon on January 20, when 
she was just forty-two hours old. Outwardly she appeared quite normal ; but on 
feeding with a teaspoonful of water she coughed, became cyanosed, retched, and 
retamed none of it The child obviously had a congenital abnormality of the 
oesophagus, and this was most likely to lie in the nature of an cesophago-trachca! 
flstula. The infant was twenty-five miles from London, and X-ray examination 
was not immediately available ; but, having an ccsopliagoscopic outfit, I decided 
to perform msophagoscopy forthwith. This was done without, of course, any 
anesthetic, using a 4-mm tube (Jackson's pattern), which passed quite freely 
down to ami beyond the level of the bifurcation of the trachea. About 1 inch below 
this level, however, the lumen became obstructed by a glistening membrane with 
a “mother-of-pearl” appearance, winch was at first thought to be inspissated 
mucus. Careful swabbing, however, showed it to he a solid structure, and no open- 
ing could be found m it. 

By pressing firmly with the endoscope the membrane was ruptured and normal 
oesophageal mucosa was seen below it. Gastric mucosa was easily recognised 
after the tube had been pushed about 1 inch further. On w ithdrawing the oeso- 
phagoscope a few drops of blood obscured the view of the wall of the gullet at 
the level where the membranous diaphragm had prev iously been seen. No other 
abnormality was detected in the pharynx, larynx or oesophagus. 

( 3 ) Mega-mo phagus. 

As Mmtz pointed out some years ago, mega-cesophagus is a rare 
congenital disorder resembling Hirschsprung’s disease of the colon— a 
chmcal entity entirely distinct from the symptom-complex of cardio- 
spasm, with which it is still frequently confused. The other condition 
which has commonly been confounded both with mega-oesophagus 
and with cardiospasm is the rare para-cesophageal hernia — the “ hiatus” 
hernia of Alkerlund and Vau Bergmann, which is described in Section 2 
of this article. 

In mega-cesophagus there is an enormous dilatation of the entire 
tube, and the Esophagus pursues a sinuous course through the chest 
( g. 2752), on radiological examination resembling a large serpent 
coiled within the cavity of the chest. There is at first no obstruction 
at the cardia, and the condition appears in many cases to be quite 
compatible with general health. In a proportion of cases some stasis 
of ingested material may occur and, possibly as a result of some loeal 
inflammatory process, adhesions form between the oesophagus and the 
surrounding parts. Under these conditions symptoms of dysphagia 
may appear, due sometimes to a spasm of the cardiao sphincter deter- 
mined by the fact of local irritation and sometimes to a mechanical 
distortion of the already disturbed tube. 
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Treatment, which is only indicated when symptoms of dysphagia 
are present, must be surgical. A laparotomy is performed the abdom- 

inal’msopliagus identified, and its peritoneal covering carefully incised 

Bv blunt dissection the ccsophagus is followed a short distance into t 

and the ndhLions between the base of the oesophagus 
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and the surrounding parts 

bmch and Tuffier have cured cases in Y requires 

operation of plication of the redundan par s o ^ ^ only 

exposure of the oesophagus by the mediastinal route, and it 7 

be considered if the simpler intervention lias laile . 

(4) Short (Esophagus. ld man 0 f 70 in 

Tonndorf in 1923 described a dissectaon f ^ J ^ ^ entir6 

whom the thoracic oesophagus was “V Tile condition has 

stomach was contained within the mediastinum. 
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been recognised during life with increasing frequency since this date, 
and examples are recorded by Findlay and Kelly, who found in 7 out 
of 9 cases that the tBsophagus ended at the level of the 7 th dorsal 
vertebra. The clinical features of the condition have also been described 
by Clerf and Manges. It appears that there is often only a portion of 
the stomach in the mediastinum, and that the oesophageal hiatus in 
the diaphragm encircles the body of the vise us at a level which varies 
from case to case. 

The condition is not associated with any symptoms, and treatment 
is indicated only if. as sometimes occurs, a stricture develops at the 
oesophago-gastric junction. Here dilatation may be employed, but 
attempts at plastic repair of the defect are clearly impracticable as well 
as being redundant. 

FOREIGN BODIES 

The impaction of a foreign body is the most frequent cause of acute 
oesophageal obstruction. Children swallow the most diverse objects — 
pins, tacks and corns are perhaps the most favoured ; in adults a 
broken piece of denture, a crust or a lump of meat is the commonest 
cause of obstruction. Apart from mechanical interference, the danger 
lies in the secondary changes in the wall due to pressure and inflamma- 
tion, followed by perforation and a spreading mediastmitis usually of a 
fatal character. 

Sauerbruch has observed a case in which a small child coughed up 
pus and a small metal shoe which had ulcerated through the wall of 
the left bronchus from the oesophagus. In this case the process had 
been gradual enough to permit ofthe formation of mediastinal adhesions, 
and the child recovered, but such a favourable course is quite 
exceptional. 

In some instances immediate perforation of a mediastinal structure, 
such as the left bronchus, aorta, heart or pulmonary artery, has been 
recorded. 

Diagnosis 13 assisted by the history and frequently by the subjective 
evidence of the patient, who is able to recognise the site of his obstruc- 
tion ; this is usually in one of the narrowest portions of the tube — 
thoracic inlet, level of the left bronchus, or the cardia. There is often 
violent retching, which may result in natural el imina tion. Radioscopic 
examination will clinch the diagnosis if an opaque foreign body is 
present ; otherwise endoscopy is indicated. 

Treatment is urgent and consists in removal of the offending object. 
The technique of the endoscopic removal of foreign bodies is described 
on page 4S22, 
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Despite recent advances in endoscopy, there are instances when, 
in the absence of special apparatus and in rare cases where endoscopy 
has failed, surgical means must be employed. The extraction of a 
sharp object, especially if ulceration has already begun, must be con- 
ducted with great care, as perforation is likely to have fatal conse- 
quences. The classical intervention is cervical asophagolomy. 

The operation of cervical ocsophagotomy must be carried out with the head 
low to assist in the protection of the mediastinum, infection of which is the great 
danger of the intervention. Under local anesthesia an incision is made along the 
anterior border of the left stemo-niastoid muscle. The muscle, together with 
the great vessels, is retracted outwards, and the trachea and the inferior pole of the 
thyroid gland inwards. Injury of the inferior thyroid artery as it lies behind the 
carotid sheath, or of the recurrent laryngeal nerve running up between the trachea 
and oesophagus, must be avoided. The (esophagus lies immediately "behind the 
trachea, and the passage of a bougie may bo a guide for the inexperienced 
operator. 

The organ is carefully surrounded by gauze packs, and an incision some 4 cms. 
long made in its wall. Fixation stitches hold the edges of the oesophageal wound 
apart, and by moans of a headlight and suitable forceps gentle extraction of foreign 
bodies as far down as the level of the Gth dorsal vertebra may be carried out. A 
triple layer of sutures closes the (esophageal wound. In the hope of limiting 
mediastinitis, a pack of antiseptic gauze is left in situ and the wound in the neck 
only partially closed. For the first few days feeding should be by means of a 
stomach tube passed by the nasal route, or rectal fluids may be given. 

Foreign bodies impacted in the lower portion of the oesophagus 
may be extracted through a gastrotomy wound. In children, a com- 
bination of this operation with cervical oesophagotomy makes the 
whole lumen accessible (Anshutz). In adults, impaction immediately 
below the level of the Gth dorsal vertebra demands posterior medias- 
tinotomy. Enderlen has had one successful case in which the 
oesophagus was incised at this site, but the risk of mediastinal 
infection is so great that it would seem advisable to attempt displace- 
ment of the object upwards and so enable its removal from above. 
The recent work of Seiffert on the successful endoscopic treatment of 
cases in which perforation and mediastinal infection had already 
occurred lends further emphasis to the fact that surgical treatment is 
only to be employed when endoscopy has failed or is unavailing. 

The treatment of acute phlegmonous mediastinitis following per- 
foration of the cesophagus by a foreign body is surgical. There are 
records of recovery after the operation of collar mediastinotomy and 
drainage, but attempts to institute direct drainage of the posterior 
mediastinum have so far proved fatal. At the same time this seems the 
only possible intervention which might save the victim of phlegmonous 
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infiltration of the lower reaches of the mediastinum, and no doubt 
some lives will eventually be preserved in this way. Infection of the 
lung and pleura, which may complicate perforation of the oesophagus 
by a foreign body, demands surgical treatment along the usual lines. 


RUPTURE OF THE (ESOPHAGUS 

Rupture of the oesophagus has been observed after crushing injuries 
of the chest, but for the most part m association with other grave 
visceral damage which excluded the possibility of surgical treatment. 

Spontaneous rupture of the oesophagus lias distinctive clinical 
features which should suffice to permit of diagnosis and active treat- 
ment. The accident always occurs during an attack of vomiting — 



sometimes ail effort has been made to resist the act— and most of the 
patients hove also been victims of chronic alcoholism (fig. 2753). there 
tne .l! ™ ° nsefc ° I w ' 11 ' referred to the epigastrium and lower chest, 
together with a general collapse ; the symptoms suggest the syndrome of 
p rforation of a gastric ulcer. There is often an associated rigidity of 
e upper abdominal wall, and some patients have been subjected to 
aparotomy. Diagnosis only becomes obvious when escape of air from 
h esophagus causes a pneumothorax or a spreading mediastinal 
emphysema which may eventually be recognised in the neck. Attempts 
“» **■ violent 
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The rupture consists of a longitudinal tear, some 2 or 3 cms. in 
length, in the lower reaches of the oesophagus immediately above the 
diaphragm. The rupture may be extra-pleural, in which case the con- 
tents escape only into the mediastinum ; in other cases the mediastinal 
pleura is torn and the contents escape into the pleural space — usually 
the left. 

The diagnosis is greatly assisted by early radiological examination 
at which a pneumothorax or a mediastinal emphysema may be 
recognised. 

The treatment should be surgical. After initial treatment for shock 
the (Esophagus should be exposed by the left transpleural route, the 
defect repaired, and some form of siphon drainage instituted. A 
gastrostomy should also he performed. The later cases, in which pleural 
or mediastinal infection has supervened, must be treated by drainage 
and gastrostomy. 

walker’s case 

lC.iii.101 1. S.G., aged 30, was seized by acute pain in the epigastrium and left 
lower chest during an attack of vomiting. The patient was not addicted to 
alcohol but ho had eaten a large meal and drunk some whisky shortly before he 
vomited. 

The patient was seen four hours Inter. Pulse 120. Temperature 97 6. Respira- 
tion normal. Rigidity of upper abdomen. 

Laparotomy was earned out with normal Codings. After this operation the 
patient became worse and the respiration rate increased. On the following day 
clear fluid was aspirated from the left chest, and a rib was resected and a drainage- 
tube inserted. 

18.iii.19l4. The nurse reported that all nourishment given by mouth was 
immediately discharged through the chest wound. 

19.iii.1911. Gastrostomy performed. 

23.iii.1014. Death, and at autopsy there was found a left empyema thoracis 
and a rupture some tw o inches long extending upwards from the cardia. The wall 
of the oesophagus appeared in every way normal. 

DIVERTICULA OF THE (ESOPHAGUS 

The clinical features and the operative treatment of the large diver- 
ticula or pouches which arise at the junction between pharynx and 
cesophagus are described in the section on the Surgery of the Neck 
(see Vol. II, page 1905). 

Diverticula of the thoracic cesophagus are divided into two types 
pulsion diverticula and traction diverticula. 

Pulsion Diverticula. 

Pulsion diverticula of the thoracic cesophagus are found only in the 
region immediately above the diaphragm ; to them the term epiphrenal 
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has been applied (fig 2754). Only in a proportion of cases is the 
presence of such <i diverticulum associated with symptoms, and the 
syndrome is so ran that Pick could only find a complete account of 
twenty case*' 

The retiolog\ j- not entirely clear, as in some of the specimens the 
presence of i < omplet* muscular coat would seem to indicate a con- 
genital origin w bile in others this layer is wanting and the diverticulum 
resemble- a hernial protrusion of the mucosa and might more properly 
be tamed a similu** In «mv event, it is undisputed that increase in 
size maj result troiu accumulation of food contents and pressure acting 
on this mas* from the oesophageal lumen. As in the case of other 
diverticula inflammatory changes may supervene, a sudden perforation 
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of the wall leading to acute mediastinitis, or a more gradual permeation 
leading to difluse mediastinal adhesions. In one case adhesions had 
ormed between the diverticulum and the fundus of the stomach, and 
perforation had brought about natural cure by providing adequate 
dunnage m o that vicus. These diverticula arc usually small in size, 
but one as large as the human fist has been reported. 

Some mated T c °mplaint of dysphagia, vomiting of 

ZdoS a , ft ft kn ° Wa to been ingested some days 
thTsterat, Th ? tl10 6Ul,iective of pressure deep under 

h IZZ I 0 " "’ ay loteirt for years, and it is only 

vhichTrLelr" '°" 1 f Cahon 5utdl « cardiospasm or diverticulitis 

sistlTSrf b 7 a " ia ‘;'' U ° r rad “>- Palliative measures con- 
bl3IKl d ‘ et ' and ’ m addlt »“. ^vage of the .sac may be attempted 
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through the cesoplmgoscope. Radical measures are justified only if 
simpler means fail and dysphagia assumes so great an importance as 
to threaten life. Two operations arc possible— extirpation of the sac, 
or the formation of an anastomosis between the diverticulum and the 
stomach. Both procedures carry a high mortality, but the latter is the 
safer of the two. Extirpation of the sac is especially indicated when 
the diverticulum lies in such a position as to make anastomosis difficult 
to perform. The successful removal of such a diverticulum by Saucr- 
bruch is recorded by Fick. The transpleural approach was used and, 
after removal of the sac and section of the phrenic nerve, a pedicle 
flap of the diaphragm was fashioned and sutured over the cesophageal 
wound. 

The anastomosis operation has been carried out from below the 
diaphragm by Lotheisscn, Kclling and others, and if the sac can be 
readily exposed by this route it is to be preferred to the transpleural 
At times the position of the diverticulum demands attack from above, 
and the first successful case of this type was done by Henschen. In a 
second case, where massive adhesions made exact anatomical display 
almost impossible, an incision was made into the diverticulum from 
within the lumen of the stomach, and this patient was healed. The 
technique follows the same lines as that of oesophago-gastrostomy 
and is better divided into two stages: In the first stage the 
lower oesophagus is exposed by the left transpleural route ; the phrenic 
nerve is divided, the diaphragm split, and a portion of the fundus 
drawn up into the chest and sutured to the diverticulum. The wound 
is closed without drainage. Four weeks later a second thoracotomy is 
performed and the anastomosis completed. 

Traction Diverticula. 

Traction diverticula of the oesophagus are seldom diagnosed during 
life.but at times they assume considerable importance and may even be the 
cause of fatal illness. Small in size and rarely multiple, these diverticula 
are the result of chronic inflammatory change in the oesophageal wall. 
Probably the most common cause of this inflammation is tuberculous 
disease of the lymph glands at the bifurcation of the trachea, but 
vertebral caries or pericarditis may be responsible. In some cases 
portions of ingested food may become lodged in the lumen and so act 
as a tension factor which contributes to increase in size. 

The dimension of these diverticula varies from that of a hazel-nut 
to that of a walnut. They are usually placed on the anterior wall of 
the oesophagus, and the apex of the diverticulum is directed upwards. 

Diagnosis can only be made after perforation, and this complication 
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is rarely seen. Tlie accidental inclusion of a sharp fragment of bone in 
the sac may predispose to it. Perforation into the mediastinum will 
produce a rapidly-spreading fatal infection unless the ground has been 
prepared by a previous inflammation, when a localised abscess offers 
some hope of treatment. Perforation into the bronchial tree the more 
usual event — may cause imm ediate suffocation as the contents are 
aspirated ; or an acute infection of the lung may result, followed in 
favourable cases by the formation of a localised abscess. The expec- 
toration of ingested material is certain evidence of this catastrophe. 

Treatment is indicated only when complications are present. Medias- 
tinal perforation and infection should be dealt with by open operation 
and drainage. The treatment of those cases of bronchial perforation 
which survive to present a picture of clironic abscess of the lung is 
illustrated by a case history below. A suitable drainage operation deals 
with the pulmonary infection, a plastic operation serves to close the 
fistula, and finally a second plastic operation is required to heal the 
defect in the lung. 

SAUERBRUCn’S CASE 

In December 1915 a soldier of 27 years was treated for a chest complaint 
which resembled broncho pneumonia. He contmued to suffer at intervals from 
attacks of coughing, hemoptysis and fever until February 1920, when he was 
admitted to a sanatorium as a case of phthisis. At this time he frequently expec- 
torated food material and complained that his sputum had a sour taste. In 
February 1921 he was admitted to the Clinic, and the diagnosis of cesophago- 
bronchial fistula was confirmed by skiagram. 

The following operations were then carried out at suitable intervals : 

Operation 1 — Gastrostomy. 

Operation 2 — Resection of ribs 5-10, and drainage of abscess in right 
lower lobe (marked general lmprov ement follow cd this intervention). 

Operation 3 — Return of fever necessitated further opening of the lung 
abscess, and after this exposure drops of milk taken by mouth could be seen 
appearing at the upper and inner angle of the cavity. 

Operation 4 —The patient insisting on an attempt at radical cure, the 
fistula was exposed from the mediastinal aspect by resecting the vertebral 
ends of the previously resected ribs. A sound passed into the fistula from the 
lung aspect assisted its dissection, but its ligature and repair, as illustrated 
in figure 2748, were carried out with the utmost difficult}-. At the upper angle 
of the wound, the azygos vein and its entrance into the vena cava were in full 
view. Three weeks later the patient was able to swallow all food with ease, 
and the gastrostomy tube was removed. 

The persistence of a series of bronchial fistula at the site of the original 
lung abscess the so-called “ lattice lung ” — required a plastic operation 
before final healing was attained. 
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SIMPLE STRICTURE 

Any inflammatory lesion of the oesophagus severe enough to involve 
destruction of the mucosa and invasion of the muscular wall may be 
followed by stricture formation. Swallowing of acids or alkalis is the 
cause of the most extensive strictures, especially if the initial treatment 
has been neglected. 

In Central European countries, lye (a strong caustic solution) is in 
general domestic use, and this fact may account for the comparative 
frequency of a condition which is uncommon in this country. The 
healing of a peptic ulceration of the oesophagus is another rare cause 
of simple stricture, and the features of a congenital stricture have 
already been discussed. 

There are three levels in the oesophagus at which an anatomical 
narrowing of the tube may cause the temporary arrest of any corrosive 
fluid, and there arc therefore three sites of election for subsequent 
stricture formation. These sites are, in order of comparative frequency, 
the cardiac end, the point at which the left bronchus crosses the 
oesophagus, and the upper end of the cervical oesophagus. Cases have 
been observed in which the entire tube has been obliterated by scar 
tissue, but these arc rare ; the presence of two separate strictures is 
more frequent. It may be mentioned that in stricture of the lower end 
of the oesophagus the abdominal portion usually escapes, and a stricture 
which may be impermeable from above may be dilated by retrograde 
dilatation carried out through a gastrostomy opening. 

The local decomposition of ingested food above a stricture may 
initiate a chronic oesophagitis or even local ulceration, and a further 
extension of such a process into the mediastinum is not uncommon. 
Once peri-cesophagitis is present, distortion of the normal course of the 
tube is apt to result. It is under such conditions that a false passage 
may be caused by an oesophageal bougie. Perforation of the oesophagus 
in this way is in most cases a fatal accident, but at least one case is 
recorded in which mediastinotomy and drainage proved successful. 

Diagnosis is seldom involved. The late cases are emaciated and 
show the general features of inanition; all complain of increasing 
dysphagia. The extrinsic causes of obstruction, especially aneurysm of 
the aortic arch, mediastinal tumour, and diaphragmatic hernia, must be 
excluded. The radiographic appearances are usually characteristic, and 
still more so the endoscopic, while it is only rarely that biopsy is needed 
in order to exclude carcinoma. There are cases of functional disturbance 
of the oesophagus in which spasmodic strictures appear at various sites 
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but, 25 there is no assccatai pathological condition of the wall, endo- 
tcopv mav determine a diagnosis usually quite obvious on general 
grounds. Cardio-pafrn may cause confusion but the mode of onset 
and the radkgraphic appearances should lie conclusive (fig, 275.5). 

TtBilwal must lie conservative, and only if repeated attempts at 
dilatation fail should a plastic operation be considered. Often complete 
cure may not result a-, although the lumen is restored, peri<Esophageal 
adbe-ions interfere with the normal function of swallowing ', but if the 



lumen can be restored such patients are in a more enviable state than 
that enjoyed by most subjects of an aesophagoplasty. 

The technique of dilatation of oesophageal strictures b described on 
page 5826. 

If surgical measures become necessary, the operation of choice 
would obviously be excision of the affected area and repair by end-to- 
end anastomosis. At present the technical difficulties of such a man- 
oeuvre are too great, and recourse to some form of cesophagoplasty 
is compelled. It is rarely that conditions permit of an cesophago- 
gastrostomy, a procedure which is more easily performed for the relief 
of cardiospasm. There arc few surgical problems in which greater 
ingenuity has been displayed than in the replacement of the oesophagus 
by substitution of some other vise us. The technique of cesophagoplasty 
is described later in this section. 
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OESOPHAGITIS 

Acute (esophagitis is sometimes observed as a complication of one 
of the acute specific fevers. The condition merely demands sympto- 
matic treatment, except in rare cases of diphtheritic infection when 
periodic dilatation during the convalescent period may be indicated as 
a prophylactic measure against stricture formation. 

The swallowing of corrosive fluids such as lye or concentrated acids 
produces an acute oesophagitis which may demand energetic treatment. 
The most severe cases, in which there is massive necrosis of the wall of the 
oesophagus with early perforation, are doomed and operation is useless. 
The mild cases, in which the constitutional symptoms are slight and 
fluids can still be assimilated, do not require operation. But the inter- 
mediate group, in which the degree of local damage is enough to 
prohibit the taking of fluids despite a general recovery from the imme- 
diate collapse attendant on the accident, do require surgical treatment. 
A gastrostomy should be performed, and in this way rest of the inflamed 
area ensured. After twenty-one days, feeding by mouth is resumed, 
and if the radiological appearances arc abnormal the question of 
periodic dilatation must be considered. Under no circumstances 
should any instrument be passed in the acute stage. 

Acute suppurative c esophagitis has already been mentioned as a 
complication of an impacted foreign body — usually a sharp spicule of 
bone. Once suppuration reaches the loose submucous tissues, a spread- 
ing phlegmonous inflammation may result. Treatment in localised 
suppuration is endoscopic removal of the foreign body, but oesophagitis 
of the phlegmonous type is fatal. 

Chronic asopkagilis may be an incident in chronic alcoholism, and 
it is frequently associated with diverticulum or stricture as a result of 
an unnatural accumulation of ingested material. Treatment must be 
symptomatic or directed towards the associated disease. 

Ulceration may be a feature of any type of chronic oesophagitis, 
but of special importance are the tuberculous, syphilitic and peptic 
ulcers. 

Tuberculous ulcers are most common in the middle third of the tube, 
and are usually an incidental finding at autopsy or in an advanced 
case of phthisis. One case is recorded in which symptoms of cardio- 
spasm developed and a solitary, tuberculous ulcer was detected in the 
lower reaches of the tube. As tuberculous ulceration is almost invari- 
ably a late event in a progressive and fatal disease, active treatment 
is rarely indicated. At the same time, if dysphagia is marked and 
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cannot be relieved by internal remedies, local treatment of the ulcer 
by endoscopic means may be considered. 

Syphilitic ulceration of the oesophagus is very rare, but its occasional 
presence is sufficient reason for endoscopic as well as for serological 
investigation before a diagnosis of carcinoma is finally determined. There 
are records of such cases which progressed to a fatal termination from 
inanition and in which the diagnosis was only established at autopsy. 
Also of practical importance is the record of another case in which a 
syphilitic ulcer of the oesophagus perforated into the left bronchus and 
an oesophago-bronchial fistula resulted. Healing followed a course of 
anti-luetic treatment. 


Peptic ulceration of the oesophagus has assumed greater importance 
of recent years, as improved radiological technique has supplemented 
endoscopic investigation to enable confident diagnosis of the condition. 
Peptic ulcer in the oesophagus may assume the same form as in its 
more usual sites — there may be a large single chronic ulcer or the 
mucosa over a wide area may be studded with multiple areas in which 
destruction of the superficial epithelium has occurred (fig. 2756). 
The usual complications of peptic ulcer may be observed— erosion of a 
vessel may cause hemorrhage, perforation of the ulcer is followed by 
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acute pleural or mediastinal infection, and healing of the ulcerated 
area may leave a fibrous stricture (fig. 2757). The aetiology remains 
obscure, but the site of the solitary' chronic ulcer— almost invariably at 
the cardiac eml of the tube — suggests that regurgitation of the acid 
gastric contents plays some part in the process. In some cases 
histological examination has demonstrated the presence of a heterotopic 
segment of gastric mucosa in the affected area. 

Peptic ulceration of the (esophagus is accompanied by pain, 
dysphagia, vomiting and h&'inorrhage. The pain is usually referred to 
the epigastrium — some patients have described its site as “ behind the 
breast bone/* while in others pain has been felt especially in the back 
at the level of the 5tli dorsal vertebra. In contra-distinction to the 
pain of gastric ulcer, the pain of an oesophageal ulcer is felt immediately 
after ingestion of food. 

The dysphagia is caused by associated spasm of the oesophageal 
wall and is a variable symptom. 

Although the patient will usually complain of vomiting, close 
investigation will show that it is an evacuation of oesophageal rather 
than of gastric contents which takes place. 

Haemorrhage may become apparent in various ways. Small quan- 
tities of bright red blood may be brought up, or blood may flow down 
into the stomach and then be cither vomited or passed on into the 
intestinal tract. 

As a result of these disturbances the general health becomes much 
reduced, and some of the early cases came to autopsy under the 
diagnosis of pernicious anaemia. It must also be stated that coincident 
ulceration of the stomach or duodenum has often been observed. 

The diagnosis can only be established by radiological and endoscopic 
examination. Endoscopy is to be employed only if radiology fails to 
demonstrate the ulcer. 

The treatment of peptic ulcer of the (esophagus should be in the first 
place conservative. If rest and internal remedies fail to give relief, 
jejunostomy or gastrostomy is indicated. In some cases actual excision 
may be required. The treatment of a stricture following an old peptic 
ulceration differs in no way from that of any other simple stricture of 
the oesophagus. Operative treatment of perforation of a peptic ulcer 
has proved disappointing. There have been one or two successful 
interventions for perforation of an ulcer of the lower oesophagus into 
the peritoneal cavity, but on only one occasion has mediastinotomy 
for a higher perforation saved the patient. 

Eoessler has recently reviewed this subject in great detail, and he 
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describes the treatment of five cases recently diagnosed and treated in 
the Sauerbmch Clinic. One of the operations— excision of the lower 
end of the oesophagus with immediate restoration of continuity— is of 
jjreat technical interest, and the following case history illustrates the 
general features of the syndrome 

CASE OP PEPTIC tTCEZ OP THE CEsOPHAGCS 

The nin<^s becaa with pain behind the xiphisternum some seven years before 
admission to hospital. There were frequent attacks of \ omiting. in which undigested 
food was brought up. From time to time there w<je remission;, but on the whole the 
condition gradually became worse, and on admission the patient was quite unable 
to assimilate food. The skiagram showed the outline of an ulcer immediately 
above the cardia. 

Xaporororav was performed and the presence of a lesion in the lower oesophagus 
confirmed bv palpation. A jejcnostomy was carried oat and for some weeks no food 
was given by mouth. It was then found that swallowing caused no pain or distress, 
the jejuncstomy was allowed to close, and the patient resumed a normal diet- 

The patient was examined some three years later, when he was in good health 
and radiological examination of the oesophagus showed it to be normal. 

NEOPLASMS OF THE (ESOPHAGUS 

iHhOCeitt. 

The following types of innocent tumours have been described : 
cysts, papillomata, myomata, fibromata and lipoma ta. These tumours 
are rare and only occasionally give rL-e to symptoms, but that they 
occur is important because instances have been recorded in which the 
diagnosis has only been established at an autopsv carried out on the 
victim of a supposedly malignant growth. 

The cjsii take origin in the submucous tissues and project into the 
lumen of th* ces-ophazus. usually on the anterior w all. They rarelv 
attain more than the size of a hazel-nut. For the most part such evsts 
pursue a -ymptomless course. They have occasionally been observed 
'luring a routine cesophagoscopy. More rarelv evsts, presumable of 
congenital origin and lined by ciliated epithelium, have been described ; 
the clinical features of such a case are illustrated in the following 
history : 

savehescch's Ct^ 

In ISO) a boy aged 13 years was seized with curious attacks characterised 

by collapse, dysphagia, and extreme cardiac irregularity. Medical treatment 
failed to give relief, tt<* symptoms of cardiospasm soon apparel, and on admission 
to the Clmc only firids could be swallowed and those with dhnrultv. Radio- 
logical examination dkW a rounded shadow Q do=e relation to the esophagus, 
immediately above the diaphragm. 

Operation I5.viAI. The lower (Esophagus was exposed by the left trans- 
pleural route. On its anterior wall, about 5 cm?, above the cardia, was a cystic 
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tumour tho size of a pear. It was at first assumed that the structure must be an 
epiplirenal diverticulum, but when it was opened there was no communication 
with the (esophageal lumen. After careful dissection the cyst was removed from 
its site in the muscular coat of the oesophagus. The wound was closed in layers 
without drainage. 

The report on the tumour (Prof. Roesslcr) stated that it was an epithelial 
cyst which had formed in early embryonic life. 

Convalescence was complicated by an infective pleural effusion which required 
siphon drainage, but in eight weeks the patient was discharged symptom free, 
having gained 10 lb. in weight. 

The papillomata are only to be recognised by endoscopy, and are 
readily susceptible to treatment by the cautery. 

Fibromata and lijxnnata take origin in the submucous tissues and 
project into the lumen of the tube. In course 
of time these tumours acquire a pedicle and 
assume a polypoid form. There is one case 
recorded in which such a tumour, taking origin 
in the upper oesophagus, could be extruded 
from the mouth. In all cases endoscopy is 
necessary to establish the diagnosis, and 
treatment may be carried out by the same 
route. 

The number of myomata recorded in the 
literature is very small (fig. 2758). At times 
these tumours project into the lumen, but as 
frequently they develop outwards and may 
come to exert pressure on other structures in 
the mediastinum. The following case history 
(Sauerbruch) illustrates the features of an 
operation case in which the tumour caused in 
its end stages the symptoms of cardiospasm. 

CASE OP FIBROMVOMA OF THE (ESOPHAGUS 

For tlic last three \-eara the patient, a policeman , „ , , 

aged 33, had suffered from pain behind the sternum o} Vro ; tSsar Dudgcon > 

and from dysphagia. A laparotomy had been done 

under a false diagnosis of peptic ulcer, and then the patient got some measure of 
relief by the passage of cesopbageal bougies. Finally, swallow ing became literally 
impossible, and m this condition he was admitted to the Clime. 

Radiological examination displayed a rounded shadow in the lower cesophagus, 
suggesting the presence of a benign tumour. 

Operation 9.iii.33. With the patient lying on his right side, under positive 
pressure anesthesia, the left chest was entered after resection of the 9th and 10th 
ribs. There was found a tumour of irregular outline which surrounded the lower 
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describes the treatment of five cases recently diagnosed and treated in 
the Sauerbroch Clinic. One of the operations— excision, of the lower 
end of the oesophagus with imm ediate restoration of continuity— is of 
great technical interest, and the following case history illustrates the 
general features of the syndrome : 

rtSE OF PEPTIC C1CEB 07 TBS O-sOFHAGCS 

The illness began with pain behind the xiphistemum some seven years before 
admission to hospital. There were frequent attacks of vomiting, in which undigested 
food was brought up. Fromtime to time there were remissions, but on the whole the 
condition gradually became worse, and on admission the patient was quite unable 
to assimilate food- The skiagram showed the outline of an ulcer i mmed iately 
above the cardia. 

Laparotomy was performed and the presence of a lesion in the lower oesophagus 
co nfirme d by palpation. A jejanoetomy was carried out and for some weeks no food 
was given by mouth. It was then found that swallowing caused no pain or distress, 
the jejunostomy was allowed to close, and the patient resumed a normal diet. 

The patient was examined some three years later, when he was in good health 
and radiological exarmnatica of the (Esophagus showed it to be no rm a l . 

NEOPLASM S OF THE (ESOPHAGUS 

innoceut. 

The following types of innocent tumours have been described: 
cysts, papillomata, myomata, fibromata and lipoma ta. These tumours 
are rate and only occasionally give rise to symptoms, but that thev 
occur is important because instances have been recorded in which the 
diagnosis has only been established at an autopsy carried out on the 
victim of a supposedly malignant growth. 

The c-j'ii take origin in the submucous tissues and project into the 
lumen of the esophagus, usually on the anterior walL Thev rarely 
attain more than the size of a hazel-nut. For the most part such cysts 
pursue a symptomless course. They have occasionaliv been observed 
during a routine cfcophagoscopy. More rarely cysts, presumably of 
congenital origin and lined by ciliated epithelium, have been described ; 
the clinical features of such a case are illustrated in the following 
history : 

SAUEEEZVCnS CAsS 

In 1350 a small boy a ged 13 years was seized with curious attacks characterised 
by colkprf, dysphagia, and extreme cardiac irregularity. Medical treatment 
£ul-d to pve relief, the symptom* of cardiospasm soon appeared, and on admission 
to me Cumc only duils could be swallowed and those with cimcnlty. Radio- 
logical examination dhdoKtl a rounded shadow in c!o**? relation to the esophagus, 
immediately above the diaphragm. 

Operation Io.viAI. The lower (Esophagus was exposed br the left tren*- 
ple-ral route. On its anterior wall, about o cm*, above the cardia, was a cystic 
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tumour the tire of a peftr. It was at first assumed that the structure must be an 
cpiphrcnal diverticulum, but when it was opened there was no communication 
with the oesophageal lumen. After careful dissection the cyst was removed from 
its site in the muscular coat of the awophagus. The wound was closed in layers 
without drainage. 

The report on the tumour (Prof. Rocssler) stated that it was an epithelial 
cyst which had formed in early embryonic life. 

Convalescence was complicated by an infective pleural cflusion which required 
siphon drainage, but in eight weeks the patient was discharged symptom free, 
having gained 10 lb. in weight. 


The papillomata are only to be recognised by endoscopy, and are 
readily susceptible to treatment by the cautery. 

Fibromata and Ujwmaia take origin in the submucous tissues and 


project into the lumen of the tube. In course 
of time these tumours acquire a pedicle and 
assume a polypoid form. There is one case 
recorded in which sucli a tumour, taking origin 
in the upper oesophagus, could be extruded 
from the mouth. In all cases endoscopy is 
necessary' to establish the diagnosis, and 
treatment may be carried out by the same 
route. 

The number of myomata recorded in the 
literature is very small (fig. ‘2758). At times 
these tumours project into the lumen, but as 
frequently they develop outwards and may 
come to exert pressure on other structures in 
the mediastinum. The following case history 
(Sauerbruch) illustrates the features of an 
operation case in which the tumour caused in 
its end stages the symptoms of cardiospasm. 

CASE OP FJBliOMVOJIA OP TJIE CCSOl'lIAGVS 



For the last three years the patient, a policeman <xa ° rHAQCS ', 

aged 33, had suffered from pain behind the sternum ££) 

and from dysphagia, A laparotomy had been done 

under a false diagnosis of peptic ulcer, and then the patient got some measure of 
relief by the passage of cesophageal bougies. Finally, swallowing became literally 
impossible, and in this condition he was admitted to the Clinic. 


Radiological examination displayed a rounded shadow in the lower (Esophagus, 
suggesting the presence of a benign tumour. 

Operation 9.iii.33. With the patient lying on his right side, under positive 


pressure anesthesia, the left chest was entered after resection of the 9th and 10th 
ribs. There was found a tumour of irregular outline which surrounded the lower 



5064 


POST-GRADUATE SURGERY 

end of the <ESophagu 3 as if it were grasped by a band. The tumour was excised, 
with some difficulty and in the process a defect was made in the wall of the c&sO- 
pha<ms. This defect was closed by suture and, as the formation of a stricture at 
this site seemed likely, an cKophago-ga^tro^tomy wa, carried out. The chest 
wound was closed and a high jejunostomy performed. 

The tumour proved to be a fibromyoma. 

The patient made a good recovery from this operation. After five weeks, 
normal swallowing was possible and the jejunal tube was removed. Radiological 
examination showed a free passage for the contrast medium. 

Malignant. 

Sarcoma of the oesophagus is a very rare disease. It may be of 
interest to note that it is more common after the age of 40. Although 
a certain diagnosis can only be reached by biopsy, the condition may be 
suspected if there is marked emaciation at a stage when oesophageal 
obstruction is not a prominent symptom and the patient is still able to 
assimilate his food. 

There is no record of radical surgical intervention for sarcoma of the 
oesophagus, and in most cases death results from widespread metastases 
before the threat of inanition requires gastrostomy. 

Carcinoma of the (Esophagus. 

Carcinoma of the oesophagus b a disease of middle life, although it 
has been observed in a man of 21 years. It affects men more frequently 
than women (Souttar records that of 15,000 patients suffering from 
carcinoma of the thoracic oesophagus only 3S50 were women), and its 
sites of election are the thoracic inlet, the level of the left bronchus, and 
the lower third of the oesophagus. 

The recotds of the Breslau. Pathological Institution 11S7&-Y9W) 
show the following results : 17,947 autopsies were done ; 1674 showed 
carcinoma, of which 204 were carcinoma of the oesophagus : 


Cervical oesophagus .... 26 

Thoracic inlet to bifurcation of trachea . 14 

Level of hHus of lung . . 29 

Between lulus and cardia . . . 117 

Whole oesophagus involved ... 3 

Site not recorded 15 


From these figures it would appear that the lower third is the most 
frequent site of growth, and Schmidt, who analysed 772 cases, came to 
a similar conclusion. 

Sauerbruch found that 35 per cent of the 117 cases in which the 
growth was situated between the hilus and the cardia died without 
forming distant metastases. although in most of them life had been 
prolonged by means of a gastrostomy. 
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Clayton, in a careful post-mortem study of 41 cases, found that 10 
had died without forming glandular or distant metastases. Starlinger 
found that 60 per cent of the cases he examined were without metastases, 
and ITcsley arrived at a similar result. Some might regard these con- 
clusions as unnecessarily favourable, but, judged on its natural history 
alone, cancer of the oesophagus should be at least as amenable to treat- 
ment as cancer of other portions of the alimentary tract. Its fatality 
lies in the fact that local extension must involve vital structures with 
comparative rapidity, in the possibility that symptoms may only 



appear late in the course of the disease, and in the purely technical 
difficulty of excising the growth. 

The majority of growths show the histological structure of squamous- 
celled carcinoma (fig. 2759). Adeno-carcinoma may be seen in the 
lower third, with its origin in the cells of the gastric mucosa, and it 
tends to run a very malignant course (see fig. 2760). Basal-celled car- 
cinoma with its usual general characteristics has been reported. 
Scirrhous types of growth are frequent, or the tumour may take the 
form of a fungating polypoid mass or of an ulcer. Peptic ulcer of the 
chronic solitary type may so closely simulate carcinoma that only a 
biopsy can establish diagnosis. 

The expectation of life after diagnosis of a carcinoma is short— 9 to 
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14 months even if gastrostomy is carried out. Turner records the case 
of a man of 52 who survived for almost 2 years, and at autopsy 
no local or general dissemination was found. Direct extension 
of the growth, with perforation into the left bronchus, aorta. 



pericardium, pleura or mediastinum, has been recorded. Some 
patients escape such complications and perish from inanition, but 
suppuration in the lung, pleura or mediastinum commonly determines 
death. 

The diagnosis of carcinoma of the oesophagus is seldom difficult once 
definite symptoms of obstruction arc present. Dysphagia may be a 
fluctuating symptom in the case of growths which undergo marked 
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necrosis, as a result of which the obstruction becomes temporarily 
relieved. The patient will frequently begin the day by emptying his 
oesophagus of the white tenacious mucus which lias accumulated above 
his growth during the night. 

The history is usually one of increasing difficulty in swallowing, at 
first overcome by increased muscular effort. Pain is not at first a 
prominent symptom, although vague substerna 1 discomfort may be 
experienced as the growth extends or as the lymphatic glands are 
involved. Later, pain may become a feature of the disease. Invasion 
of the left recurrent laryngeal nerve or of the sympathetic trunk, with 
corresponding change in larynx and pupil, may be associated with 
growths of the upper part of the viscus. 

Endoscopy oilers the only hope of early diagnosis and is essential 
in all cases to assess the type and form of the tumour. Biopsy should 
be an essential preliminary to active treatment. On endoscopy an early 
growth may demonstrate its presence by limiting or abolishing the 
normal enlargement of the lumen at each inspiratory act. The growth 
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itself may be visible, ami its site is often indicated by the proximity of 

blood-stained mucous secretion. 

Radiology enables a clear distinction to be made between those 
growths which act as a stricture and those in which little stenosis is 
present but where the wall of the oesophagus is widely involved. Exam- 
ination by the fluorescent screen after ingestion of some opaque medium 
may help to localise the site of the growth (see figs. 2701 and 2702). 

The treatment of carcinoma of the oesophagus may be palliative or 
active. A palliative measure often neglected is alleviation of the symp- 
toms by morphia and the local application of cocaine. The other 
measures possible are gastrostomy, intubation, or dilatation by sounds. 
The relative merits of early or late gastrostomy are still the subject of 
dispute, and the personal preference of the patient should be considered 
in reac hin g a decision. It must he realised that the immediate mortality 
of the operation is high when the general condition has deteriorated, 
and that, while an early gastrostomy will enable a fair degree of nutri- 
tion to be maintained, it is very difficult to improve the condition of an 
emaciated patient by the operation. An early gastrostomy should 
obviously be preferred if radical treatment, either by surgical or by 
endoscopic means, is contemplated. Not all cases are suitable for 
intubation, and it demands skilled technique, but it has the advantage 
of enabling the patient to regain his power of swallowing and to lead, 
if only for a time, his normal existence. The passage of bougies to 
maintain an open passage is fraught with grave danger from immediate 
perforation, but m the absence of special apparatus for intubation it 
will enable a gastrostomy to be postponed, and if the patient is warned 
of its immediate dangers there are circumstances in which it would 
seem to be a justifiable mode of treatment. 

The growing importance of physical therapy in the treatment of 
malignant disease is especially emphasised in the treatment of car- 
cinoma of the oesophagus. It has gained this importance because of 
the high mortality of surgical interventions rather than by virtue of its 
own efficacy. As Clayton points out, it seems unlikely that the simple 
application of radium will become an effective agent, for in most cases 
the wall is deeply involved and, even if it were possible to destroy the 
cancer cells, the patient is likely to die from the effects of perforation. 
Guises has recently demonstrated five successfid cases treated by radium 
by the endoscopic method, but he seems alone in this fortunate experi- 
ence. Hotz, Anshutz, Chaoul and others have worked along similar 
lines and have also employed deep X-ray therapy, with amelioration 
of symptoms in some cases but without curing the disease. Attempts 
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have been made to treat carcinoma of the oesophagus by applying 
radium or radon seeds to the exterior of the growth after surgical 
exposure, but the results have so far not been encouraging. Clainnont 
reported the cure of a case, in which biopsy had confirmed the diag- 
nosis, by means of deep X-ray therapy — the method of Coutard being 
employed. His patient died of pneumonia nine months after termina- 
tion of the treatment, and at autopsy no sign of the growth could be 
found. 

The ideal surgical treatment of carcinoma of the oesophagus is 
excision and restoration of the canal, but, although this ideal has been 
attained in a few isolated cases, it has so fur proved impossible to 
elaborate a standardised technique which would enable cesophagectomy 
to be carried out with the same general success as gastrectomy. Not 
only does the anatomical site of the oesophagus render this difficult, 
but most patients are seen when the disease is advanced and their 
general condition makes them poor subjects for a surgical intervention 
of complexity ami magnitude. 

Although the ideal is not yet attained, the work of von Mikulicz, 
Sauerbruch, Enderlen, Zaaiger, Torek, Lilienthal and others has helped 
to advance the general position of surgery in the chest, von Mikulicz 
first conceived the principle of the transpleural approach. Sauerbruch, 
by his early studies oil dogs, was able in 1904 to show thirteen surviving 
animals after transpleural cesophagectomy and cesopliago-gastrostomy. 
In these animals the diaphragm was incised and the stomach partially 
displaced into the thoracic cavity, a measure which had been fore- 
shadowed by Block many years previously and which has proved of the 
greatest value in restoring continuity of the tube despite its inextensible 
nature. Later, the method of invagination for tumours at the cardiac 
end was elaborated and in one case this was technically successful. 

Enderlen was the special protagonist of the posterior mediastinal 
route — an extra-pleural operation has obvious advantages, but the less 
adequate exposure adds operative difficulties. 

Torek excised a carcinoma of the oesophagus and his patient was 
alive thirteen years later ; during the whole of this time nutrition was 
maintained by means of a rubber tube which joined the cervical 
oesophagus to a gastrostomy opening. The growth lay at the level of 
the aortic arch and, after division of the oesophagus and closure of the 
aboral end, a second incision was made in the neck, by which the oral 
end of the cesophagus together with the growth was brought out to 
the surface. Torek had been impressed with the fatality which attended 
attempts to close the oral end of the divided cesophagus in situ — the 
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accumulated secretion invariably penetrated the suture line to infect 
pleura and mediastinum — and Ids treatment of the oral end, although 
it involved a very extensive dissection, avoided this danger. More 
recently, Eggers successfully operated on a man of thirty-eight by a 
similar method, and in this case continuity was restored by means of a 
rubber tube. 

Lilienthal, operating by the posterior mediastinal route, was able 
to excise a growth lying above the cardia. His patient survived with 
uorrnal powers of swallowing after an cesopliagoplasty in winch the 
d-in of the back was used after the method of von Hacker. 

Although Zaaiger, as well as Torek, has had a surviving patient after 
excision of the oesophagus and dislocation of the oral end up into the 
neck, the operation is one of great severity. The fascial planes of the 
mediastinum are opened up and this renders post-operative sepsis 
especially dangerous, while there is also immediate danger from 
haemorrhage as the oesophagus is dissected from its bed. 

The mode of approaching the growth must be judged on its merits. 
There are advantages in an extra-pleural approach, but it adds to the 
operation time and there are few patients who can withstand an inter- 
vention which lasts for more than three hours— the time required in 
Eggers’ case. There are some cases which may be accessible from 
below the diaphragm. Gohrbrandt was able to excise 5 cms. of the 
lower end of the oesophagus by the abdominal route and to restore 
continuity by implanting the oral eud of the tube into the stomach. 

The ideal method of replacing the excised portion of oesophagus is 
not yet developed. The utilisation of a loop of bowel, while it has met 
with success in cases of simple stricture, is so severe a procedure for the 
carcinoma patient that only Turner’s case has been known to survive. 
The experimental work of Neuhofand Ziegler, who restored continuity of 
the cervical oesophagus in dogs by allowing natural granulations to form 
round a rubber tube, has not so far found clinical application. Thoracic 
dislocation of the stomach, as elaborated by Ivirschner, offers most 
hope as it enables restoration of continuity by direct anastomosis 
between the oral end of the tube and the stomach. 

Descriptions of the endoscopic treatment of carcinoma of the 
cesophagus appear in the appropriate sections, where are described, 
in addition to the palliative measures such as intubatiou, the local 
application of radium, local removal of a tumour, and treatment by 
diathermy. 

It is obvious that some of the methods of treatment outlined can 
profitably be combined in any given case. Thus, for example, gastro- 
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fctorny may be required in cases where endoscopic diathermy of the 
tumour is attempted, and frequently the local use of radium is 
supplemented by deep X-ray therapy. 


CAUDIOSPASM 

There are references in the eighteenth-century literature to a curious 
disorder in which there is enormous dilatation of the oesophagus, an 
increasing and perhaps ultimately fatal dysphagia, and yet even the 
primitive oesophageal sounds in use at that date could be passed without 
difficulty into the stomach, while after death dissection failed to reveal 
any organic cause of oesophageal obstruction. 

In modem times the diagnosis of cardiospasm was first attached to 
these cases by von Mikulicz, and he was able to show that the spasm 
was often accompanied by some local focus of irritation. In one case 
there was a fissure in the oesophageal wall and in others peptic ulcera- 
tion of the oesophageal wall was present. More recently, cases have 
been recorded in which the irritative cause has been an cpiphrenal 
diverticulum or an innocent tumour. It lias also been found that the 
syndrome may be initiated by some sudden emotional shock, and in 
these patients the syndrome is due to a central and not to a loca 
nervous disturbance. 

Hurst would substitute the word “ achalasia ” for cardiospasm. He 
believes that there is no actual spasm but that the normal relaxation 
of the cardia fails to occur ; in this view he is supported by Rieder, 
who carried out section of the muscle coat at operation on twelve cases 
but failed to demonstrate hypertrophy, and by Cameron, who made a 
similar observation at an autopsy. 

The balance of evidence is against those who would localise the 
disturbance in the oesophageal hiatus of the diaphragm an a e e 
syndrome phrenospasm. There have certainly been one or two cases 
in which operation has disclosed some hypertrophy o t at strip o 
muscle-fibres which normally encircles the lower end o t e cesop agus, 
and section of these fibres has brought relief, but this is quite an 


exceptional finding. . , , 

Mega-oesophagus has already been described (see page 5048), and the 
reasons for considering it as a separate syndrome enumerated. Cardio- 
spasm may be associated with mega-oesophagus, especially if secondary 
changes of an inflammatory nature are present, as these may provide a 
focus from which irritative impulses pass to the cardia. The ei arg 
ment of the oesophagus in cardiospasm is spindle-s ape , an e org 
does not display the sinuous outline of mega-oesophagus. 
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The normal msophagus has at the most a capacity of 150 cc.— in 
these cases the capacity may exceed a litre. There is at first hyper- 
trophy of the cesophageal musculature, but if the condition persists a 
secondary atrophy appears and the thin trail of the dilated oesophagus 
is then liable to perforation when instrumentation is attempted. 

The clinical features of cardiospasm are never entirely uniform. In 
cases of central origin the onset may be sudden and in direct relation 
to some emotional shock. The operation of some local irritative focus 
like a peptic ulcer or a tumour will usually produce a more gradual 
onset of symptoms. Once the syndrome is established, the symptoms 
in general resemble those of stricture of the cesopliagus, except that 
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periods of remission are more usual. In the early stages of the disorder 
the patient practises various manoeuvres to assist in deglutition, but 
as it progresses these become ineffective. As time goes on and the size 
of the (Esophagus increases, symptoms due to pressure on the medias- 
tinal structures may become apparent, more especially palpitation and 
attacks of cardiac arhythmia. In the later stages decomposition of 
retained food material in the dilated tube adds to the general distress, 
and at times aspiration of infected detritus may set up an infective 
process in the lung which may either terminate in an acute gangrene or 
progress to chronic suppurative pneumonitis. 

The diagnosis is often clear on clinical grounds, but the presence of 
some associated lesion, such as a tumour or stricture, can only be revealed 
by radiological examination (fig. 2763). The patient complains of an 
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increasing dysphagia, remarkable in that long periods of complete 
remission may occur. In late cases emaciation and the signs of oeso- 
phageal obstruction are present. Patients complain of a foul taste in 
the moutli; some have developed a trick by which they maintain 
some degree of comfort by periodically 
irritating the pharynx and evacuating 
the oesophageal contents; others find 
that dry, solid materials can he taken 
while semi-fluid substances fail to reach 
the stomach, or the reverse may be 
experienced. 

In many cases the passage of a 
stomach tube, with the successive 
evacuation of oesophageal contents and 
gastric juice, may demonstrate the 
nature of the disorder. 

The radiological examination should 
include examination before the fluore- 
scent screen while some opaque material 
is swallowed. The technique of endo- 
scopic examination of cardiospasm is 
detailed elsewhere. It should be done in 
all cases to exclude the presence of some 
local cause for the syndrome. 

Treatment must be modified according 
to the circumstances of the case, and 
only in the last resort should it bo 
operative. 

Cardiospasm in a nervous subject 
can often be cured by psycho-therapy. 

Drug treatment with suitable doses of 
atropine and pilocarpine is sometimes 
helpful, despite the' antagonistic nature 
of their action. BT ™* ririE * r - 

Dilatation by the simple bougie is 
usually ineffective, and recourse must 

be had to the hydrostatic dilator of Gottstein-Geissler or to the 
mercury tubes of Hurst. The hydrostatic dilator must be used 
with caution, as fatal rupture of the oesophagus has been recorded. 
Hurst employs rubber tubes, each filled with the same weight of 
mercury (1 lb. 5 oz.), which are passed in the usual way and allowed 
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of the oesophagus increases, symptoms due to pressure on the medias- 
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increasing dysphagia, remarkable in that long periods of complete 
remission may occur. In late cases emaciation and the signs of oeso- 
phageal obstruction are present. Patients complain of a foul taste in 
the mouth ; some have developed a trick by which they maintain 


some degree of comfort by periodically 
irritating the pharynx and evacuating 
the oesophageal contents ; others find 
that dry, solid materials can be taken 
while semi-fluid substances fail to reach 
the stomach, or the reverse may be 
experienced. 

In many cases the passage of a 
stomach tube, with the successive 
evacuation of oesophageal contents and 
gastric juice, may demonstrate the 
nature of the disorder. 

The radiological examination should 
include examination before the fluore- 
scent screen while some opaque material 
is swallowed. The technique of endo- 
scopic examination of cardiospasm is 
detailed elsewhere. It should be done in 
all cases to exclude the presence of some 
local cause for the syndrome. 

Treatment must be modified according 
to the circumstances of the case, and 
only in the last resort should it be 
operative. 

Cardiospasm in a nervous subject 
can often be cured by psycho- therapy. 
Drug treatment with suitable doses of 
atropine and pilocarpine is sometimes 
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Dilatation by the simple bougie is v^v™^^****" 
usually ineffective, and recourse must 

he had to the hydrostatic dilator of Gottstein-Geissler or to the 
mercury tubes of Hurst. The hydrostatic dilator must be used 
with caution, as fatal rupture of the oesophagus has been recorded. 
Hurst employs rubber tubes, each filled with the same weight of 
mercury (1 lb. 5 oz.), which are passed in the usual way and allowed 
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to remain in position for five minutes. The intervals a t which they are 
employed are gradually lengthened, and the patient is taught to use 
them hims elf until such time as his symptoms arc relieved. Vinson, 
reporting on 679 cases treated by hydrostatic dilatation (the dilator 
being gilded by a previously-swallowed thread), found complete healing 
in only 188, and 117 patients retained dysphagia of moderate or con- 
siderable degree. Dilatation methods can only be expected to succeed 
in the absence of some organic lesion which is serving as an irritative 
focus 

Spasm of the cardia secondary to a peptic ulcer of the lower 
msophagus might be treated by gastrostomy and suitable diet, while if 
the ulcer lay high on the cardiac end of the stomach a jej unostomy 
might attain the same end. A congenital valvular obstruction or poly- 
pus in the lower oesophagus might be dealt with by endoscopy. 

The oldest direct operation on the cardia is that of digital dilatation 
of the orifice from within the stomach, von ilikulicz did this six times, 
with success in five cases, and Walton has recorded a later series of 
successful cases. This method, like hydrostatic dilatation, is likely to 
fail if a focus of irritation is present. 

The role of denervation in the treatment of cardiospasm is discussed 
in VoL II, page 3152. Clairmont performed and carried out section 
of the lower vagal fibres, while more recently Knight has practised 
sympathectomy. 

Three direct operative procedures have been carried out- — Heller’s 
operation of section of the muscle coat, the operation of cardioplasty, 
and the operation of msophago-gastrostomy. Heller reported 20 cases 
treated by his method, with success in 18, and s imila r results were 
obtained by Payr, Enderlen, Zaaiger, Sauerbruch and others. Jlore 
recently good results have been reported by Rieder. Sauerbruch has 
done this operation 7 times : there was 1 post-operative death from 
meningitis, 5 cases were cured, and 1 — who was actuallv a case of 
mega-oesophagus — got merely temporary relief. This is probably the 
operation of choice if there is intrinsic spasm, but if is likely to fail if 
the spasm is secondary to some local focus of irritation, 

CEsophago-gastrostomy is to be preferred to cardioplasty because 
it prorides more certain relief. Successful transpleural cesophago- 
gastrostomy has been reported by Sauerbruch, Henschen and Enderlen, 
while Turner and Fromme have used the abdominal route with 
success. 
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SURGICAL EXPOSURE OF THE (ESOPHAGUS 1 

Exposure of the Thoracic (Esophagus. 

The thoracic oesophagus has been exposed in cases of carcinoma, 
benign tiunour, diverticulum, and for the extraction of foreign bodies. 
Two routes arc available for exposure — tlic mediastinal and the trans- 
pleural. von Mikulicz was perhaps the first surgeon to make a determined 
attempt to exploit the surgery of the thoracic oesophagus, and, after 
repeated trials of the mediastinal route, he came to the conclusion 
that only the transpleural route could give adequate exposure. The 
chief modern advocate of the transpleural route is Sauerbruch. Ender- 
len, on the other hand, preferred the mediastinal route, and his account 
of the surgery of the posterior mediastinum is of the utmost value. 
Lilientlial still employs this approach, and it may be noted that one 
of the few cases in the world literature up to 1933 in which natural 
swallowing was restored after excision of a carcinoma was carried out 
by him. All authorities are agreed that the mediastinal approach is 
to be preferred in such cases as impaction of a foreign body necessitating 
cesophagotomy, in intervention for perforation or rupture of the organ, 
or in extirpation of small diverticula which have perforated into a 
bronchus. In this type of case it is a considerable advantage to be in 
a position to leave a large open wound for drainage. 

In exposing the upper thoracic oesophagus by the transpleural 
route, Sauerbruch resects the 2nd and 3rd ribs from the sternal margin 
for C cms. of their extent, incises the sterno-clavicular joint, dis- 
locates the sternal end of the clavicle, and finally resects a portion of 
the 1st rib. The pleura is opened by a vertical incision and the 
oesophagus identified as it lies behind the tra chca. Barrett has recorded 
an operation by Romanis in which a diverticulum was removed which 
opened into the oesophagus just below the level of the azygos vein. 
Approach in this case was made through an incision in the Cth intercostal 
space. 

For his successful case of radical operation for carcinoma, Torek 
made an incision along the whole length of the 7th left intercostal 
space. The 4th, 5th, Cth and 7th ribs were divided in the region of the 
tubercle and the pleura incised. With this exposure an excision of the 
entire oesophagus from the diaphragm to the thoracic inlet was carried 
out under vision. Kirschner has used the same interspace in displaying 
the lower oesophagus and the region of the cardia. Division of the 7fch 

1 The anatomical measurements recorded were made during a joint investigation 
with Mr. R, IV. Raven. 
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costal cartilage and tlie left rectus muscle permits of a wide exposure of 
the diaphragm, and, if necessary, this muscle is divided in a line stretch- 
ing from the cesophageal hiatus to the periphery. Hedblom and Zaaiger 
have employed a very similar approach, but these authorities consider 
that a preliminary resection of the lower ribs carried out some 10 days 
before the final operation facilitates the subsequent exposure. A left 
transpleural approach to the lower oesophagus is also used by Saucr- 
bruch, and this route was adopted by Eggers in his successful case. 

Grpgoire has described in minute detail an extra -pleural approach to 
the lower end of the thoracic oesophagus. He resects the 12th rib on 
the left side, and after simple division of the 10th and 11th ribs the 
pleura is separated from the costo-vertebral sulcus. The oesophagus is 
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exposed between the aorta on the medial side and the lung, covered 
by the separated costal pleura, on the lateral side. By incising the 
diaphragm and so exposing the cardiac end of the stomach Gregoire 
has carried out an oesophago-gastrostomy by this route. 

Lilienthal enters the mediastinum after resection of the 9th rib ou 
the left side. According to the exposure required, further ribs are 
excised after separation of the parietal pleura has been begun. Lilien- 
thal mentions the descending thoracic aorta and the great splanchnic 
nerve as important landmarks in the initial stages of the operation. 

Technique . 

(1) Right Transpleural Exposure of the Upper (Esophagus (fig. 2765). 
The patient lies on liis back with the upper extremities extended by 
his side. An incision 10 eras, long is made over the 2nd rib from 
without inwards to the sternum. It is then carried vertically down- 
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wards over the sternum to the 4tli costochondral junction and from 
thence outwards for 10 ems in the line of the 4th rib. This flap, con- 
sisting of the skin, superficial and deep fasciae, and costo-sternal portion 
of the pectoralis major and pectoralis minor muscles, is dissected 
from the deeper structures and reflected outwards. The periosteum 
is reflected from the 2nd and 3rd ribs over 12 and 14 cms. of their 
length respectively, and similar lengths of these ribs, together with their 
costal cartilages, are removed. The internal mammary artery and 
veins are exposed in the inner part of the wound. An incision is made 
in the 2nd intercostal space to open the pleural cavity. The right lung 
is retracted outwards and downwards and the following structures are 
identified : the superior vena cava with the right phrenic nerve and 



accompanying blood-vessels is seen in the medial part of the wound ; 
the vena azygos major is seen arching over the root of the lung to 
join the superior vena cava ; the trachea is easily identifiable, and the 
right vagus may be found in a triangle bounded by the trachea, the 
vena azygos major, and the superior vena cava. The vena azygos 
major is divided and the mediastinal pleura incised to expose the 
oesophagus as it lies behind the trachea and above the right bronchus. 
In this way 8-5 cms. of the oesophagus may be exposed — the upper 
limit being the thoracic inlet and the lower limit the bifurcation of the 
trachea. The exposed oesophagus lies at a depth of 7*5 cms. 

(2) Right Transpleural Exposure of the Lower (Esophagus (fig. 2766). 
The patient lies on the left side, with a pillow under the ribs and the 
right arm held by an assistant as in the operation of paravertebral 
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thoracoplasty. An incision is made over the 6th rib from the costal 
cartilage to the inferior angle of the right scapula. A subperiosteal 
resection of some ‘26 cms. of the 6th rib is then carried out. An 
incision is made in the 6th intercostal space and the pleural cavity 
opened. After lateral retraction of the right lung the following 
structures are seen anterior to the (esophagus ' the bifurcation of the 
trachea, the left bronchus, the pericardium, and the diaphragm. 
Posteriorly aTe found the vena azygos major and the thoracic duct. 
>Var the diaphragm the (esophagus becomes anterior to the descending 
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thoracic aorta, and above it is crossed by the vena azygos major. In 
this way the (esophagus is exposed between the lung root and the dia- 
phragm in a length of 1-1 cms. Division and ligature of the azygos vein 
enable the organ to be followed up to a rather higher level, so that in all 
16 cms. may be exposed. The oesophagus lies at a depth of 12 cms. 

(3) Left Transpleural Exposure of the Lover (Esophagus (fig. 2767). 
The patient lies on the right ride with a cushion beneath the ribs and 
the arm held by an assistant as for a paravertebral thoracoplasty. An 
incision is made over the 6th rib commencing at the costal cartilage 
and extending upwards and backwards over the inferior angle of the 
scapula. The periosteum covering this rib is elevated and 24 cms. of 
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the rib removed. The pleural cavity is opened through the Oth inter- 
costal space. The left lung is retracted forwards and the cesophagus 
is identified lying between the descending thoracic aorta behind and 
the pericardium in front. The diaphragm is below, and in the inner 
part of the wound the termination of the left phrenic nerve with accom- 
panying blood-vessels may be seen. The pericardium constitutes the 
greatest obstacle to clear vision, but after division of the mediastinal 
pleura the (esophagus mav be drawn outwards and the left vagus with 
its plexus easily identified. In this way the (esophagus is exposed 
between the arch of the aorta and the diaphragm for a length ot 14 
cuts, and at a depth of 9-5 cms. 

(4) Right Mediastinal Erasure of the (Esophagus (fig. -708). the 
patient lies prone on the table with the right arm held by an assistant 
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lung mid pleura and the descending thoracic aorta. To the inner side 
of the aorta the bodies of the thoracic vertebra* may be seen with the 
thoracic trunk of the sympathetic and the grea t splanchnic nerve. The 
oesophagus disappears above under the arch of the aorta, and, below, 
it may be seen passing through the oesophageal hiatus of the diaphragm. 
In this way the oesophagus may be exposed from the arch of the aorta 
to the diaphragm for a length of some 14 cms. A similar incision but 
with the sacrifice of fewer ribs permits of a more limited exposure. 
The oesophagus lies at a depth of 7-o cms. 

The Abdominal (Esophagus. 

Reference has already been made to the successful operation by 
Grey Turner in which a carcinoma of the oesophagus was extirpated 
by the collo-abdominal route, liis abdominal approach was made 
through a median incision, and, after separation of the left lobe of the 
liver from the diaphragm, the oesophagus was exposed. 

A carcinoma of the lower ccsophagus was excised by Golirbrandt 
from below the diaphragm and continuity was restored. The abdomen 
was opened by an oblique incision below the left costal border. The 
cardiac end of the stomach was drawn towards the surface, aud after 
section of the left vagus and transverse division of the peritoneum a 
blunt separation of the lower end of the oesophagus was carried out. 
Free mobilisation was only possible after section of the right vagus. 
Golirbrandt recommends that separation should be carried out by the 
index finger rather than by any special form of instrument, in order 
to avoid an accidental wound of the pleura as the viscus is followed into 
the mediastinum. Grey Turner has also used this method. Clairmonfc 
has employed this route for the excision of an cpiplirenal diverticulum. 
Grey Turner has made use of the abdominal approach for the operation 
of cesophago-gastrostomy in cases of cardiospasm and simple stricture, 
and a similar approach has been used by Fromme. 

Technique. 

(1) Simple Laparotomy. The patient lies on his back in the 
reversed Trendelenburg position — that is, with the foot of the table 
inclined downwards. A median incision from the ensiform to the 
umbilicus serves to open the abdominal cavity. After division of the 
left lateral ligament the left lobe of the liver may be retracted to 
the right and the region of the cardia exposed. The stomach is drawn 
downwards and the abdominal oesophagus comes into view. After 
transverse division of the peritoneum blunt dissection, followed by 
gentle traction, renders it possible to expose some 5 cms. of the 
oesophagus at a depth of 13 cms. 
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(2) M a need el Method (modified) (fig. 2770). The patient lies in the 
reversed Trendelenburg position, and a vertical incision is made from 
the root of the ensiform process to a point 2 cms. below the umbilicus. 
At the juncture of the upper two-thirds and lower one-third of this 
line a second horizontal incision passe3 out to the costal border. A 
triangular musculo-cutaneous flap is dissected upwards to expose the 
lower costal cartilages on the left side. After section of the 6th and 
7th costal cartilages at their junction with the sternum a subperiosteal 
resection of some 2 cms. of the 7tb, 8th and 9th ribs at the costochondral 
junction is carried out. 

This manoeuvre enables the left costal border to be lifted up in the 
manner of a trap-door, and after division of the left lateral ligament 
and retraction of the left lobe of the liver an excellent exposure of the 
oesophagus 13 obtained. In this way, after division of the peritoneum, 
mobilisation of the oesophagus, and section of both va«u> some 8 cms. 
of the oesophagus may be exposed. The original depth from the surface 
is 14 cms., but mobilisation of the organ, together with retraction of 
the costal flap, enables the (Esophagus to be brought up almost to the 
surface of the wound. 

In approaching the oesophagus by the transpleural route in the dis- 
section, rib resection was always practised. A similar exposure may 
be obtained by an. intercostal incision with removal of segments of the 
ribs posteriorly, as practised by Lilienthal, or by division of the costal 
cartilages anteriorly, as done by Kitschner. 
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The upper oesophagus— from the level of the thoracic inlet to the 
lung root— is best exposal by a right transpleural approach. 

Tlie oesophagus in the region of the lung root is best exposed by a 
right mediastinal approach, Excision of short segments of rib renders 
adequate exposure difficult, but if the lengths described are excised, 
there is ample room for the assistant’s hand to retract lung and pleura 
without encroachment on the operative field. It is also possible to 
expose this region by a right transpleural approach after ligature and 
division of the azygos vein. 

The lower oesophagus— from the level of the aorta to the oesophageal 
hiatus in the diaphragm— 'is best exposed by a left transpleural approach. 
If there is any doubt as to the upper limit of the lesion, the right trans- 
pleural approacli should be substituted, because ligature and division 
of the vena azygos major enables the organ to be followed upwards, 
while separation of the oesophagus from behind the arch of the aorta is 
an intervention of great magnitude. It is also possible to expose the 
lower oesophagus by the mediastinal route, and here also approach 
from the left side is to be preferred. 

Approaching the oesophagus from below, the modified Marwedcl 
incision seems to he the method of choice if a difficult operation such 
as local resection with restoration of continuity is contemplated. In 
suitable cases the operation could be carried out in two stages, with 
mobilisation of the costal arch as the first. 

THE TECHNIQUE OF OPERATIONS ON THE (ESOPHAGUS 

(1) Ilesection of the thoracic oesophagus. 

(2) Operative treatment of cardiospasm, including cesophago- 

gastrostomy. 

(3) (Es'ophagoplasty. 

Technique of (Esophageal Resection 

The approacli and mode of operation differs according to the site 
of the growth, and for this purpose the oesophagus may be divided into 
three zones : 

Zone 1. Thoracic inlet and downwards for 2 or 3 cms. 

Zone 2. Thoracic inlet to bifurcation of trachea. 

Zone 3. Bifurcation of trachea to cardia. 

Resection at the Thoracic Inlet ( Collar Resection) 

A gastrostomy is carried out some two weeks before radical operation 
is attempted, A large collar incision exposes the region above the 
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jugular notch and clavicles. The (esophagus is exposed on the left side, 
as described under the heading of Cervical (Esophagostoniy. The 
oesophagus is followed down into the posterior mediastinum and 
separated from its surroundings by blunt dissection. With care it 
should lie possible to avoid wounding the mediastinal pleura, but ill 
case of this accident positive pressure anesthesia must be at 
hand. 

The tumour having been isolated, a crushing clamp is placed below 
it and a strong silk ligature applied. After clamping the oral end, the 
esophagus is divided by the cautery and displaced upwards into the 
neck. If practicable, the aboral end is invaginated and secured by 
suture. The oral end of the oesophagus is separated upwards until it 
can be brought out on the surface of the neck without tension, and to 
facilitate this step a vertical skin incision may be made, beginning at 
the centre of the original incision. The mediastinum is packed with 
gauze and the wound partially closed. Before applying the final 
dressing, a tube must be secured in the oral oesophagus to prevent 
soiling by saliva and secretion from the growth. 

Ten days must elapse before the tumour is extirpated, as this period 
enables protective granulations to develop in the wound area. In an 
exceptionally favourable case, the problem of restoring continuity 
may be met by an ante-thoracic cesophagoplasty, but usually a rubber 
tube connecting the cervical oesophagus to the gastrostomy opening 
must suffice. The possibilities of this method are illustrated by the 
very remarkable case reported by Evans. 

Resection bcticeen the Thoracic Inlet and the Bifurcation of the 
Trachea 

The transpleural operation (figs. 2771, 2772 and 2773). A right 
transpleural exposure under positive pressure anaesthesia is carried out 
as already described. Access to the oesophagus is obtained by careful 
incision of the mediastinal pleura. The oesophagus is freed from its bed 
by blunt dissection with the finger, and during this procedure it may 
be found that extension of the growth makes separation impossible 
so that the operation must be suspended and the chest closed in the 
usual way. 

When separation ha3 been effected, a rubber tube is passed round 
the oesophagus to facilitate its manipulation, and the organ is divided 
below the growth with the usual precautions, the aboral stump 
being closed and allowed to drop back into the wound. To enable 
treatment of the oral end the incision must be extended into the 
neck, and the procedure is then completed as in collar resection. 
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while the problem of restoring continuity must be dealt with in a 
Slm After inflation of the lung, the pleural cavity is closed in the usual 


The cnra-ple.ural approach. Stage 1. Approach may be fromeither 
side and the incision marks out a amiable flap for the subsequent 
cesophagoplasty. Access to the postenor medrastmum » gamed as 
already described. The lung and pleura are retracted outwards and the 

msophagus having been .W "^^d afl hremorrhage 
^ "bed^S be m cSofled q The shin flap is passed 
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underneath the cesophagus, to which it is secured by a few stitches, 
and the wound is packed with gauze and partially closed by suture 
(figs. 2774, 2775, 2776 and 2777). 

Stage 2. This follows some 12 days later. The growth, together 
with a suitable portion of the oesophagus, is excised. 

Stage 3. Some 4 weeks later, by suitable incision and suture, the 
skin flap is converted into a tube which serves to restore continuity. 
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Resection at the Bifurcation of the Trachea 
The method just described may be used for growths at the level of 
the bifurcation of the trachea, hut here approach is easier from the left 
side. In this approach the aorta is encountered, and the various direct 
branches from it to the oesophagus must ho ligated with care, in 
general, the technique is similar to resection of the upper (esophagus 
by the extra-pleural method. 

Lilienth.nl in his successful case operated somewhat after this manner. 


Resection of the Loner Third of the Thoracic (Esophagus 
Transpleural approach. X preliminary jejuuostomy is to ho pre- 
ferred to a gastrostomy in order to leave the stomach free for its 
mobilisation and dislocation into the thorax. A left transpleural 
approach is carried out as previously described. 

The phrenic nerve is crushed, and the peritoneal cavity is entered 
by careful incision of the diaphragm. This incision should reach from 
the cardia to the 12th"rib, and suitable retraction displays the contents 
of the upper left abdomen to view. The stomach is freed by ligature 
and division of the vessels of the greater and lesser omenta by the 
Kirschner method, which is described on page o095. e \agi 
divided in order that one important path for nociceptiv e j m P u es ' 
be broken. The msophagus is separated from its bed by blunt d s- 
section and, after application of strong clamps an iga ures, 
segment containing the growth is excised. The a ora en is 1U '‘ 
ated into the stomach and secured by sutures, while the oral end 
retained for implantation into the stomach. , i 

After careful isolation by gauze packs and aspiration of the stmnadr 
contents by puncture, that viscus is displaced upwards anti a smtobte 
site for union with the (esophagus can be selected wrfhou undue 
tension. The (Esophagus is sutured to the stomach just above the pom 
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on its anterior surface selected for tire auastomosis, and two incisions 
are made through the stomach wall. The upper incision must be some 
2-5 ems. long while the lower incision, situated some o cms. below 
the first, need only be large enough to admit a pair of ligature forceps. 
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The forceps are then passed into the stomach through the small incision 
and out through the large incision in order to grasp the ligature closing 
the oral end of the oesophagus, which is then drawn down into the 
stomach. By traction on the forceps an assistant holds the oesophagus 
in place while a series of single sutures secures the anastomosis line. 
Three tiers of Lerabert sutures should, if possible, bo inserted, uniting 
the gastric serosa to the muscle of the oesophageal wall. On completion 
of the anastomosis the oesophageal ligature is withdrawn from the lowur 
stomach wound. It is divided, and the wound closed by suture. T e 
stomach is sutured to the edges of the cut diaphragm, and the chest 
closed (figs. 2778, 2779, 2780 and 2781). . 

Although excision and restoration of continuity within the thorax 
is the obvious ideal, in most cases it has only been possible to close 
the lower end of the (esophagus and then, after blunt separation of the 
organ from the mediastinal structures, to remove it, toget er wit 1 le 
tumour, through a second incision in the neck. The patient is ell e 
with a cervical cesophagostomy and a gastrostomy. omew a a ter 
this maimer Zaaiger operated with success for a tumour wlncll requued 
resection of the lower end of the (esophagus together with the cardiac 
part of the stomach. He made a preliminary gastrostomy at the 
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pyloric end of tlie stomach and did not attempt to restore continuity 
by anas tomosis. The oral end of the oesophagus, together with the 
tumour area, was brought to the surface, so that the patient remained 
with a gastrostomy and au cesophageal fistula at the level of the 8th 
rib : soft foods could be ingested and pass between these two points 
through a rubber tube. A similar success has been recorded by Muir. 

Extra-pleural approach. Dislocation of the stomach is also possible 
bv an extra-pleural method after resection of the lower ribs and trans- 
verse processes. The operation is one of great severity, and, although 
its design in some ways represented a technical advance, a successful 
operation on man by this route has not been recorded. 

The technique of collo-abdominal resection of the oesophagus has 
been described in recent papers by Grey Turner, and in his hands the 
operation has proved practicable and successful. A deliberate expos- 
ure of the thoracic oesophagus is avoided. In the case of growths of 
the lower oesophagus, after exposure of the abdominal oesophagus as 
already described, a bluut dissection is carried out through the oesophag- 
eal hiatus as far upwards as is practicable, and the oesophagus is then 
severed at the cardia. The oesophageal hiatus is closed by suture of 
the left lobe of the liver. The cervical oesophagus is next exposed and 
followed downwards into the mediastinum by a similar process of dis- 
section. Finally the entire organ, together with the tumour, is with- 
drawn from the neck wound. It is recommended that the organ should 
be left in situ f or a few days before its final removal. 

Technique of the Operative Treatment of Cardiospasm 

Exposure of the Cardia. 

A long incision is made in the left 9th intercostal space and a 
suitable retractor inserted. Additional access may be obtained by 
division of the costal cartilages in front or of the posterior end of the 
adjoining nbs behind. Inflation of the lung is maintained by positive 
pressure anaesthesia, and retraction of the left lower lobe exposes the 
area. Any obvious abnormality, such as adhesions causing local 
distortion or hypertrophy of the diaphragmatic sling, is dealt with ; 
otherwise Hellers operation, cardioplasty or cesophago-gastrostomy 
must be undertaken. Crushing of the phrenic nerve is an essential 
preliminary in all three cases. 

Heller s Operation. 

Transpleural mule. Exposure of tesophagus as described. A small 
lappet of diaphragm immediately in front of the hiatus cMopbagi is 
seized with artery forceps, and the peritoneal cavity cautiously opened. 
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The forefinger is passed through this opening in the diaphragm up to 
the cardia and tlie overlying fibres are divided. Mobilisation of the 
cardio-ccsophageal junction is now possible, and a vertical incision some 
0 cms. long is made through the muscle coats, care being taken to 
avoid injury to the mucosa. This wound is not sutured. The incision 
in the diaphragm is closed so that the incised portion of oesophagus 
comes to lie beneath the diaphragm. The chest wound is closed in the 
usual way. 

The chief risk of this intervention is encountered during the mobilisa- 
tion of the oesophagus. Incautious manipulation in the presence of 
adhesions may result in a tear of the oesophageal wall. Such a tear may 
be so minute as to escape immediate notice but sufficient to determine 
a fatal mediastinitis in the course of a few days. 

Transpcritoncal route. The cardia is exposed by a mid-line incision 
and by blunt dissection of the hiatus oesophagi a sufficient length of 
oesophagus (about 0 cms. in all) is exposed to permit of incision as 
just described. The abdominal incision is closed in the usual way. 
As the mediastinal pleura may often be wounded during this inter- 
vention, positive pressure anaesthesia should be at hand. 

Cardioplasly. 

The cardia is exposed and a vertical incision made, as in Heller’s 
operation, but deep enough to include the mucosa. To prevent soiling, 
fine clamps are applied above and below the line of incision. The vertical 
incision is then repaired by transverse sutures as in the operation of 
pyloroplasty. 

(Esophago-gaslrostonvj. 

The cardia is exposed as in Heller’s operation, but a rather larger 
opening in the diaphragm is required and the oesophagus need not be 
mobilised behind as in that procedure. A suitable portion of the 
anterior surface of the fundus of the stomach is isolated by clamps 
and approximated to the anterior surface of the oesophagus 2-3 cms. 
above the cardia. Anastomosis is carried out as in gastro-enterostomy. 
A fold of stomach sutured over the line of anastomosis gives increased 
security. The wounds in the diaphragm and chest wall are closed in 
the usual way. 

The operation may be done in two stages and the anastomosis 
completed in the second stage. The adhesions whicli form at the 
first operation, while increasing the immediate difficulty of the second 
stage, tend to limit any infection which may result from opening into 
the cesophageal lumen. 
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(Esophago plasty. 

Bircher in 1894 was perhaps the first to attempt a planned 
cesopliagoplasty. His method was based on the von Hacker operation 
for substitution of the cervical oesophagus. A long tube was fashioned 
from the skin of the anterior chest wall and this tube anastomosed to 
the stomach. The passage was patent and conducted fluids into the 
stomach, but the patient died from a pulmonary embolus before the 
final stage — union of the skin tube with the cervical oesophagus — 
could be carried out. Following this, Wullstein proposed that an iso- 
lated loop of jejunum should be employed and that the lower end of this 
loop should be joined to the small intestine and not to the stomach. 
Three years later Roux modified and improved the technique, and the 
first completed case was done by Herzen some years later. In his case 
a portion of jejunum was isolated and, after continuity of the small 
intestine had been restored, this segment was brought out of the 
abdomen and transplanted beneath the skin of the anterior thoracic wall. 
A junction was then effected with the cervical oesophagus above and the 
stomach below, von Hacker and others published accounts of similar 
operations in which a portion of large gut was used in place of jejunum. 
Roith carried out an operation of this type in one stage and the patient 
was able to swallow normally after a period of three weeks. Lexer 
introduced a further modification in which, in place of a direct anasto- 
mosis between tbe cervical oesophagus and the intestine, a skin tube 
was fashioned to bridge the gap and so avoid any undue tension on 
the mesentery. 

Attempts were also made to fashion a tube from the greater 
curvature of the stomach, but without success. Dengel has recently 
published a case in which the tube was famished by the lesser curvature 
and his patient was healed. 

Although the literature contains more than a hundred accounts 
of the operation of ante-thoracic cesopliagoplasty, the number of 
encouraging results is small. Fistula- are apt to form at the sites of 
anastomosis, and too often the patient must suffer a series of plastic 
operations in order to be maintained in even passable comfort. A very 
brilliant operative success has recently been recorded by Sampson. 

The possibility of utilising the stomach itself to replace an 
obliterated passage was early explored by Enderlen, Brun and Hen- 
schen. The stomach was divided at the pylorus and the pyloric end 
turned upwards in such a way as to effect union with the cervical 
msophagus, while a second anastomosis between the cardiac end of the 
stomach and jejunum restored continuity 0 f the alimentary canal. 
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More recently Kirschncr lias developed this principle further, with the 
important difference that in his operation the stomach is cut across 
at the cardia and the organ is then dislocated, so that the cardiac end 
of the stomach comes to the level of the collar bone. The only vascular 
supply remaining to the stomach is from the vessels at the pyloric end — 
the right gastric and right gastro-cpiploic arteries. Brun had early 
affirmed on the ground of anatomical research tliat such displacement of 
the stomach should be possible, and Miller and Andrus on experimental 
grounds that adequate mobilisation is possible even if the left gastro- 
epiploic artery be spared. Kirschncr lias carried out this operation 
twice for simple stricture ; one patient recovered, and one died four- 
teen days later from a phlegmonous inflammation of the thoracic 
oesophagus which was not connected with the operation site. Kirscli- 
ner’s operation is an important technical advance ; its main dis- 
advantage is the difficulty of dealing with the lower end of the severed 
oesophagus. Anastomosis to the jejunum is a laborious procedure, yet 
it is essential that drainage of the lower oesophagus should be obtained. 

(Esophago-jcjuno'fjasiroslomy (figs. 2782, 2783 and 27 SI). 

The question of a preliminary gastrostomy must be decided in each 
case. A gastrostomy may hinder subsequent operative manoeuvres, 
but no plastic operation is likely to succeed in a starving patient. 

Stage 1. Under general narcosis the abdomen is opened through a 
median incision commencing at the xiphoid process. A suitable loop 
of jejunum, some 30 ems. from the plica duodeno-jejunalis, is selected 
and the suitability of its mesentery for the proposed dislocation 
assessed. To form the skin tunnel a transverse incision, 10 cms. in 
length, is made through skin and subcutaneous tissue at right angles 
to the upper end of the abdominal wound, and a second incision parallel 
to this at the level of the jugular notch. By means of blunt dissection, 
communication is established between these two incisions and the 
resultant tunnel is packed with a strip of gauze. A loop of jejunum, 
25-30 cms. in length, is now excluded and continuity restored by 
end-to-end anastomosis. Mobility of the mesentery may be increased 
by a few cautious incisions, care being taken to spare the blood-vessels. 
The loop is now displaced into the upper abdomen through a slit in the 
transverse mesocolon and the gastro-colic omentum. An anastomosis 
between the lower end of the loop and the cardiac end of the stomach 
is carried out in the usual way. A long silk ligature is passed from the 
jugular end of the tunnel and fastened to the oral end of the loop, 
which is then drawn up through the tunnel and fixed with a few sutures 
at its upper end. The abdominal wound is now closed in layers, due 
vol. m. — 3 c 
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care being taken to avoid strangulation of the mesentery of the dis- 
located loop. The final step is to provide the tunnel with some tension 
incisions. These should be vertical, 2 cms. in length, and placed at 
intervals along both sides of the tunnel. 

Stage 2. An interval of some weeks is needed to complete con- 
valescence from Stage 1. The union between the cervical oesophagus 
and the dislocated loop may be effected under local anaesthesia. 
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With the head in fullest extension, an incision is made along the 
anterior border of tiie left sterno-mastoid muscle, and the attachment 
of this muscle to the clavicle is divided. The muscle is retracted out- 
wards, the trachea and thyroid gland inwards, and the oesophagus is 
exposed in some 10 cms. of its extent, as far down into the thorax as 
is possible. Clamps are applied and the cesophagus is cut across. The 
aboral end is ligated, invaginated by two layers of sutures, and dropped 
back into the wound. 3f there is any doubt as to the adequate closure 
of the stump, a gauze pack must be left in position till the following 
day. The head is flexed so as to approximate the oral end of the 
severed oesophagus to the upper end of the dislocated loop. An end-to- 
end anastomosis is now carried out, with a preliminary freshening of 
the edges of the intestine. The wound is closed, a drain left in position, 
and plastcr-of-Paris bandages applied so as to maintain full flexion of 
the head. 

(Esophago-dcnnato-jcjuno-gastrostomy. 

Stage 1. Mid-line incision followed by isolation and displacement 
of the jejunal loop as in cesophago-jejuno-gastrostomy. Implantation of 
the oral end of the loop into the anterior wall of the stomach, and closure 
of the aboral end. The closed end of the jejunal loop is withdrawn from 
the upper angle of the wound, embedded in a subcutaneous tunnel 
made on the same principle as in the previous operation, and secured 
in place by one or two sutures. The abdominal wound is closed with 
the usual precautions as to the mesentery. 

Stage 2. Three weeks later the skin tube is prepared. Two vertical 
and parallel incisions beginning at the centre of the left clavicle and at 
the jugular notch are carried down to the level of the displaced jejunal 
loop. By dissection it is possible to roll the edges of the strip so out- 
lined round a long rubber tube and by suture to fashion a skin tube. 
The edges of the long wound left on each side may be undercut and 
brought together over the new canal. If tension is feared, the defect 
may be covered by Thiersch grafts. 

Stage 3. Anastomosis of the skin tube with the jejunal loop. 

Stage 4. Anastomosis of the skin tube with the cervical cesophagus. 

(Esophagoplasty — KirscJiner’s Method (see fig. 2785). 

The following is an abbreviation of Kirschner’s account of his 
operation : 

Stage 1 . The abdomen is opened by a long incision parallel with the 
left subcostal margin. The wound is widely retracted and, if need be, 
the 7th costal cartilage is divided. 
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Stage 2. Mobilisation of the stomach. The fundus and body of the 
stomach are carefully separated from their peritoneal connections. 
Li features are placed at a little distance from the edges of the stomach 
in order to preserve any local anastomosis. This step involves ligature 
of the left gastric and left gastro-epiploic arteries and of the vasa brevia. 
The stomach is cnt through 4 cms. below the cardia, drawn out of the 
abdominal wound and wrapped in a warm saline pack. 

Stage 3. CEsophago-jejunostomy. The jejunum is cut across some 
centimetres below the duodeno-jejunal flexure. The oral end of the 
jejunum is closed by suture and continuity restored by an end-to-end 
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anastomosis with the remaining jejunum 25 cms. below the point of 
section. The aboral end of the divided jejunum is brought up through 
the mesocolon and anastomosed to the stump of the cardiac end of the 
stomach by means of a Murphv button. 

Stage 4. Ante-thoracic subcutaneous dislocation of the stomach. 
The patient's body is flexed forwards. The stomach is brought up 
over the left subcostal margin until it reaches the left side of the neck, 
and the point which it reaches without undue tension is marked with 
a skill pencil. A transverse incision is now made at the marked site 
and a subcutaneous tunnel constructed with blunt scissors and forceps 
between this point and the abdominal wound. Into this tunnel the 
stomach is drawn up and secured by suture. 
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Stage 5. Closure of abdominal wound. Carried out in the usual way 
except that the stomach is secured by interrupted sutures to the 
parietal peritoneum at its exit. 

Stage 0. As soon as mobilisation of the stomach is determined upon, 
a second group of operators expose the cervical oesophagus, cut it 
across, and prepare to anastomose the oral end to the dislocated 
stomach once it is in position. This anastomosis is completed and the 
wound closed. 

Following the operation the patient must be maintained in the 
flexed position, and food per os is withheld for some days. Morphia 
and atropine in adequate dosage serve to hinder undue secretion from 
the transplanted intestine. 
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Section 2 


SURGERY OF THE DIAPHRAGM 


HISTORICAL 

The earliest detailed account of a diaphragmatic lesion is by Ambroisc 
Parc (1510-1390) who records the post-mortem findings in a man who 
died from a strangulated diaphragmatic hernia some months after his 
recovery from a severe sword wound of the chest. 

Petit (1674-1730) wrote of his dissections of congenital diaphrag- 
matic hernia, and in 1769 Morgagni's treatise on diaphragmatic hernia 
was published. There are other references to hernia in the literature of 
the eighteenth century, but it was the clinical material provided by the 
French wars which enabled Guthrie to make the first practical contribu- 
tions to the surgery of the diaphragm. Guthrie recognised that large 
incised wounds of the diaphragm did not heal, and he records the death 
from strangulation of a diaphragmatic hernia of a dragoon who, having 
suffered a penetrating sword wound of the chest at Waterloo, was seized 
with his fatal attack while grooming a horse. Guthrie proposed that 
such an accident should be treated by abdominal section, incision of 
the neck of the sac and reposition of the viscera, and in the succeeding 
century this was attempted on various occasions but without success. 
Paget in 1896 could find records of 300 cases of hernia ; in only seven 
had the diagnosis been made during life and there had been only two 
successful operations, both carried out by the transpleural route. 

The invention of radiology, the use of differential pressure 
anaesthesia, and the abundant clinical material provided by the Great 
War finally established the surgery of the diaphragm on a firm basis. 


ANATUJl* 

Arising fromthe margins of the thoracic outlet, the diaphragm forms a muscular 
septum between the thoracic and abdominal cavities. Of surgical importance are 
the apertures through which pass various structures such as the aorta, and also 
those intervals between tho three divisions of the organ— sternal, costal, and 
lumbar-in which a relative deficiency of muscular fibres allows pleura and peri- 
toneum to come into so close a relation that infective processes may readily pass 
from one sac to the other. , iT ,. , , 

The oesophageal hiatus is situated in the muscular part of the diaphragm at 
the level of the 10th dorsal vertebra. The aortic hiatus is at the level of the 1-th 
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dorsal vertebra and serves to transmit the aorta, azygos veins and thoracic duct. 
The caval orifice is in the central tendon at the level of the 8th dorsal vertebra. 
Each crus is perforated by the greater and lesser splanchnic nerves (figs. 278G and 
2787). 

The important superior relations of the diaphragm are the pleura on each side 
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aud tlio pericardium in the centre. Below on the right lies the liver together 
with the adrenal and upper pole of the right kidney, and on the left the stomach, 
spleen, left kidney arid adrenal. Peritoneum invests the greater part of this surface. 

Vascular Supply. 

The following arteries supply the diaphragm : superior phrenic, inferior 
phrenic, intercostal, musculophrenic and pericardiacophrenic. 

The phrenic arteries are direct branches of the aorta, the superior arising 
immediately above the hiatus and the inferior immediately below. Branches 
from the last five intercostal arteries enter the diaphragm to anastomose with 
branches of the other vessels described. The musculophrenic is the largest artery 
of supply ; it is one of the terminal branches of the internal mammary artery 
and it pursues a lateral course in relation to the costal origin of the muscle. The 
pericardiacophrenic artery reaches the diaphragm together with the phrenic nerve. 

Aerie Supply. 

The phrenic nerve arising from the 3rd, itli and ath cervical segments is 
responsible for the nerve supply of the diaphragm. Recent work (Jansen) does not 
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support the view that the intercostal nerves supply part of the costal origin or 
that the crus may receive some supply from the lumbar plexus. The importance 
of the accessory phrenic was first established by Felix and is now generally realised. 

The researches of Aoyagi, Felix and others have demonstrated the anatomical 
importance of the sympathetic component of the phrenic nerve, but the clinical 
significance of these fibres remains a subject for debate. At the same time, it 
Ecems probable that they play some part in the regulation of respiratory movement 
and are concerned in the phenomenon of singultus. The pleura and peritoneum 
which cover the centre and posterior portions of the diaphragm receive a sensory 
supply from the phrenic ; at the periphery the supply is from the lower five inter- 
costal nerves. Figure 2788 depicts atrophy of the diaphragm following phrenic 
evulsion. 

The Lymphatics of the Diaphragm. 

Kuttner has described the intricate lymphatic plexus of the diaphragm which 
is found on both surfaces under the serous coat. There are many connections 
betn een the subpleural plexus and that which lies under the peritoneum. Some of 
the efferent channels terminate directly in the thoracic duct, while others pass to 
the mediastinal glands. 
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applied physiology 

The function of the diaphragm may be considered under four headings : Its 
respiratory function, is of the greatest importance ; the diaphragm forms a com- 
plete barrier between the thoracic and abdominal cavities; normal diaphragmatic 
movement is essentia! for the proper regulation of the circulation ; and the 
diaphragm also plays a role in preserving normal gastro intestinal function. 

The diaphragm is a muscle of inspiration, and under normal circumstances 
its excursion is verv small — not more than half an inch. During exercise the range 
of its movements is increased, and it seems probable that athletes acquire excep- 
tional control of the muscle It is interesting to note that the most recent investi- 
gations of diaphragmatic function using the new radiological technique of fcymo- 
scopy (Weber) confirm the original view of Keith that aeration of the low er lobe 
of the lung is the special function of the diaphragm. The detailed mechanics of the 
muscle and its relation to abdominal pressure below and to pleural pressure above 
are still under investigation, and it cannot be claimed that sufficient finality has 
been reached to allow of clinical application of the principles involved. It is 
clear that diaphragmatic function is to be preserved if possible, and the modern 
tendency is to attribute many post-operative lung complications to diminution 
in its normal movement. 

A breach in continuity of the diaphragm, whether of congenital or acquired 
origin, permits the escape of the more mobile abdominal viscera into the chest, 
and the serious or even fatal complications which may attend thi3 event are dis- 
cussed in detail below. 

Wenckebach, Eppinger and others have stressed the importance of the 
muscle in maintaining, or rather encouraging, the flow of blood from the abdomen 
to the right heart. It has been established that the caval hiatus and the aortic 
opening remain equally patent at all stages of diaphragmatic movement. KIssen 
and Wustmann showed in some ingenious experiments that the passage of an 
artificial embolus above the inferior vena cava was delayed by paralysis of the 
diaphragm. 

The diaphragm is of importance in such acts as parturition when, with a 
closed glottis, it helps to increase the abdominal pressure. Eppinger suggests that 
it has an influence on the gall passages, ns well as on colonic peris taLb, bnt at 
pn=ent there seems scant experimental or clinical evidence to support this view. 

The diaphragm is normally in a state of tonus, which is said to be controlled 
by the sympathetic nerve supply. Ken Kure has given clinical and experimental 
grounds for this belief and, whatever may be the final result of his investigation, 
he has demonstrated that the diaphragm provides an excellent field for the com- 
parison of ctrebro-spinal and sympathetic nerve impulses. 

The diaphragm plays no active part in the act of coughing, and indeed in cer- 
tain diseases, such as basal bronchiectasis, induced paralysis of the diaphragm 
assists expectoration. 

The singular phenomenon of singultus is dne to clonic spasm of the diaphragm. 
The methanbm seems clear when there exbts an inflammatory focus in the 
mediastinum near the phrenic stem, and irritation of the terminal filaments of the 
nerve may account for singultus in the course of peritonitis affecting the upper 
abdomen. Singultus associated with disease of the urogenital system or 
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with infections such as influenza can only he explained by postulating some 
effect ou the respiratory centre itself. Singultus of central origin can be 
controlled by blocking the phrenic nerves in the neck. If the cause lies within the 
thorax or upper abdomen this measure is useless, and oral administration of cocaine 
and similar drugs must be employed. 

In tetanus the determining cause of death may be a tonic spasm of the 
diaphragm, which not only hinders normal respiration but renders attempts at 
artificial respiration futile. It was in such a case that Sauerbruch sectioned both 
phrenic nerves and so induced total paralysis of the diaphragm. Tho patient 
survived and eventually returned to a normal life at school. This case provided 
startling evidence of the natural power of compensation, and since this date total 
paralysis of tho diaphragm has been induced m cases of pulmonary tuberculosis 
(the writer recorded four such operations in 1931) and the elimination of one leaf 
of the diaphragm from active function has become a common therapeutic measure. 
At the same time evidence has recently accumulated to show that in later life 
paralysis of the diaphragm is a functional handicap and in a more recent paper 
(1935) the advantages of a temporary rather than a permanent therapeutic 
paralysis arc discussed. 

RADIOLOGICAL EXAMINATION 

Examination with the fluoroscope shows that the normal range 
of movement is only 1-2 cms., which on deep breathing increases to 
2-4. Only in the deepest inspiration does the central tendon partake in 
this movement. Paralysis of the diaphragm is indicated by a higher 
level and by absence of the normal excursion which is frequently 
replaced by paradoxical movement in which the affected leaf moves in 
a cranial direction during inspiration. 

During pregnane)’, and in the presence of an abdominal tumour or a 
subplircnic abscess, the diaphragm is displaced upwards. Conversely, 
pneumothorax, especially of the tension type, may cause downward 
displacement and flattening out of the normal curved outline. For the 
better appreciation of disease in the vicinity of the diaphragm, examina- 
tion should be made in at least two planes — frontal and lateral. 

CONGENITAL DEFECTS OP THE DIAPHRAGM 

Complete absence of the diaphragm has been recorded, and the 
literature contains other references to absence of a single leaf. There 
are other cases in which the serous coats of the diaphragm are normally 
developed but the muscle itself is absent, and under these circumstances 
the abdominal viscera are drawn up into the thorax, these serous coats 
forming the sac of a true complete diaphragmatic hernia. Congenital 
hernia may also result from defective fusion of the several elements 
which unite in embryonic life to form the diaphragm ; in front, the 
sternal and costal elements fuse at the level of the 7th rib, while behind, 
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at the level of the 12th rib. is the junction between the costal and lumbar 
origins. A case has been recorded in which defective development of 
the septum transversum left a communication between the abdominal 
cavity and the pericardium through the central tendon of the 
diaphragm. 

The condition known as eventratio diapliragmatica may be of con- 
genital origin if the normal development of the phrenic nerve is dis- 
turbed. The muscle layer is replaced by fatty and fibrous tissue and the 
affected leaf rises into the thorax, followed by some of the abdominal 
contents. In rare instances this process may be confined to a circum- 
scribed area, so that a localised invagination into the chest may result. 
The congenital form of eventratio is almost invariably on the left side. 

WOUNDS OF THE DIAPHRAGM 

Rupture of the diaphragm from indirect violence is more common 
on the left side because the liver serves to protect the right leaf from 
sudden stress. Rupture of the diaphragm occurs together with injury 
of the abdominal viscera in buffer accidents, and it may be associated 
with crushing injuries of the chest wall when the splintered ribs act as 
a direct traumatic agent. The condition has also been recorded after 
vomiting and child-birth when a diseased muscle has given way to the 
stress of a suddenly increased abdominal tension. 

The following case history (Sauerbruch) illustrates rupture of the 
diaphragm in the absence of an external wound : 

A dnver was struck in the upper abdomen by tbe shaft of a waggon. He was 
admitted to hospital m a moribund condition and at autopsy was found to have a 
gap in the central tendon of the diaphragm, through which part of the stomach 
had herniated. There was a bamatoma of the anterior abdominal wall, bnt the skin 
was intact 

AVounds of the diaphragm by direct violence are more frequent, 
being occasioned by gunshot or stab wounds. Almost invariably 
wounds of the thoracic or abdominal viscera are present. There is a 
series of 23 cases treated at the Sauerbruch Clinic, reported by 
Fick, and in only one instance was the lesion confined to the diaphragm ; 
in 10 cases, wounds of both thoracic and abdominal viscera were found. 
The immediate danger is hemorrhage from lung, liver or some other 
vise us ; only rarely is a large vessel of the diaphragm such as the peri- 
cardiacophrenic involved. A more remote danger is infection from 
perforation of some hollow organ such as the stomach or colon. Still 
more remote is the danger of gangrene of the prolapsed viscera 
(figs. 2789 and 2790). 
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The diagnosis of a wound of the diaphragm is not always easy. 
The appearance of omentum or some other abdominal organ in the chest 
wound is, of course, pathognomonic, and in other cases dyspnoea or pain 
referred to one or other shoulder may give assistance. In the case of 
rupture of the diaphragm without an external wound, the syndrome of 
tension pneumothorax is closely simulated. The sudden entrance 
of abdo mina l viscera into the chest causes dyspnoea and displacement 
of the heart, just as does the sudden entrance of air from a wounded 
lung or bronchus. The radiological appearances and an estimation of the 
intra-pleural pressure may enable a distinction to be made. The effects 
of shock and loss of blood commonly dominate the picture, and only 
after some restorative measures does a complete examination become 
possible. 

The lesions usually associated with rupture of the diaphragm 
demand surgical treatment. 

The lesion may be approached either through the abdomen or 
through the chest wall. An adequate exposure is essential, and to this 
end section of the costal cartilages after the manner of ilarwedel (see 
Vol. I, page 309) assists in the exposure of the diaphragm from below. 
A small wound in the diaphragm will heal provided interposition of 
omentum or viscera does not occur. In a severely injured patient, 
once the visceral damage has been repaired it is unjustifiable to prolong 
the intervention in order to restore continuity of the diaphragm, 
unless the opening is so large as to threaten immediate prolapse of 
abdominal viscera. The abdominal route is to be preferred if there i3 
evidence of perforation of stomach or intestine. Coincident injury of 
the lung would impel choice of the transpleural route, which has the 
same advantages as in operations for diaphragmatic hernia. Crushing 
o£ the phrenic nerve as it courses over the pericardium assists in sub- 
sequent manipulations. Organs such as the liver and spleen are readily 
accessible by enlarging the wound in the diaphragm (figs. 2791 and 
2792). 

The results of the surgical treatment of wounds of the diaphragm 
are naturally more favourable in the injuries suffered in civil life. The 
most remarkable series of war cases is reported by Gordou-Taylot. In 
all, 207 operations were carried out for combined abdomino-thoracic 
wounds with a 60 per cent recovery-rate. Gordon-Taylor’s personal 
series was 75 cases with an immediate mortality of 16 per cent ; he 
operated through the chest. 
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DIAPHRAGMATIC HERNIA 

A breach in continuity of the diaphragm is followed by an invasion 
of the thorax by abdominal viscera. Omentum, stomach and colon 
may enter the sac of such a hernia ; small intestine, spleen, or even 
pancreas may be found. The mere presence of these organs in such an 
abnormal site is quite compatible with life and may even fail to produce 
discomfort, but, as in other types of hernia, disaster follows constriction 
of the neck of the sac or the formation of adhesions between the various 
contents. A classification of diaphragmatic hernia (after Eppinger) 
is given in the accompanying table, bnt the essential division is 
between hernia of traumatic origin and hernia presenting in patients 
who have never suffered local injury : 

HERNIA DIAPHRAGMATIC A 

(1) Hernia Vera. 

Hernia diapliragmatica vera congenita 
Hernia diaphragmatica vera traumatica 
Hernia foraminalis : 

(а) parasternalis 

(б) foraminis Boclidalecki 

(c) para-oesophagea 

(d) foraminis nervi sympathetic 

(2) Hernia Spuria. 

Hernia diaphragmatica spuria congenita 
Hernia diaphragmatica spuria traumatica 

(3) Eventralio Diaphragmatica. 

(а) diffusa 

(б) circumscripta 

The site of the hernia of traumatic origin is obviously determined 
by the position of the original lesion and so obeys no special law. At 
the time of injury the pleural and peritoneal investing coats are usually 
involved, so that there is direct communication between abdomen and 
thorax. In some instances one serous coat, either pleura or peri- 
toneum, may escape injury and so provide a serous covering for the 
herniated viscera. 

The site of a hernia which arises in the absence of trauma is deter- 
mined by the condition of the foramina, especially the oesophageal 
hiatus, and by the degree of fusion between the several components of 
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the diaphragm during embryonic life. In certain cases it is clear that 
the hernia is of true congenital origin, but in others it may be that 
herniation through an area of congenital weakness occurs as the 
result of stress. Congenital diaphragmatic hernia is almost invariably 
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on the left side, and in one of the following regions : the oesophageal 
hiatus ; very rarely, the foramen which serves for the passage of the 
greater or lesser splanchnic nerve ; the interval between the lumbar 
and costal origins at the level of the 12th rib (foramen Bochdalccki) ; 
or the interval between the sternal and costal origins at the level of 
the 12th costal cartilage (foramen Morgagni). The aortic and caval 
foramina have never served as the site for a diaphragmatic hernia. ^ 
The clinical pictuie presented by the various types of diaphragmatic 
hernia depends on the important feature common to all — the presence 
of abdominal viscera in the chest. In many cases symptoms are few 
and only the accident of strangulation causes the patient to seek relief. 
Alternatively, a sense of discomfort in the chest, increased after food and 



accompanied by some degree of dyspnoea, leads to examination of the 
patient. Haanatemesis, melsena, cardiac distress, pain in the epigas- 
trium or pain referred to the left shoulder are amoug the symptoms 
described. A picture closely resembling that of peptic ulcer is often 
presented and such a lesion may actually occur in the displaced stomach 
or duodenum. It seems certain that vague symptoms may persist for 
years before their severity is such as to cause serious complaint. 

The diagnosis of diaphragmatic hernia is readied without undue 
difficulty, especially if adequate radiology is available. The entrance 
of abdominal viscera into the thoracic cavity produces displacement of 
the heart to the right ; gaseous distension of stomach or colon may 
enable characteristic signs to be elicited by percussion, and a scaphoid 
depression of the abdominal wall may also be present. In the event of 
incarceration or strangulation, the signs and symptoms of intestinal 
obstruction are added to the picture. 
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Hernia stcrnalis is remarkable in being the only type which is more 
common on the right side. Displacement of the heart to the left is a 
characteristic feature. The sac contains part of the stomach or a part 
of the transverse colon anti it is rare for serious symptoms to arise. 

Hernia foraminis Bochilalecki is one of the commonest types of 
congenital hernia which often proves fatal in early infancy. A sac 
is usually absent 

Hiatus hernia has assumed great clinical importance of recent 
years. Akerlund demonstrated in a large series of cases a peculiar 
invagination of part of the cardiac end of the stomach through the 
oesophageal hiatus. The invagination was only demonstrated when 
radiological examination was carried out after the ingestion of a radio- 
opaque meal with the patient in the Trendelenburg position. Patients 
in whom the syndrome could be detected were said to suffer from 
dysphagia as a cardinal symptom. Very shortly there appeared reports 
from other clinics of the association of cardio-vascular symptoms with 
hiatus hernia and the diagnosis came to be established in a surprisingly 
large series of cases. In 1932 Saucrbruch and Chaoul published a 
criticism of recent work on hiatus hernia in which they pointed out that 
the radiological appearances said to be characteristic of the condition 
could be demonstrated in normal individuals. They did not dispute the 
occasional occurrence of a true hiatus hernia, but they emphasised 
its rarity. A similar conclusion was reached by Schatzki, and Hurst 
has recorded in detail two cases in which the syndrome was associated 
irith discomfort and dysphagia and both were relieved by conservative 
measures. He regards hiatus hernia as a rare clinical entity. Key has 
pointed out that the condition assumes real importance when viscera 
other than portion of the stomach enter the sac ; he collected twenty- 
six examples from the literature and in six of these operation was carried 
out for strangulation. There is another very' remarkable case described 
by Dunliill in which the entire stomach had herniated through the 
cesophageal hiatus so that the pylorus lay above the diaphragm ; a 
successful radical operation was performed. 

The radiological appearances of a diaphragmatic hernia are seen in 
the illustrations (figs. 2797 and 2798). Confusion has arisen between 
hernia, subphrenic abscess, pyo-pneumothorax and transposition of 
viscera, but complete radiological investigation should eliminate such 
sources of error. The greatest confusion has arisen in the case of 
hiatus hernia which has to be distinguished from an epipkrenal diver- 
ticulum of the oesophagus and from thoracic stomach. 

Epiphrenal diverticulum is a rare lesion of the lower end of the 
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OTophagus which lies completely shove the diaphragm and is easily 
demonstrated hy means of a radio-opaque emulsion with the patie 

111 %omk^omaT'L a congenital ahnormality in which the 
ccsophagus terminates in the middle of the chest and the gma er 
part of the stomach lies above the diaphragm (fig. 27OT). Lven 
Lio diaphragmatica is clearly shown m its complete form 'n ts 
more rare” circumscribed form, only operation w,l demonstrate that 
Te Mains of a muscular layer enter into the composition of 

the sac. 

The Operative Treatment of Diaphragmatic Hernia. 

Fo tl e pu pose of diagnosis some division of the various ypes has 
been attcmpS hut from the point of view of operative relief thes 
distinctions are not so important. The hernia , mist hc exposed 
contents returned to their natural surroundings, and the 

r ° P Tte transpleural approach enables the operation .to he tarried out 
on these lines. The abdominal route may occasional^ be employed in 
approaching wounds of the diaphragm, hut in the case ° fhe t 
not to he recommended. A hernia of long standing ^nS 
to vital structures such as the heart or lung, . "j | P Kaluction of 

adhesions except under directvision is fraught • ? ’ , ome times only 

the contents of the sac, as in the case oft ***£ ^“ds clear 
possible after enlarging the hernial on ce a ' abdomen are 

exposure. Any adhesions between the v^crastdl mthea^ ^ ^ 

readily accessible through an mcision P P „ onimen J e d by some 
phragm. The abdominal approac 1 «a hemia It h a3 been 

authorities, especially m the case . in this manner, but 

found possible to effect repair of the opem 0 

excision of the sac presents greater di cu } • intervention. 

Strangulation forms an urgent “f Larcera- 

Increase of symptoms pointing to a mo g absence of marked 

tion would also constitute an indication, but m the ^ 

symptoms operation should be of a di hragina ti 0 hemia, so 

exhibit marked emaciation as the • ma of the stomach 

that the diagnosis of chronic peptic i ccr ° stoma ch and intestine, 
is considered. In these cases the mclns.on of 4 ^ ^ ^ 

often with the formation of secon ary a ' ; dee( j demand, 

turbance of normal ahmentary function as to justity, 
operative relief. 
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Technique of the Radical Operation. 

Transpleural Route (fig. 2800). Positive pressure anesthesia is 
employed, and the patient is placed on tlio sound side. The thorax is 
opened by an incision in the 8th or 0th interspace, and after inspection 
of the hernia access is facilitated by the resection of segments of the 
adjoining ribs and by adequate retraction. 

Separation of the sac from its surroundings is preceded by section 
or crushing of the phrenic stem just above its entrance into the dia- 
phragm. Next follows incision of the diaphragm in the vicinity of the 
hernial opening and, once access to the peritoneal cavity has been 


F>i 2800 —Lire t(uva?LEi.'a»i. 

EXTOStBK Of TUI OUFU&AOX. 

BrU. Journ. Bury ' ) 


gamed, reposition of the contained viscera is usually easy. In case of 
need the incision is extended into the hernial orifice until the neck of 
the sac is exposed. 

Repair of the defect is the next stage, and this may be attended 
with difficulty if the muscle has undergone fibrosis and atrophic 
changes. Suture of the liver or even of the stomach into the margin 
of the opening may be the only means of closure. Iu other instances, 
after partial suture of the defect a graft from the fascia lata must be 
employed. Paced with the problem of repairing an especially large 
breach in the muscle, its lateral portion may be mobilised by resection 
of the lower ribs as in the operation of thoracoplasty. In this way 
suture of the defect may be carried out without undue tension. Finally, 
after expansion of the lung the chest wall is closed in the usual way. 

Abdominal Route. The method of exposure of the cesophageal 
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hiatus is described oil page 5081. Retraction of the left lobe of the liver 
and division of the left suspensory ligament is essential. 

After reduction of the contents, the opening in the diaphragm is 
closed by interrupted sutures. 

Strangulated Diaphragmatic Hernia. The accident of strangulation 
is determined by the entry of intestine into the sac. Strangulation of 
the stomach alone lias not been recorded. The onset is usually sudden, 
and the symptoms of acute intestinal obstruction are displayed. 
Rarely, angulation of the junction between stomach and oesophagus 
may prevent vomiting. Frequently a displaced portion of colon is the 
actual site of obstruction, and it is also possible for strangulation of a 
loop of jejunum to produce the picture of high intestinal obstruction. 
Abdominal distension is present in all cases unless the greater portion 
of the gastrointestinal tract is contained in the thorax. 

Diagnosis is assisted by a previous history of local injury or of 
such symptoms as oppression after meals, singultus, prccordial or 
epigastric discomfort, pain in the left shoulder, and attacks of 
dyspnoea. 

Treatment is operative, although intervention in the presence of 
strangulation carries a high mortality. Approacii should be from 
above as in the deliberate operatiou for radical cure. The passage of a 
stomach tube is a useful preliminary to operation. Should the diag- 
nosis be established only after laparotomy has been carried out. 
recourse to the thoracic route is still to be recommended. Some sur- 
geons have found it possible to carry out a short-circuit operation to 
relieve the obstruction, reserving cure of the hernia till a later date. 
In desperate cases when radical operation cannot be attempted, the 
palliative measure of pbrenicectomy may be employed. 

Results of Operative Treatment. 

Although the necessity for intervention in any case of diaphragmatic 
henna manifesting symptoms requires no statistical justification, some 
recent figures arc of interest. Excluding hiatus hernia, Hedblom has 
reported on 22 operations, with 2 deaths and satisfactory results in the 
remaining cases. He found that there were recent records of 9 infants 
under 1 year who had undergone a radical intervention for diaphragmatic 
hernia — of these 3 died and amongst the survivors was 1 infant only 
40 hours old. Another survivor of 3 months required multiple rib 
lesection before the operation could be completed. Truesdale has also 
reported a series of successful cases of the transpleural route. Sauer- 
bruch, the main protagonist of the transpleural route, reported one 
series of 83 operations to the French Surgical Congress. There were 
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5 deaths and of these 3 were from operation undertaken for strangulation. 
Harrington has reported on 105 operations, of which 7 6 were undertaken 
for hiatus hernia. He advocates the abdominal route in all cases. 

EVEXTEATIO D IAP HEAGMATJCA 

The syndrome mar be of congenital origin or may result from 
invasion of the phrenic nerve by disease of the surrounding parts. 
Metastatic new growth in the mediastinum may be instanced. Even- 
tratio diaphragmatica also follows the operation of phrenic evulsion. 

In eventratio diaphragmatica there is paralysis together with 
muscular atrophy, so that the affected leaf rises up into the thorax 
and with it the underlying abdominal viscera. The condition is more 
common on the left side, and it is rare for any untoward symptoms to 
arLe. Incarceration of the viscera is not possible because there is 
nothing to correspond to the neck of a hernial sac. In rare instances 
symptoms of dysphagia have arisen, the result of au angulation of the 
resophagus which has been caused by the upward displacement of the 
stomach. In such cases a plication operation on the relaxed diaphragm 
may be carried out. 

The diagnosis is usually established by simple radiology. The 
affected leaf exhibits paradoxical movement, that is to say, expiration 
is attended by descent. Hitzenberger has recommended the application 
of pneumoperitoneum in doubtful cases, but this measure is not 
entirely free from risk. Eventratio of the acquired type may be local- 
ised. and thos a circumscribed invagination of the diaphramn may come 
about. In theory this condition might provoke symptoms, but its 
chief importance lies in the fact that more serious lesions, such as an 
resophageal diverticulum, may be stimulated. 

XEW GROWTHS OF THE DIAPHRAGM 

A primary neoplasm of the diaphragm is one of the rarest tumours. 
Kirschbaum has reported the autopsy findings in 2 cases of sarcoma who 
died with multiple metastases and he states that onlv 6 other cases have 
been described. 

Secondary tumours are more common, and as long ago as 1924 
Hesse, in reporting a personal case, could find records ol 17 other cases 
in which radical operation had been performed for a tumour of the 
chest wall invading the diaphragm. 

The diagnosis of tnmoors of the diaphragm can only be established 
by radiology, and there eiists only one account of radical operation for 
such a tumoox—a case reported by Sauerbruch. 
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Technique of Resection of the Diaphragm. 

Approach must be from above, by an intercostal incision which 
permits adequate exposure of the muscle and enables the stem of the 
phrenic nerve to be crushed or divided above its point of entrance into 
the diaphragm. This is a most important preliminary to resection. 

When the tumour involves chest wall and diaphragm, resection of 
the affected ribs together with the intercostal muscles is first carried 
out ; phrcnicectomy is the next step, and finally, using the resected 
portion of the tumour as a handle, an appropriate resection of the dia- 
phragm is performed. Care must be taken to avoid injury to the 
intestines or stomach, should these viscera be adherent to the tumour. 
The introduction of the finger into the peritoneal cavity through a 
small preliminary incision in the diaphragm is recommended. 

In most cases there is no difficulty in closing the wound in the 
diaphragm, but, should this difficulty arise, suture of the remaining 
portion of the muscle to the margin of the chest wound may serve to 
separate pleural and peritoneal cavities. A graft of fascia lata may also 
be of service, or the defect may be closed by suture of the upper 
surface of the liver into the gap. 
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Section 1 


INJURIES (EXCLUDING FRACTURE) AND DISEASES 
OF THE MANDIBLE 

DISEASES OF THE TEMPOllO- MANDIBULAIt JOINT 
The tcniporo-mandibuUr joint is a diarthrosis and lias two synovial cavities 
which arc separated by a firm interarticular disc of fibro-cartilagc. This disc is 
an. oval plate which is interposed between the articular cartilage of tho glenoid 
fossa of the temporal bone and that of the condyle of the mandible. It is thinnest 
posteriorly and thickest at the centre; this is sonicuhat at variance with 
anatomical teaching, but has been proved by surgeons who have had to remove 
this cartilage on many occasions. It is never perforated except by disease. The 
superior surface of the cartilage is concavo-convex from before backwards, in 
adaptation to the convexity of the eminent ia articularis and the concavity of the 
glenoid fossa. Its inferior surface is concave and fits upon the condyle of the lower 
jaw (sec fig. 2801). 

DISLOCATION OF THE MANDIBLE 

The tcmporo-mandibular joint is quite a stable structure and is 
well protected, so that dislocation is not common. Forward disloca- 
tion may result from muscular action, or from trauma as in the case of 
a blow received on the point of tlie chin when the mouth is open. It 
may follow the forcible extraction of one of the lower molar teeth or 
the use of an elevator in removing a stump from the posterior part of 
the alveolus. Dislocation may occur during a fit of laughing, gaping, 
or violent yawning, or when an attempt is made to take too large a 
bite. In other cases dislocation has resulted from the excessive use of a 
dental prop or a gag, or from forcing too large a body into the mouth 
during anaesthesia. 

The mechanism of the dislocation is quite simple — the condyle of 
the mandible slips over the eminentia articularis into the zygomatic 
fossa. The interarticular fibro-cartilage follows the condyle, as the 
external pterygoid muscle is attached to both. The dislocation is usually 
bilateral but may be unilateral, depending on the exciting cause 
(see fig. 2802). The mouth is held open and the interval between the teeth 
is about one inch. The lower jaw is fixed by the contraction of the 
muscles surrounding the joint, and it is this muscle spasm which causes 
the pain in this dislocation. Speech and deglutition are impaired, 
and saliva continuously dribbles over the lip. On examination a hollow 
can be palpated immediately in front of the tragus where the condyle 
is normally situated, and in front of this the condyle itself can be felt. 

3121 
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POST-GRADUATE SURGERY 
On pa ssing a finger into the mouth, the coronoid process can he found 
in an abnormal position just below' the zygoma. 

The treatment consists in reduction of the dislocation at the earliest 
possible moment. As a rule, reduction is quite easy, as all that is 
necessary is to depress the condyle of the jaw below the level of the 
eminentia articularis, when the contraction of the posterior fibres of 
the temporal muscles, the masseter, and the internal pterygoid muscles 
quickly pulls it back into the glenoid cavity. It is necessary for the 
surgeon to protect his thumbs with a towel, as during reduction the 
contraction of the powerful muscles of mastication may result in a 



severe injury when the upper and lower teeth come into contact. 
With the thumbs so protected the surgeon faces the patient, who is 
seated in a chair. Downward pressure is made by the thumbs on the 
lower molar teeth, until the condyle slips backwards over the eminentia 
articularis. It is rare for this reduction to fail, but should it do so, 
easy reduction can he obtained under a general anaesthetic. After 
reduction the jaw is kept at rest by the use of a four-tailed bandage 
which should be kept on for tea days to a fortnight. 

As a rule, dislocation at this joint does not weaken the articular 
and peri-articular structures, so that recurrent dislocations are rarely 
seen. However, exceptional cases do occur when the joint is quite 
lax owing to repeated dislocation having taken place, the patients 
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often having surprisingly little pain or discomfort and being able to 
reduce the luxation quite easily themselves. 

Unreduced dislocations may be seen occasionally owing to the fact 
that the condition has not been diagnosed. A false joint may form and, 
gradually, the patient manages to eat, swallow and talk, but the dis- 
location still remains very obvious. If the dislocation has been present 
for some months, reduction may be impossible owing to the fibrosis 
of some of the masticatory muscles. In such cases it is advisable to 
excise the condyle to allow of better movement of the jaw and to restore 
normal mastication. 

Dislocation of the jaw backwards is always associated with fracture 
of the tympanic plate and separation of the cartilage of the auricle, 


fij. 2802 .— Dislocation or ms u asdibls. 


while dislocation upwards results in a fracture of the middle fossa of 
the skull ; both these fracture-dislocations are uncommon and are 
usually fatal accidents. 

DISPLACEMENT OP THE MANDIBULAR CARTILAGE 
This is a rare accident and is probably due to the shape and attach- 
ments of this meniscus. The teinporo-mandibular joint is divided by 
the fibro-cartilagmous disc into two cavities, each provided with a dis- 
tinct synovial membrane. The circumference of the disc is adherent 
to the capsular ligament, and, anteriorly, affords partial insertion 
to the external pterygoid muscle. It is owing to the fact that there are 
two definite cavities in this joint that movements of two different 
kinds can take place. These movements are somewhat complex. 
Gliding movements, whereby the interarticular disc and the condyle 
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move together as one on the temporal bone, take place in the upper 
synovial cavity. Further, a rotation between the disc and the condyle 
occurs in the lower synovial cavity. Probably these two movements 
rarely take place independently of one another. 

The somewhat frequent displacement of the medial meniscus of the 
knee joint is due to the fact that the cartilage is placed at the peri- 
phery of a very shallow concavity, and also to the fact that the internal 
lateral ligament of the knee joint is adherent to it. The latter fact is 
important since, whenever this ligament is put on the stretch, it tends 
to pull the meniscus beyond the limits of the joint. Displacement of 
the internal meniscus of the knee joint is the result of some sudden 
movement of the joint; similarly, displacement of the mandibular 
meniscus is due to some sudden or irregular contraction of the external 
pterygoid muscle. Unlike the medial meniscus of the knee joint, 
which may be torn or ruptured, the mandibular cartilage always remains 
intact. Displacement of the cartilage may be caused by a violent 
cough, sneeze or yawn, the external pterygoid muscle contracting 
dining the rapid closing of the mouth and drawing the cartilaginous 
disc obliquely forwards and inwards. Occasionally, displacement may 
result from a blow on the jaw when the mouth is open, the trauma not 
being of sufficient force to cause dislocation of the condyle over the 
eminentia articularis of the temporal bone. Again, displacement 
occurred in one of my patients as the result of extraction of one of the 
lower molar teeth. 

The posterior tliimied-out part of the meniscus becomes detached 
from the capsule, and this permits it to be drawn forwards and inwards 
by tbe external pterygoid muscle, and as the mouth closes by elevation 
of the jaw, the disc of cartilage becomes severely crushed between the 
condyle and the temporal bone (fig. 2803). 

The symptoms caused by such a displacement are very character- 
istic. The patient experiences sudden acute pain in the joint which 
may be referred to the pinna or the skin above the pinna. This referred 
pain is due to the fact that the auriculo-temporal nerve not only sup- 
plies the joint, but also gives off sensory branches which supply the 
upper part of the pinna and the sldn above it. All attempts to close 
the mouth are painful and the patient will sometimes volunteer the 
remark : “ There is something sticking in front of my jaw which prevents 
me from shutting my mouth.” Excessive salivation is often a marked 
feature, but in old-standing cases or in those in which the meniscus is 
very mobile owing to repeated displacement, it is often so slight as 
not to cause the patient any annoyance. Mastication is attended with 



MANDIBLE 5125 

considerable difficulty, as even slight chewing causes acute pain, This, 
however, becomes less marked in a day or so, probably due to the fact 
that a definite synovitis is set up when the primary displacement takes 
place. This synovitis causes the capsule of the joint to become very 
tense, and this in itself will account for the pain felt when movement 
occurs in the joint. When the synovitis becomes chronic, the pain 
is much less marked and greater mobility of the meniscus is 
possible. Quite often, the patient suffers from continually recurring 
displacement which cannot he regarded as acutely painful but is very 



distressing, since the meniscus slips in and out of position and causes a 
definite audible snap. In a few cases 1 have seen, this snap lias been a 
source of great annoyance to the patient, especially at mea times, 
making him afraid to eat in public for fear of attracting attention. 

As regards treatment, reduction is much more likely to succee an 
be permanent if it is performed on the occasion when the meniscus is 
first displaced. In old-standing cases the effect of the reduction is 
temporary only. The best method of reduction is to maintain con- 
tinual pressure behind the condyle of the jaw while the mouth is open 
By this means the convex upper part of the condyle wi e lnsinua e 
into the concave lower surface of the meniscus. After a ew minu es o 
this continued pressure the mouth is closed by slowly e evating le jaw. 
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Sometimes the meniscus slips back with an audible click, while in 
others nothing is noticed at all, but the patient states that the obstruc- 
tion in the joint has disappeared. Several attempts are often necessary 
before reduction is complete. 

In cases where displacement is more or less continuous, the same 
changes take place in this joint as occur in the larger joints, c.g. the 
knee, when there is recurrent displacement of the medial meniscus. 
The peri-articular tissues, capsule, ligaments and muscles become 
repeatedly stretched and eventually relaxed ; this allows the meniscus 
to be displaced whenever the mouth is widely opened. In these 
chronic cases no treatment, with the exception of excision, is of 
any avail. Fortunately, most of these patients are quite content to 
put up with the slight pain and the inconvenience caused by the 
repeated “ snapping ” of the meniscus. Occasionally, however, one 
meets with a patient who implores the surgeon to give relief from the 
chronic pain and the continual “ snapping ” which is described os 
unbearable. One of my patients was actually contemplating suicide 
unless relief from the noise could be obtained. She explained that she 
was forced to take her meals by herself as her husband objected to 
“ the noise she made when she was eating.” 

The following case gives a good clinical description of the condition, 
and of the type of operation advised : 

Mrs. X, aged 31 , came under observation in 1 922, complaining of pain and a loud 
clicking noise in the right temporo-mandibular joint. The pain was first noticed 
two years previously ; it came on suddenly after a violent fit of coughing, and 
for a week at least the patient was unable to close her mouth properly. As the pain 
became less marked she felt as if some foreign body was in the joint, and whenever 
she opened her mouth at all widely she heard a definite click. The click was then 
noticed at meal times and became more audible, not only to the patient but also 
to her husband. A\ hen she came up to hospital she was in a very depressed con- 
dition, had lost two stone in weight during the previous year, and. begged for 
relief from the constant clicking noise which she said was driving her mad. Local 
treatment, in the form of diathermy to the side of the face over the joint, a as 
given for tea days, but without relief. 

Operation was performed in June 1922, and the joint was explored through 
a T-shaped incision The capsule was opened and the cartilage was found to he 
extremely loose and attached in front only, having no connection whatever behind. 
The cartilage could be moved in any direction, even when the jaw "was depressed 
as far as possible. Notwithstanding the two years’ history, there was no sign of 
osteo-arthritis in the joint. The cartilage was drawn out of the joint and, its 
anterior attachment to the capsule and external pterygoid muscle having been 
severed, it was removed. The opening in the capsule was closed by three inter- 
rupted catgut sutures. The skin was approximated by three silkworm-gut sutures. 

For the first 12 hours after the operation the mouth was kept closed by means 
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of a four-tailed bandage. After this an elastic strap was applied which allowed 
the mouth to be opened slightly. At the end of a week when the stitches were 
removed a small collodion dressing was applied and no bandage. The patient 
had no pain after the operation, even during mastication, and she was discharged 
in nine days. When seen again three months later, she was very pleased with 
her condition. She had experienced no pain whatsoever. The scar was only very 
slightly visible, and w as easily covered by her hair. Movement of the jaw w as normal. 

SYNOVITIS AND ARTHRITIS OK THE TEMPORO-MANDIBULAR JOINT 

Acute Synovitis. This is uncommon, but may be seen during an 
attack of acute rheumatism. There is some swelling of the articular 
and peri-articular structures, due to synovial effusion. Movements of 
the joint are painful and the patient is often afraid to speak or open 
the mouth. In most cases complete resolution takes place, hut some- 
times intra-articular adhesions form which eventually lead to impair- 
ment of movement. 

Serum synovitis occasionally occurs in this joint, but leaves no 
aftermath. 

Chronic Synovitis. This is a rare condition, but may be seen in 
cases of recurrent subluxation of the joint. 

Acute Arthritis of the joint may be pyannic in origin when it is a 
sequela of one of the exanthemata, or it may be secondary to gonorrhoea, 
acute parotitis, or acute otitis media. Post-scarlatinal otitis media is 
quite likely to be the cause of direct extension of inflammation through 
the tympanic pfatc into the joint, fn children it may be difficult to 
diagnose the condition when an acute otitis is present, and an abscess 
formation, which rapidly points and bursts externally, may be the first 
indication that the joint is infected. It is important that such an abscess 
should be incised and drained as soon as it is diagnosed. Acute 
arthritis is invariably followed by ankylosis, which requires excision of 
the condyle at a later date when all signs of inflammation have subsided. 

Chronic Arthritis. Osteo-arthritis is by no means rare in this joint, 
although it is quite often overlooked as a cause of pain in the joint. 
With modern methods of radiology the condition can be seen quite 
easily in a skiagram ; it may be symmetrical, and is characterised 
by considerable enlargement of the condyle of the jaw which causes 
it to bulge laterally so that it can be felt in front of the tragus 
of the ear. Movements of the joint are painful and limited, and 
crepitus can nearly always be elicited. If the condition is bilateral, 
the lower jaw appears to be pushed forward, rendering the chin 
quite prominent; if, however, it is unilateral, the jaw becomes 
deflected to the sound side. Loose bodies may form in some cases and 
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may cause “ locking ” of tlie joint, while in others there is extensive 
lipping of the periphery of the condylar cartilage, proliferation of the 
synovial villi, and “ lipoma arborescens ” may be in evidence. As the 
disease progresses the interarticular cartilage may disappear com- 
pletely, and the glenoid cavity, as it enlarges, may assume a flattened 
outline so that there may even be a partial dislocation. If pain and 
limitation of movement are complained of, the only satisfactory treat- 
ment is excision of the condyle, as all other forms of treatment are use- 
less and a waste of time. 

The operation of excision of the condyle of the jaw is carried out 
through a curvilinear incision, commencing over the middle of the 
zygoma, and passing downwards in front of the tragus. In this opera- 
tion the surgeon is working in a somewhat cramped space with the 
zygoma above, the facial nerve below, the parotid gland in front, and 
tlie external ear behind. After the skin and subcutaneous tissues have 
been incised, the small flap is turned upwards. A transverse incision is 
now made at the posterior end of the zygoma, opening up the capsule of 
the joint and the synovial membrane. The neck of the mandible is 
exposed, and a fine Gigli saw is passed round this with a small aneurysm 
needle. The neck of the bone is cut through with this saw and the 
condyle removed. Sometimes the neck of bone may be divided with a 
small pair of cutting pliers. Any bleeding from the cut surface of the 
bone can be controlled by the firm application of some bone wax to the 
raw area. A small piece of celluloid can be placed over the cut surface 
of the bone and retained with a stitch. This prevents any chance of 
ankylosis of the joint. A piece of fascia may perform the same purpose, 
while some surgeons advocate the use of a portion of the tunica 
vaginalis testis. The wound is closed with two or three interrupted 
sutures, no drainage being employed. The patient is encouraged to 
move the joint at an early date. The results of such an operation as 
this are really gratifying, and patients are quite pleased. 

Tuberculous Arthritis. It is often difficult to be certain whether 
tuberculous disease in this joint has arisen in the bone or in the synovial 
membrane. The affection itself is rare and is only seen when the 
disease is fairly well advanced. It runs the usual course of any tuber- 
culous joint affection and ends in caries of the condyle. Secondary 
infection may occur, leading to ankylosis. The condition is very 
chronic and lias been mistaken for osteo-artkritis on more than one 
occasion, the true diagnosis only being made when excision of the 
condyle was performed and the bone subjected to microscopical 
examination. Excision of the condyle and thorough cleansing of the 
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cavity of the joint, followed by the application of B.I.P.P., is the 
treatment for this condition. 

Neuropathic arthritis of this joint is a very rare entity : a hyper- 
trophic Charcot's arthritis has been reported in the literature. 

FIXITY OF THE JAW (TIUSMUS) 

Immobility or closure of the jaw may be the result of a great 
variety of conditions. The following are the most important : 

(1) Fibrous or osseous ankylosis may result from any acute 
suppurative condition. 

(2) Old-standing dislocations, where a false joint has formed in 
front of the glenoid cavity ; in chronic cases of osteo-arthritis where 
the amount of osteo-arthritic outgrowth is excessive ; in cases of 
fracture of the neck of the mandible with excessive callus formation ; 
and rarely in cases of cyst, or tumour formation in the head or neck 
of the mandible. 

(3) Cicatricial contraction of the surrounding soft structures, as 
from burns and scalds, lupus, cancrum oris, and scars resulting from 
operations or the application of radium in the pterygoid region. Gum- 
matous infiltration of the masseter muscle leading to fibrosis occasion- 
ally occurs as a result of syphilis. Very rarely, myositis ossificans has 
been the cause. 

(4) Spasm of the muscles of the jaw due to reflex irritation or 
impacted third molar tooth. Occasionally, the spasms may he hysterical 
in nature, and are one of the early signs of tetanus. 

(5) The pain and swelling of local inflammatory conditions often 
render opening of the mouth impossible ; among the commoner of these 
may be mentioned mumps, parotid abscess, lymphadenitis, acute 
tonsillitis, and acute alveolar periostitis. Any malignant growth of the 
face or cheek may seriously impair the mobility of the jaw. Likewise 
extensive actinomycosis of the skin covering the jaw, and acute 
necrosis of the mandible with sinus formation may lead to extensive 
fibrosis which will eventually cause fixity of the jaw. 

The treatment of the different varieties of fixation of this joint will 
of necessity vary according to the causative conditions. 

Fibrous ankylosis can be dealt with by excision of the condyle of 
the jaw already described. 

Bony ankylosis (see fig. 2804) often presents a difficult problem owing 
to the fact that the surgeon is working in a limited space, and any 
attempt to remove the neck or head of the condyle by means of a chisel 
or osteotome may result in a fracture into the middle ear or injury to 
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the facial nerve (fig. 2805). A fine pair of nibbling forceps may be 
used, and the bone in the region of the neck of the mandible be carefully 
removed, piece by piece, until the bone is completely divided. It is 
important to remove a considerable portion of bone so as to leave quite 
2 ~inc\\ between the two surfaces. A piece of fascia lata, celluloid, or 
muscle graft should be inserted between the bony surfaces so as to 
ensure a false joint and prevent any bony union (fig. 2800). It is often 
possible to turn in a flap of the temporal muscle without extending the 
incision and without interfering in any way with the action of the 
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muscle itself (fig. 2807). In bilateral cases, after the stitches are removed, 
it may be necessary to move the jaw repeatedly under gas anaesthesia 
to ensure free movement. The end-results in these cases depend to a 
large extent on the patients themselves ; the perseverin'* ones get 
excellent results, while the nervous patients who will not try to move 
their jaws often complain that the operation has been a failure and that 
they are little benefited by the surgical intervention. The surgeon 
should try to assess every patient before undertaking the operation, 
when he will be able to gauge the probable reaction in each case. Some 
patients should never be operated upon, as failure is assured by their 
behaviour prior to operation. 

The most difficult cases to relieve or cure are those in which there is 
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much cicatricial contraction round about the joint. Division or excision 
of the adhesions is useless, as, during healing, fresh adhesions form and 
the condition is unrelieved. In these cases, therefore, Esmarch's 
ojteration often gives good results. This operation consists in the 



removal of a wedge of bone, with its apex towards the alveolar border, 
from the neighbourhood of the angle of the mandible (see fig. 2808). A 
portion of the detached mosseter muscle is turned in between the two 
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bony surfaces so that an artificial joint is formed. The incision should 
be made below and behind the angle of the jaw ; this gives good 
exposure and allows the muscles to be separated from the outer and 
inner surfaces of the mandible. The bone can most conveniently be 
divided by the use of a Gigli saw. An alternative method is to remove 
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the vertical ramus of the jaw down to the level of the alveolus, hut this 

method does not give so satisfactory a result as Esmarch’s operation. 


TUT? MANDIBLE 

The mandible may be considered as a mixed bone because it is fonned chiefly 
from membrane, but also fromxartilage. It is ossified in connection vdth Meckel’s 
cartilage and its fibrous investment. Each half of the bone has one centre which 
appeals about the sixth week of intra-uterine life, being only preceded by the 



primary centres of the clavicle. At birth the mandible consists of two hahes, 
connected at the symphysis menti by fibrous tissue. The rami are short, so that 
each condyle is nearly on a level with the upper border of the symphysis (fig. 2S09). 
In the course of the first year, osseous union takes place. As adult life is reached, 
the body of the mandible increases in depth, the rami lengthen and the angle 
decreases, while the mental foramen gradually assumes a position midway between 
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the superior and inferior borders. In old age, if the bone becomes edentulous, 
the whole of the al\ eolar border undergoes absorption, causing the body to become 
shallower. The rami drop backwards and each angle becomes increased to about 
140 degrees. The mental foramen lies near or on the superior border, and the 
mental nerve may be irritated by the pressure of a denture. 


INFECTIONS OP THE MANDIBLE 

Sepfic infections of the mandible are quite common, and it is 
cunous that they are not more common considering the very septic 
state in which the mouth is often found to be. 

Osteomyelitis of the Mandible. Two distinct varieties may be recognised : 

(1) Extensive acute involvement which simulates acute osteo- 
myelitis of the long bones. 
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(2) Localised necrosis, due to local infection. 

The acute form is very severe and is often fatal, but is fortunately 
rarely seen. The infection may be blood-borne or it may reach the 
bone from an adjacent infection in the teeth. .Vs the lower jaw obtains 
its blood supply internally from the inferior dental artery, and extern- 
ally from vessels supplying the periosteum, it can be imagined that 
various forms of the disease exist according to the source of the infec- 
tion. The whole of the narrow cavity is supplied by the inferior dental 
artery which is enclosed in a dense canal, and if this artery is occluded 
by septic thrombosis there is destruction of a large part of the lower 
jaw. As a rule, the whole of the alveolar process, carrying with it the 
teeth, may necrose and become separated. Sometimes, a week or so 
after one side of the jaw becomes infected, the other side follows suit. 
There is a general constitutional reaction with high temperature, and 
at times rigors ; the disease, if not fatal, follows the course of osteo- 
myelitis of the long bones (see also Vol. II, page 3398). 

In those cases where the disease is caused by extension of infection 
from the mouth, either from an infected tooth or from an injury, there 
may be a much more severe reaction owing to the fact that the infection 
is not due solely to the staphylococcus pyogenes aureus, but to a mixed 
infection in which a variety of organisms take part. In such cases 
extensive suppuration of the soft tissues of the neck may supervene, 
and there may be extension down the fascial planes of the neck into the 
mediastinum, resulting in a fatal mediastiuitis. 

With regard to treatment , this should be conservative on the whole. 
It may be necessary to incise the periosteum and drill the hone. Owing 
to the density of the osseous tissue of the lower jaw, it takes a long while 
for the necrotic bone to become extruded, much longer indeed than in 
the long bones. It may take several months, or even years, before all 
the sequestra finally become separated. The sequestra can be readily 
demonstrated by the use of X-rays, and, in removal, the surgeon should 
he careful not to fracture the jaw, as this can quite easily be done 
owing to the weakness of the surrounding involuerum. 

Local Necrosis. This condition is quite common and is usually the 
result of infection from the teeth. The third molars appear to be the 
chief offenders, no doubt because they are most commonly misplaced 
and unerupted (see page 5180). Trismus is often a sign which requires 
to be fully interpreted, and here a skiagram will often clinch the 
diagnosis. The treatment should be carried out essentially by a 
dental surgeon. 

Infections of the lower jaw occasionally follow the use of certain 
vol. in. — 3 d* 
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the vertical ramus of the jaw dowu to the level of the alveolus, but this 

method does not give so satisfactory a result as Esmarch’s operation. 


TIIE MANDIBLE 

The mandible may be considered as a mixed bone because it is formed chiefly 
from membrane, but also from-cartilagc. It is ossiflri in connection with Meckel’s 
cartdage and its fibrous investment. Each half of the bone has one centre which 
appears about the sixth week of intra-uterine life, being only preceded by the 



primary centres of the clavicle. At birth the mandible consists of two halves, 
connected at the symphysis menti by fibrous tissue. The rami are short, so that 
each condyle is nearly on a level with the upper border of the symphysis (fig. 2809). 
In the course of the first year, osseous union takes place. As adult life is reached, 
the body of the mandible increases in depth, the rami lengthen and the angle 
decreases, while the mental foramen gradually assumes a position midway between 
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the superior and inferior borders. In old age, if the bone becomes edentulous, 
tlie whole of the alveolar border undergoes absorption, causing the body to become 
shallower. The rami drop backwards and each angle becomes increased to about 
140 degrees. The mental foramen lies near or on the superior border, and the 
mental nerve may be irritated by the pressure of a denture. 


INFECTIONS OF TUB MANDIBLE 

Septic infections of the mandible are quite common, and it is 
curious that they are not more common considering the very septic 
state in which the mouth is often found to be. 

Osteomyelitis of the Mandible. Two distinct varieties may be recognised : 

(1) Extensive acute involvement which simulates acute osteo- 
myelitis of the long bones. 
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(2) Localised necrosis, due to local infection. 

The acute form is very severe and is often fatal, but is fortunately 
rarely seen. The infection may be blood-borne or it may reach the 
bone from an adjacent infection in the teeth. As the lower jaw obtains 
its blood supply internally from the inferior dental artery, and extern- 
ally from vessels supplying the periosteum, it can be imagined that 
various forms of the disease exist according to the source of the infec- 
tion. The whole of the narrow cavity is supplied by the inferior dental 
artery which is enclosed in a dense canal, and if this artery is occluded 
by septic thrombosis there is destruction of a large part of the lower 
jaw. As a rule, the whole of the alveolar process, carrying with it the 
teeth, may necrose and become separated. Sometimes, a week or so 
after one side of the jaw becomes infected, the other side follows suit. 
There is a general constitutional reaction with high temperature, and 
at times rigors ; the disease, if not fatal, follows the course of osteo- 
myelitis of the long bones (see also Vol. II, page 3308). 

Ill those cases where the disease is caused by extension of infection 
from the mouth, cither from an infected tooth or from an injury, there 
may be a much more severe reaction owing to the fact that the infection 
is not duo solely to the staphylococcus pyogenes aureus, but to a mixed 
infection in which a variety of organisms take part. In such cases 
extensive suppuration of the soft tissues of the neck may supervene, 
and there may be extension down the fascial planes of the neck into the 
mediastinum, resulting in a fatal mediastinitis. 

With regard to treatment, this should be conservative on the whole. 
It may be necessary to incise the periosteum and drill the bone. Owing 
to the density of the osseous tissue of the lower jaw, it takes a long while 
for the necrotic bone to become extruded, much longer indeed than in 
the long bones. It may take several months, or even years, before all 
the sequestra finally become separated. The sequestra can be readily 
demonstrated by the use of X-rays, and, in removal, the surgeon should 
be careful not to fracture the jaw, as this can quite easily be done 
owing to the weakness of the surrounding involucrum. 

Local Necrosis. This condition is quite common and is usually the 
result of infection from the teeth. The third molars appear to be the 
chief offenders, no doubt because they are most commonly misplaced 
and unerupted (see page 5180). Trismus is often a sign which requires 
to be fully interpreted, and here a skiagram will often clinch the 
diagnosis. The treatment should be carried out essentially by a 
dental surgeon. 

Infections of the lower jaw occasionally follow the use of certain 

VOL. UJ. — 3d* 
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drugs, especially if there is some oral sepsis preseat at the same time. 
The dru^s which may cause necrosis are mercury, arsenic and antimony. 
Some patients are very susceptible to these drugs, and even the local 
me of arsenic in the preparation for filling a cavity in a tooth may lead 
to quite extensive destruction of portions of the jaw. 

In ca^es of syphilis where there is extensive dental caries, the use 
of mercury and arsenic in the treatment of the disease must be 
carefullv watched, as extensive necrosis or complete destruction of the 
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alveolar process may otherwise take plate. It is in the treatment of such 
ca_-es that the co-operation of surgeon and dental surgeon is so essential. 

Necrosis may be seen at times during the course of one of the 
exanthemata, especially in young children, when it may be a fatal 
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condition. Measles, scarlet fever, typhoid, chicken-pox and smaU-pox 
have all been known to be the causative agent in necrosis of the jaw 
(fig. 2S10). In these cases an attitude of conservatism should always be 
adopted. 
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and it was quite a common observation that botii were affected at one 
and the same time. The fumes given off from the yellow phosphorus 
gain access to the jaw, generally through carious teeth, and set up an 
inflammatorj' reaction. Salivation and swelling of the gums and bone 
take place, and this is followed in quick succession by necrosis of the 
bone. The teeth become loosened, and finally drop out, and there is an 
exudation of pus from the empty sockets. The patient’s health deteri- 
orates rapidly owing to septic absorption, amemia, and exhaustion due 
to anorexia ; death may even take place from these complications. 
Sequestra, both large and small, are gradually formed, but take a long 
time to become sufficiently loose to be exfoliated. However, when a 
sequestrum separates or is removed, it is found to be of a curious yet 
characteristic appearance ; it is bossy and porous, and may be likened 
to coarse pumice-stone. As a rule, a considerable involucruin forms 
and the lower jaw may be reconstituted again after separation of all 
the sequestra. Even after the separation of what appears to be the 
whole of the lower jaw in the form of a sequestrum, the jaw is remark- 
ably re-formed and a denture can be worn at a later date. 

Treatment should be conservative, with the removal of loose 
sequestra where necessary, the great essential being to build up the 
general health of the patient. 

Radium Necrosis. This is a form of necrosis which lias appeared 
with the advent of radium treatment for cases of carcinoma of the 
tongue. It is probably the most chronic and most painful form of 
necrosis which affects the lower jaw. It is preventable to a large 
extent, for the radium should be protected in a lead screen. Cases do 
arise, however, where every precaution has been taken and the necrosis, 
which is heralded by a chronic burning pain often for a month or more, 
becomes manifest by radiography before any clinical signs are forth- 
coming. Mouths pass before any clinical evidence of necrosis is to be 
seen, and sequestra slowly form and take a very long time to separate. 
Two or three years is often the actual time period for the separation of 
minute sequestra. In this condition again, conservatism is the treat- 
ment, any active interference causing a mixed infection and an osteo- 
myelitis of the mandible (see also page 5132 ). 

Actinomycosis of the Mandible. The lower jaw is quite commonly 
infected with the ray fungus, the infection commencing in a carious 
tooth or in an abrasion of the mucous membrane by a denture or a 
hard particle of food. There is some swelling of the bone which eventu- 
ally leads to necrosis (see figs. 281 3 and 2814). Multiple abscesses occur, 
which in turn form sinuses, and these discharge a sticky exudate 
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drugs, especially if there is some oral sepsis present at the same time. 
The drugs which may eause necrosis are mercury, arsenic and antimony. 
Some patients are very susceptible to these drugs, and even the local 
use of arsenic in the preparation for filling a cavity in a tooth may lead 
to quite extensive destruction of portions of the jaw. 

In cases of syphilis where there is extensive dental caries, the use 
of mercury and aisenic in the treatment of the disease must be 
carefully watched, as extensive necrosis or complete destruction of the 



alveolar process may otheiwise take place. It is in the treatment of such 
cases that the co-operation of surgeon and dental surgeon is so essential. 

Necrosis may be seen at times during the course of one of the 
exanthemata, especially in young children, when it may be a fatal 
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and it was quite a common observation that both were affected at one 
ami the same time. The fumes given off from the yellow phosphorus 
gain access to the jaw, generally through carious teeth, and set up an 
inflammatory reaction. Salivation and swelling of the gums and bone 
take place, and this is followed in quick succession by necrosis of the 
bone. The teeth become loosened, and finally drop out, and there is an 
exudation of pus from the empty sockets. The patient’s health deteri- 
orates rapidly owing to septic absorption, anaemia, and exhaustion due 
to anorexia ; death may even take place from these complications. 
Sequestra, both large and small, are gradually formed, but take a long 
time to become sufficiently loose to be exfoliated. However, when a 
sequestrum separates or is removed, it is found to be of a curious yet 
characteristic appearance ; it is bossy and porous, and may be likened 
to coarse pumice-stone. .Vs a rule, a considerable involuerum forms 
and the lower jaw may be reconstituted again after separation of all 
the sequestra. Even after the separation of what appears to be the 
whole of the lower jaw in the form of a sequestrum, the jaw is remark- 
ably re-fonned and a denture can be worn at a later date. 

Treatment should be conservative, with the removal of loose 
sequestra where necessary, the great essential being to build up the 
general health of the patient. 

Radium Necrosis. This is a form of necrosis which has appeared 
with tlie advent of radium treatment for cases of carcinoma of the 
tongue. It is probably the most chronic and most painful form of 
necrosis which affects the lower jaw. It is preventable to a large 
extent, for the radium should be protected in a lead screen. Cases do 
arise, however, where every precaution has been taken and the necrosis, 
which is heralded by a chronic burning pain often for a mouth or more, 
becomes manifest by radiography before any clinical signs are forth- 
coming. Months pass before any clinical evidence of necrosis is to be 
seen, and sequestra slowly form and take a very long time to separate. 
Two or three years is often the actual time period for the separation of 
minute sequestra. In this condition again, conservatism is the treat- 
ment, any active interference causing a mixed infection and an osteo- 
myelitis of the mandible (see also page 5132). 

Actinomycosis of the Mandible. The lower jaw is quite commonly 
infected with the ray fungus, the infection commencing in a carious 
tooth or in an abrasion of the mucous membrane by a denture or a 
hard particle of food. There is some swelling of the bone which eventu- 
ally leads to necrosis (see figs. 2813 and 2814). Multiple abscesses occur, 
which in turn form sinuses, and these discharge a sticky exudate 
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containing the well-known “ granules.” Excessive fibrosis takes place 
about the sinuses, and the tissues appear to be markedly indurated. 
If the disease is not treated, slow extension takes place into the muscles 
in the neighbourhood, and the jaw may become fixed, causing difficulty 
in swallowing and breathing. The veins may be compressed, or, 
occasionally, erosion takes place with generalised metastatic deposits 
of the disease which kill the patient. 

The prognosis is far from hopeless, and is quite good if the condition 
is still localised to the lower jaw. 

Treatment must be local and general. Excision of all necrotic 
tissue is essential , and the area should be packed with gauze soaked in 



tincture of iodine. These packs should he changed daily. Indurated 
masses and sinuses should be incised and packed with iodine gauze. 

The general treatment consists in giving large doses of potassium 
iodide up to 1000 grs. per diem. If the patient develops signs of iodism 
the dose should be doubled, not halved. The treatment should extend 
over six weeks or two months. 

Vaccine treatment may be tried as an adjuvant method of treat- 
ment, but is not so satisfactory as intensive potassium iodide treatment. 

During the treatment it is essential that the general health of the 
patient should be maintained by the use of a suitable nourishing diet and 
a tonic if necessary. 

TUMOURS OP THE MANDIBLE 

Innocent tumours are rare ; they consist of osteomata, chondromata, 
myxomata, Iipomata, and fibromata. 

Osteomata may be ivory or cancellous. Ivory osteomata occur in 
the region of the neck and condyle of the mandible. The tumour is 
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usually single and is found as a smooth, hard mass covered with 
periosteum. Growth is slow, but sue}* tumours may cause limitation 
of movement at the tcmporo-mandibular joint. Excision is difficult, 
and fracture of the neck of the mandible may result if precautions are 
not taken to prevent this. 

Cancellous osteomata arc more common than the ivory, and may 
be met with near the symphysis or in the region of the lingula. Their 
removal may he difficult owing to the fact that they may be growing 
from the inner side of the mandible. 

Chomlromata are occasionally seen ; they arise most frequently in 
the region of the condyle or the symphysis, and may be mistaken, 
clinically, for osteomata. 

Myxomata arc very rare tumours in relation to the mandible, and it 
is quite possible that they may be due to degenerative changes occurring 
in fibromata, cliondroinata or lipomata. 

Lipomala, when present, are often subperiosteal in situation, and 
are rarely diagnosed correctly. The tumour is usually very hard and is 
mistaken for an osteoma, but X-ray examination does not reveal any 
bony structure. The correct diagnosis is only made on exploration, when 
the tumour can be completely removed and the diagnosis confirmed 
by the microscope. 

Fibromata may occur in any part of the mandible. They grow from 
the periosteum and form hard tumours which may become peduncu- 
lated if growing from the inside of the jaw, as they then come into 
contact with the tongue winch soon exerts a suction traction action on 
the tumour. Excision is a simple matter ; if left alone they slowly 
increase in size and later may become sarcomatous. 

Malignant tumours are more common and vary considerably in the 
nature of their malignancy. 

Osteoclastoma may occur as an endosteal growth which slowly 
expands the body of the jaw. It generally presents but slight evidence 
of malignancy, and may he treated in the first place by opening the 
outer shell of bone through the mouth, scraping away the soft dusky 
purple contents and plugging the cavity with gauze, after having 
swabbed it out with pure carbolic or tincture of iodine. If the case is a 
late one and the jaw much expanded, the cavity may be filled with 
bone chips to help the consolidation of the bone. If recurrence takes 
place, the cavity should be scraped out once more and some radium 
needles be inserted after the cavity has been filled with hone wax. 
The needles are left in situ for six or seven days; they are then 
removed together with the wax and the wound allowed to granulate. 
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Sarcomata form the commonest malignant tumours of the mandible, 
and every type of osteogenic sarcoma may occur (fig. 2815). The 
periosteal variety is very malignant and often shows an excessive 
amount of new bone laid down in radiating lamina; (figs. 2816 and 
2S17). The be*t form of treatment is by deep X-ray therapy, but some 
cases treated with the radium bomb have yielded good results. Excision 
of half the mandible may be undertaken if suitable X-ray or radium 
therapj is not available (figs. 2818 and 2819). Small doses of radium 
or X-ia\s only aggravate the condition. 

Endosteal Sarcoma often arises in the horizontal ramus, and the 
condition may be mistaken for chronic osteomyelitis, especially if too 



much reliance is placed on the X-ray appearance. In cases of doubt, a 
biopsy should always be obtained to confirm the diagnosis. Excision 
of half the mandible may he undertaken, or the case mav be treated 
by deep X-ray therapy. 

Secondary Sarcomatous Deposits are rarely seen in the lower jaw. 
They present as hard masses which, on X-ray examination, often 
appear to be cystic. Such deposits occur only in the advanced stages 
of sarcomatosis where secondary deposits are to be found all over the 
body. 

Mali, jnant Melanoma may be seen occasionally, growing from the 
lower jaw. Some thirty cases are reported in the literature. The 
growth forms a bluish-black lump growing from the inner or outer 
surface of the horizontal ramus. Histologically, the tumour is very 
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cellular, of sarcomatous structure, the spindle cell predominating. 

Excision of half the jaw should be undertaken. 

Carcinoma may invade the jaw from the tongue or the door of the 
mouth, and is of the squamous-celled type. Wide excision of the bone 
together with the primary disease is always required, unless it has 
extended so far as to render extirpation impracticable ; in such cases 
radium treatment should be undertaken. 

Columnar-celied Carcinoma is rare; it commences in epithelial 
rests m the peri-odontal membrane and spreads into the jaw. The 
treatment is similar to that already outlined. 

Secondary Carcinoma may occasionally be seen in the jaw in advanced 
cases of carcinomatosis, the primary disease being in the breast, pros- 
tate, thyroid or kidney. The X-ray appearances are characteristic of 
secondary carcinoma in the long bones (see fig, 2929). 

Endothelioma may rarely be seen in the lower jaw. It arises in 
connection with the blood-vessels and is found growing from the 
alveolar process. Diagnosis is often difficult, even when a piece has 
been removed for histological examination. Treatment should consist 
of local excision of the jaw in the region of the tumour. 

Fibrocystic Disease of the Mandible ( Adamantinoma . Epithelial 
odontomc). This is a rare disease but one which is well known. It is 
an epithelial tumour arising in connection with the enamel organ and 
may be regarded as a type of adenoma. The tumour is innocent in 
nature but spreads into the surrounding bone of the jaw (see fig. 2820). 
In some cases the tumour undergoes some calcareous degeneration 
which may readily be seen in an X-ray photograph ; in other cases the 
whole of the lower jaw may be converted into definite cystic masses 
(sec fig 2821 ). Histologically the tumour consists of a mass of epifchelial- 
lrned spaces surrounded by dense fibrous tissue, this appearance having 
led to the term fibrocystic. It is not necessary in all cases to remove 
half the lower jaw, but the tumour should be enucleated. 

EXCISION OF THE MANDIBLE 

This is an operation which is rarely performed at the present 
day. Partial excision may be necessary in the removal of epulides ; 
this generally consists in the resection of a portion of the alveolar border 
together with the growth. 

Resection of the median portion of the loner jaw is undertaken for 
those cases where there has been an extension from a carcinoma of the 
under-surface of the anterior part of the tongue, from a carcinoma of the 
ttoor of the mouth, or even from a carcinoma of the lip. Before under- 
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taking such an operation it is very important that all septic foci in the 
mouth should be removed* Intra-trachcal gas and oxygen is the best 
form of anaesthesia and allows the pharynx to be plugged with gauze, 
so that no blood or saliva can enter the air-passagesduring the operation. 
The diseased area is enclosed by two incisions which converge in the 
mid-line just, above the hyoid bone. The divided vessels are secured, 
ami the lower jaw is divided by means of a piece of stout catgut or 
kangaroo tendon which is passed through two drill holes on either side. 
The skin flaps are undermined and brought together ; it may he 
necessary to relieve the tension of the flaps by sonic lateral incisions. 
It is essential to suture the lip carefully so that the red margin on one 
side coincides exactly with that of the other. Drainage is essential, 
the tube being placed in the lower part of the incision. 

Excision of Half of the Mandible. This operation is performed for 
cases of malignant disease. Intra-tracheal gas and oxygen anrestlicsia 
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and plugging of the pharynx with gauze arc imperative. With the head 
turned to the opposite side, an incision is made commencing in the 
centre of the lower lip and passing downwards to a point immediately 
below the symphysis (fig. 2822). It is then carried along the under- 
surface of the body of the mandible and as far as the angle. The 
incision is then prolonged upwards along the posterior border of the ver- 
tical ramus as far as the lobule of the ear, but no further because of the 
danger of cutting the facial nerves. While making the incision over the 
posterior part of the body of the mandible the facial vessels are encoun- 
tered and secured between ligatures. The large flap is turned upwards 
and the muscle 3 attached to the jaw which are not involved ox in 
contact with the tumour are elevated by a periosteal elevator (see fig. 
2823). The muscles on the inner side of the jaw are dealt with in a 
similar manner, care being taken that the mucous membrane of the 
mouth is kept intact. The central incisor tooth is extracted, and the 
jaw divided through the empty socket with a small saw and cutting 
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pliers, a little to one side of the middle line. By this means the genial 
tubercles and their attached muscles are not damaged, and thus the 
movements of the tongue are unimpaired. The bone is now pulled out- 



wards an 1 its internal attachments are brought into view and divided, 
care being taken to secure the inferior dental vessels just before they 
enter the canal m the bone. By depressing the jaw the tendon of the 



temporal muscle is exposed and its attachment to the coronoid process 
can lie severed by a few touches with the knife. Lasilv, the condyle 
of the jaw is freed after cutting through the tendon of the external 
pterygoid muscle and the capsule of the temporo-mandibular joint 
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(fig. 2824). Care should be taken not to divide the internal maxillary 
artery which is in close proximity to the inner surface of the neck of 
the mandible. As a rule, haemorrhage is quite easily controlled, and the 
wound can be stitched together with interrupted silkworm-gut sutures 
— a drainage-tube being inserted at the posterior end. Care should be 
taken in approximation of the lip so that the red margin is continuous 
on both sides of the incision. The wound is dressed with gauze in 
winch one or two marine sponges are incorporated to give firm pressure 
and prevent the occurrence of a haimatoma. The drainage-tube 
should not be removed until all oozing has stopped, which is generally 
about the third or fourth day after the operation. The wound heals 
well and there is little post-operative pain. The patient may be allowed 
out of bed on the second day, and can generally leave hospital about 
the tenth day. Considerable deformity usually results from this opera- 
tion, owing to the remaining half of the bone being drawn across the 
middle line, but, if necessary, this can often be overcome by a plastic 
operation at a later date. The co-operation of a dental surgeon will 
often help in obtaining a good result by the use of a suitable denture. 
Although excision of half the lower jaw appears to be quite a simple 
operation, there are a numbei of pitfalls which the surgeon should 
endeavour to avoid : first and foremost, gentleness is all important, as 
a fracture may result at or near the site of the tumour ; the pharynx 
may be opened if the knife is not kept close to the bone while separating 
the soft parts from the region of the angle of the jaw ; Qr the internal 
maxillary vessels may be wounded and give rise to troublesome haemo- 
rrhage which js difficult to locate and control. 

LEONTIASIS OSSEA 

The lower jaw is frequently involved in this uncommon disease, 
in fact in some cases it appears to be the first bone of the face to 
become affected (see figs. 2825, 2826, 2827 and 2828). The bone is 
enlarged, sclerosed and pitted as if a creeping periostitis had taken 
place. The jaw appears enlarged in every direction, and the patient 
is often very conscious of this fact. There is no known treatment 
for the condition, but small abscesses may form around some septic 
teeth which are often embedded in a very dense mass of sclerosed 
bone (see figs. 2829 and 2830). Extraction of the teeth may entail a very 
difficult surgical operation, the only method by which the teeth 
can be removed being by means of an electrically-driven burr or 
chisel. 
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enlarged. On X-ray examination the jaw appears to have cystic spaces 
connected by multiple trabecula; throughout its entire length. The dried 
bone is quite porous. 

OSTEITIS FIBROSA 

In this uncommon bone disease, which is characterised by the 
replacement of the osseous framework and contained marrow by 
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fibrous tissue, the mandible quite often escapes. Some rare cases, 
however, have been recorded, and figure *2831, which is a macerated 
lower jaw. shows the interior of the expanded bone to be filled with 
a spongv or finely granular and excessively friable osseous material. 
There can be no doubt but that a bony trellis-work passed through 
the interior of the bone at some period while the disease was in progress. 

ACROMEGALY 

The lower jaw is often greatly enlarged and elongated in this 
disease so much so that the teeth in the upper jaw do not come into 
apposition with those in the lower. When growth has stopped, it 
ma y be necessary to excise a portion of the horizontal ramus of the 
jaw on each side. It is often necessary to remove a portion of the tongue 
at the same time, as it is partly responsible for the pushing forward of 
the anterior end of the mandible. The lower jaw may be somewhat 
misshapen in children suffering from severe rickets, but generally, as 
the disease is treated, the deformity disappears and no sign of the 
condition persists in adult life. 

In infantile scurvy, there may be subperiosteal hemorrhages in the 
lower jaw. and a fracture may occur. Quite often the teeth become 
loosened and may fall out. which is probably due to the atrophic 
changes taking place in the osseous walls of the alveoli. 

Another disease which may attack the lower jaw is Mother-of-pearl 
jrorZe/s’ Perio-'Jitis. This disease occurs in mother-of-pearl turners, 
who appear to be affected by a peculiar periostitis which may attack 
the long bones and the jaws. The disease is sudden in its onset, but 
often rapidly fades, leaving a little thickening of the bone, the result 
of the periostitis. The condition never gives rise to any necrosis, and, 
as a rule, no treatment is indicated. 

A very uncommon condition, of which there are few examples, is a 
hydatid cyst of the lower jaw. The bone is expanded into a thin per- 
forated lamina of bone and a fracture may ensue before the disease 
ends fatally. 
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Section 2 


ODONTOMES 

An odontome is a tumour composed of dental tissues which arc con- 
cerned in tooth development. Odontomes must be regarded as tumours 
since they tend to increase in size, perform no physiological function, 
have no typical termination, and fulfil Thoma’s definition of a tumour, 
namely, “ an autonomous or independent new growth.” 

There are four different varieties of odontomes : 

(1) Epithelial odontomes, which are the outcome of abnormal 
development in the dental epithelium. Under this heading arc 
grouped . {«) Multilocular cysts. 

(6) Eruption cysts. 

(c) Dental cysts. 

(</) Dentigerous cysts. 

Multilocular cysts. Fibrocystic disease of the jaw, or adaman- 
tinoma, generally occurs in the molar region of the lower jaw and is 
more common in females than males. The cystic tumour is of slow 
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growth and gradually distends the jaw but produces no marked change 
in the appearance of the mucous membrane. As the tumour grows it 
tends to become extruded from the outer plate of the alveolar border 
{fig. 2832). If the tumour is allowed to grow to a large size, a thin 
layer of bone may cover the cystic spaces of the growth, and egg-shell 
crackling may be elicited. 
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The histological picture is rather varied, but in general it may be 
said that the tumour is seen to consist of numerous cavities lined with 
columnar or spheroidal epithelium separated front one another by 
fibrous or bony septa. The cysts vary in size and the stroma is made 
up of dense fibrous or cellular connective tissue. These tumours 
should be removed by excision ; if this involves a large part of the jaw, 
the defect should be filled with a bone graft. 

Cysl of eruption is caused by tile delayed eruption leading to the 
stimulation of remnants of epithelium derived from the tooth band. 
It usually occurs in young people, and causes a bluish swelling over the 
tooth. The cyst should be excised, and if the tooth is infected it should 
also be extracted. 

Dental cyst is a very common form, is more often seen in the maxilla 
than in the mandible, and seems to prefer the region of the first molar 
tooth. A dental cyst may occur in either sex, and may arise in 
connection with either deciduous or permanent teeth. These cysts 
are due to an infection from organisms in the pulp canal of pulpless 
teeth. In some cases trauma may be the exciting cause, as where ft 
small apical hajinatoma forms and becomes infected. 

A dental cyst may arise through the irritation of epithelial cells in 
the alveolar dental periosteum (the remnants of the epithelial sheath of 
Hertwig). The actual pathology is of interest insomuch as the cyst 
begins as a granuloma in which the epithelium proliferates and a so- 
called “ epithelial root tumour ” develops. A capsule is formed lined by 
epithelium which may be squamous, stratified or columnar in type. As 
the cyst expands, it causes pressure on the bone surrounding it, the 
result being a bulging of thinned bone, which may become so attenuated 
that egg-shell crackling may be elicited on examination. X-ray examina- 
tion invariably reveals a sharp outline to the cyst, except in those cases 
where an abscess has formed. As a rule there is a zone of rarefying 
osteitis surrounding the cyst wall The treatment of a dental cyst 
demands the extraction of the tooth which has been responsible for 
the cyst. 

For a small dental cyst the cavity should be curetted and swabbed 
out with tincture of iodine to destroy the epithelial lining. The cavity 
should be irrigated daily with an antiseptic until healing has taken 
place. 

In the case of large dental cysts where a deep cavity remains and 
healing would take a long time, a flap of muco-periostcuui is raised and 
then stitched to the bottom of the cyst. Such an operation can only 
be undertaken where there is no oral sepsis. 
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Dentigerous cyst is also known ns a “ follicular odontome ” or 
“ cystic follicular odontome ” and occurs more frequently in the 
mandible associated with an unerupted permanent tooth, usually 



molar or canine (fig. 2833). It may, however, sometimes be found 
with a supernumerary and, rarely, with a deciduous tooth. It is quite 
common to find such a cyst in rickety children. 

The cause is, undoubtedly, a primary infection from a deciduous 
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tooth resulting in the formation of a dental cyst, which, so formed, 
meets and surrounds the developing uncrupted tooth. A large swelling 
occurs in the jaw, which is painless at first and later causes some 
chronic pain as expansion of the hone takes place (see figs. 2834-2830). 
Skiagrams reveal the missing tooth lying within the cyst or in some 
cases embedded in the cyst wall. 

The treatment consists of opening the cyst and removing the 
infected tooth winch was the causative agent. The cavity should be 
washed out with tincture of iodine and treated as a dental cyst. 
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(2) Composite odontome*. Under this heading are tonsideied those 
tumours which arise from the whole tooth genn : 

(«) Complex composite odontome. 

(6) Compound composite or follicular odontome. 
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(c} Germinated composite odontome. 

( d ) Gestnnt composite odontome. 

(c) Enamel nodules or epithelial pearls. 

(/) Dilated or cavernous composite odontome. 

It will be seen that the composite odontomes form a large section, 
varying in character, but usually of slow growth, some occurring in 
man while others are moie common in horses and goats (figs. 2837- 
2839). In the case of the complex and compound composite odontomes, 
removal is necessary but the other varieties under this heading should 
be left alone unless infection takes place. 

(3) Connective tissue odontomes. These are rare in man and may be 
divided into : («) Fibrous odontomes. 

(b) Comentomes. 

The fibrous odontome resembles a fibroma. It may occur in rickety 
children, but is much more common in goats. A swelling occurs 
around a tooth which gradually increases in size but is quite painless. 

The eementome is in reality a calcified fibrous odontome, and the 
tooth or teeth appear to be imbedded in hard calcified tissue (tig. 2840). 



Suppuration may ensue, and the whole tumour become detached 
from the jaw. Excision may be required if much displacement of the 
jaw takes place. 

(4) Malignant odontomes. These are very rare, and consist of 
spheroidal* or columnar-celled carcinomata which have developed in 
dental tissues. A fibro*sarcoma has been described arising from the 
dentine germ and called a composite embryoplastic odontome. By 
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the time these rare tumours are seen the only treatment to be of any 
avail is some form of radio-therapy. 

For a fuller description of the minute pathology and operative 
technique used in the removal of the various odontomes, reference 
should be made to books on dental and surgical pathology, one of the 
most practical being by Widdowson and lViddowson. 
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FRACTURES OF THE MANDIBLE 

hy 

W. Kelsey Fry 



FRACTURES OF T1IU MANDIBLE 

OlVIXU to the .auditions of modern life, fracture* of tl,e nut.ultl.le are becoming 
more frequent, and ester ure often ntlnhUct! into general hostel* under the cure 
" 3 or ortl.otue.lio surgeons. Consequently it has non- hero, no essent a 

for thctneral surgeon to hare a thorough knowledge of the principles o the 
treatment of such cases. Unfortunately, only very scanty mention of fractures 
of 'the jaws is made in the standard text books on general fractures , t 
reason being that the treatment of this condition lies ui a sort of Jo Man s band 
hetrm'n the territories of the general surgeon and the dental su^eom U t e 
present time there appears to he a tendency for surgeons to pos tpone rnry tea 
meat of the frnctu.o until the patient has recovered from , ' / 

and until the swelling of the soft tissues has subsided. Much akabtejmre^ 
thus lost, whereas the closest co operation between thesener immobdisa- 
at this time would prove extremely beneficial, eslwcu > ‘ trcatmcnt 0 f 

tiou of the fragments is one of the first principles ui the 

tllC Tim geneml principles of the treatment of mandibular fractures are similar 
to those of other fractures in the following particulars • , t must ho 

(1) The earliest possible diagnose, of the s, found natureof the fracture 
made, and skiagrams taken at repeated interval alignment obtained 

(2) The displacement should be reduced and the corr b 

with as little delay as possible. „ taill t ] lc fragments in 

(3) Complete immobilisation must be ensured so . 

their correct positiou. • 

The principles differ from those of other frac “?3cturcs mT olvmg the head 
(a) Early active or passive movement (cxccp , m taining the healthy 

of the condyle or the condylar process) is not ne ' f Complete immobllisa- 

condition of the muscles or for rcstorrng toetronal ahrlrty. bo P for 

tier is the foundation of success in these cases. and thc acho o 
the intake of liquid food is sufficient to mandam c tS-tire*! screws, plates, 
( t ) Early surgical method, f« ‘b^j^ for ’ teMflxoI r „ds, 

etc., are generally contra-indicated, and t 

““Kftaetures are osuuUy compound, and teeth may he preseat - the line 
° £tr (d)' ‘I fixed base for immobilisation is generally 

PAUSES Or FRACTURES . , 

The causes of fractures are div.dcd mto two classes : (1) Predrsposmg, an 

,2) “l e ;,g caws aro either genera, bone diseases, sueh as osteitis 
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fibro»a, or local diseases, such as tumours, cysts and osteomyelitis. Acute 
osteomyelitis following the extraction of teeth in the mandible is also a frequent 
cause, the usual history of such a case being : Infection followed extraction of 
teeth, treatment was delayed and acute osteomyelitis resulted ; the jaws were 
not splinted and a pathological fracture ensued. The lesson to be learnt 
from these cases is the necessity to splint all cases of extensive osteomyelitis 
so as to avoid possible fracture, thus retaining the periosteum in its normal 
extended position so that new bone may be formed in correct alignment. When 
it is considered that surgical fractures are liable to occur, close co-operation between 
the general and dental surgeons is necessary, so that the latter may construct 
s plints before the operation to retain the fragments in as good alignment as possible 
and thus reduce facial deformity to a minimum . The absence of this co-operation 
often results in the fragments being displaced and bound down by scar tissue, 
subsequent treatment being prolonged and rendered difficult. 

I in mediate causes are various forms of violence, and result in direct or indirect 
fractures If a blow is received on the side of the mandible, a direct fracture may 
occur at the site of injury together with an indirect fracture on the opposing side 
of the jaw close to the unerupted wisdom tooth or the neck of the condyle. In 
some cases no direct fracture occurs at the site of injury, e g. a fall upon the chin 
with the instinctive clenching of the teeth may result only in indirect fractures of 
one or both necks of the condj les 

Location of Fractures. 

Fractures may occur in any part of the mandible, bnt usually take place in 
the body of the jaw. as this part has only a thin covering of soft tissue and is more 
exposed to injury The commonest sites of fractures are in the molar region, the 
premolar region, and the necks of the condyles, in the order named. In locating 
the site of fracture it must be remembered that a violent blow will often cause an 
indirect fracture on the opposite side of the mandible, usually in the canine region, 
due to the resilience of the mandible and its great convexity in this area. 
This fracture will often be accompanied by an indirect fracture of the mandible 
on the side on which the blow was received, at the neck of the condyle, 
or through the site of the unerupted wisdom tooth — the two inherent points of 
weakness. Other frequent sites of fractures are the canine and incisor regions. 
In young children the commonest site is the canine region owing to the unerupted 
permanent canine being situated near the lower border of the mandible, with con- 
sequent weakness in that region. 


DIAGNOSIS 

In most cases of mandibular fractures diagnosis is simple and may be made by 
inspection alone The usual symptoms of pain, tenderness, swelling, crepitus, 
etc., are present, m addition to which the patient complains of difficulty in open- 
ing or closing the mouth, and there is derangement of the natural line of the teeth, 
with congestion and discolouration of the mucous membrane around the fractured 
area. There may also be a marked deformity in the symmetry of the face and con- 
sequent lack of control of the saliva, and it may be found that some of the teeth in 
the fractured area have been lost. Crepitus may be determined by grasping the 
mandible on either side of the suspected fracture using the thumb and fore- 
finger of each hand. In cases of fracture of the ascending ramus or of the condylar 
region, some of the usual symptoms are often absent, andthe condition is suspected 
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by the deviation of the mandible to the affected side on opening the mouth. 
Crepitus in these cases is difficult to elicit, except by means of a stethoscope 
over the suspected area or by placing the little fingers in the external auditory 
meati and comparing the movements of the condyles on the two sides. X-ray 
confirmation is essential in all cases to give the exact location and direction of the 
fracture and the relation of the teeth to the fractured area. The radiographs should 
le taken in the antcio- posterior and the right and left lateral positions. 

Displacement. 

When deformity is present it is due to the displacement of the fragment, and 
the type of this displacement depends largely upon the direction and force of the 
injury and upon the direction of the line of fracture, together with the resultant 
action of the muscles attached to the separate fragment. The presence or absence 
of teeth also influences the amount of displacement. By noting the type of dis- 
placement the site of injury may generally be diagnosed. It must be remembered 
that there are three main groups of muscles attached to the mandible, viz. 
elevators, depressors, and rotators, and the direction of the displacement depends 
upon the line of fracture and the predominance of one of these groups of muscles 
acting on the separate fragment (see fig. 2811). 

Various types of fractures present characteristic displacements, such as : 

(1) Fractures in the symphysis ngion. When there is no loss of bone, the 
muscular groups remain balanced and no displacement occurs. If, however, 
there is comminution, the two main fragments are inverted and drawn towards the 
mid-line. 

(2) Fractures in the pre molar region. When the injury is slight and sufficient 
teeth are present in the mandible and maxilla, the displacement will be slight 
owing to the action of the teeth. If there is a scarcity of teeth and the force of 
injury is great, marked deformity will occur, the amount depending upon the line 
of fracture. When the line of fracture is vertical, the small posterior fragment will 
be displaced upwards, the larger fragment being displaced downwards by the 
action of the depressor muscles attached to this fragment. The hno of fracture 
in this region is, however, usually oblique, and in this case the displacement is 
accentuated by the resultant overlapping of the fragments, due to the action of 
the external pterygoids (sec fig. 2842). 

(3) Fractures in the molar and angle regions. Fractures in these regions are 
not only greatly influenced by the presence or absence of teeth on the small posterior 
fragment, but also by the obliquity of the line of fracture which generally occurs 
here as in the case of the premolar region. Figure 2843 shows the different lines 
of fractures frequently met with, and it will be noted that when the line of injury 
runs from above downwards and backwards (as a in fig. 2843) displacement is 
more likely to occur than when the line of fracture runs from above downwards 
and forwards (as b in fig. 2843), as in the latter case the elevator muscles are less 
able to displace the fragment in an upward direction. Again, if there is a tooth on 
the smaller fragment this will tend further to resist displacement, and should 
there be a maxillary tooth present to oppose this tooth, displacement may be 
entirely prevented (see fig. 2844). If the fracture runs in the direction of A and no 
teeth are present, the posterior fragment will be displaced upwards by the elevators 
and forwards and inwards by the rotators (external pterygoids), the larger frag- 
ment being depressed and the mid-line of the mandible diverted to the injured 

i gl. m. — 3 E 
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fibroma, or local di«sis« svh a, rumours, cysts and osteomyelitis. Acute 
osteomyelitis following the cinuft.cn of teeth in the mandible is also a frequent 
cause, the usual history rf vmh a <x*e being : Infection followeil extraction of 
teeth, treatment was d> Lit- 1 a- 1 acute osteomyelitis resulted; the jaws were 
not splinted and a pi'h< !< g/xl fracture ensued. The lesson to be learnt 
from these cawr® is the v • ■* *• *<-• -plrnt all cases of extensive osteomyelitis 
so as to avoid po-* , b> frit*' ’• *«.\- rpr .nn.n g the periosteum in its normal 
extended position so tha* - - -a iu} t* formed in correct alignment. When 
it is considered th.it - .nr a. ;-i t • are liable to occur, close co-operation between 
the general and d*-i*.i i- n «e „rv so that the latter may construct 

splints before th- op^»a* j > *o r*-’ - * - r igm-n:s in as good alignment as possible 
and thus reduce facial r c~.*v t-. <. " .»..n! iin The absence of this co-operation 

often results in th*- tra_' n*s '-12: <L .priced and bound down by scar tisane, 
subsequent tixTu. at Ua: pr» >n„-i ~ r A rendered diScult. 

hit mediate raiMs are ar. is tin ^ »#i uclence. and result in direct or indirect 
fractures If a blow l- -w- <m . * • ~ re of the mandible, a direct fracture may 
occur at the site of injure *• r a rh an indirect fracture on the opposing side 
of the jaw close to the nr. r'.j t -.1 i-ylisi tooth or the neck of the condyle. In 
some cases no direct fracture <vcur» at the site of injury, e.g. a fall upon the chin 
with the instinctive cbachmj of tire teeth may result only in indirect fractures of 
one or both necks of tUe condwea 

Location of Fntivr** 

Fracture-. nn»y occur it am or the mandible, but usually take place in 
the body of the jaw U3 rm? part Las only a thin covering of soft tissue and is more 
exposed to injury The commonest sites of fractures are in the molar region, the 
premolar region, and the necks of tire condyles, in the order named. In locating 
the site of fracture it must be remembered that a violent blow will often cause an 
indirect fracture on the opposite side of the mandible, usually in the canine region, 
due to the resilience of the mandible and its great convexity in this area. 
This fracture will often be accompanied by an indirect fracture of the mandible 
on the side on which the blow was received, at the neck of the condyle, 
or through the site of the unerupted wisdom tooth— the two inherent points of 
es3 ' , Sltfc » °f fractures are the canine and incisor regions. 

In young children the commonest site is the canine region owing to the unernpted 
permanent canine being stcated near the lower border of the mandible, with con- 
sequent weakness in that region. 


4»1AV..\USI3 

In most cases of masdOmlar fractures diagnosis is simple and mav be made br 
inspection alone. The osnal symptoms of pain, tenderness, swelling, crepitus, 
etc , are prerent, in addition to which the patient complains of difficulty in open- 
ing or closing the month, and there is derangement of the natural line of the teeth, 
with congestion and discolouration of the mucous membrane around the ftactured 
area. There may also be a marled deformity in the svmmetry of the face and con- 
seqnen. Uck of conttol of the saliva, and it may be found that some of the teeth in 
the fractured area have l«n lost. Crepitus mav he deter mined by grasping the 
nurnnih e on other ode of th. Suspected fracture ^ the th 4£^ d &«. 

!aA ^‘!" L U “ i<3 of of the ascending ramns or of the condvlar 

regiOD, some of the usual symptoms are often absent, and the condition is suspected 
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by the deviation of the mandible to the affected side on opening the mouth. 
Crepitus in these cases is difficult to elicit, except by means of a stethoscope 
over the suspected area or by placing the little fingers in the external auditory 
mcati and comparing the movements of the condyles on the two sides. X-ray 
con fir mat ion is essential in all cases to give the exact location and direction of the 
ftacturc aud the relation of the teeth to the fractured area. The radiographs should 
Le taken in the antcio-posterior and the right and left lateral positions. 

JDisplacimint. 

When deformity is present it is due to the displacement of the fragment, and 
the type of this displacement depends largely upon the direction and force of the 
injury and upon the direction of the line of fracture, together with the resultant 
action of the muscles attached to the separate fragment. The presence or absence 
of teeth also influences the amount of displacement. By noting the type of dis- 
placement the site of injury may generally be diagnosed. It must be remembered 
that there are three main groups of muscles attached to the mandible, viz. 
elevators, depressors, and rotators, and the direction of the displacement depends 
upon the line of fracture and the predominance of one of these groups of muscles 
acting on the separate fragment (see fig. 28 il). 

JWoue types of fractures present diaractcristic displacements, such as : 

(1) Fractures in the symphysis region. When there 13 no loss of bone, the 
muscular groups remain balanced and no displacement occurs. If, however, 
there is comminution, the two main fragments are inverted and drawn towards the 

mid-line. 

(2) Fractures in the premolar region. When the injury is slight and sufficient 
teeth arc present in the mandible and maxilla, the displacement will be slight 
owing to the action of the teeth. If there is a scarcity of teeth and the force of 
injury is great, marked deformity will occur, tbo amount depending upon the lino 
of fracture. Wien the line of fracture is vertical, the small posterior fragment will 
be displaced upwards, the larger fragment being displaced downwards by the 
action of the depressor muscles attached to this fragment. The line of fracture 
in this region is, however, usually oblique, and in this case the displacement is 
accentuated by the resultant overlapping of the fragments, due to the action of 
the external pterygoids (see fig. 2842). 

(3) Fractures in the molar and angle regions. Fractures in these regions arc 
not only greatly influenced by the presence orabscncc of teeth on the small posterior 
fragment, but also by the obliquity of the line of fracture which generally occurs 
here as in the case of the premolar region. Figure 2843 shows the different lines 
of fractures frequently met with, and it will be noted that when the luxe of injury 
runs from above downwards and backwards (as a in fig. 2843) displacement is 
more likely to occur than when the line of fracture runs from above do to wards 
and forwards (as n in fig. 2843), as in the latter case the elevator muscles are less 
able to displace the fragment in an upward direction. Again, if there is a tooth on 
the smaller fragment this will tend further to resist displacement, and should 
there be a maxillary tooth present to oppose this tooth, displacement may be 
entirely prevented (see fig. 2844). If the fracture runs in the direction of a and no 
teeth are present, the posterior fragment will be displaced upwards by the elevators 
and forwards and inwards by the rotators (external pterygoids), the larger frag- 
ment being depressed and the mid-line of the mandible diverted to the injured 

vol. in. — 3 E 
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side (fig. 28 15). From the above it will be seen that it is advantageous to conserve 
for a time a tooth upon the posterior fragment, even though it may be involved 
in the fracture. When fractures in these regions are accompanied by loss of bonej 
the chances of displacement are naturally greater, but advantage may be taken 
of the swinging forward of the posterior fragment to assist in obtaining union, 
care bciug taken, however, that this fragment docs not swing too far upwards and 
so lose contact with the main fragment. 

(4) Fractures in (he condylar regions. Fractures of the neck of the condyle 
are very common, and the smaller fragment may be displaced forwards on to the 
enunentia articularis inwards or outwards ; tlio former is the more usual, being 
the position occupied by the fragment when the fracture is indirect and is accom- 
panied by direct injury to some other part of the mandible (fig. 28 1G), If, on the 
other hand, all the force is taken by the condyle, as in a fall on the chin with teeth 
clenched, the condyle is forcibly displaced externally so that it may be felt with the 
fingers, or it is displaced directly inwards, the former being the more common. 
In all Cases of fractured condyles on one side only, the main fragment is displaced 
towards the injured side, but in tlio case of a double fracture, it is depressed and the 
patient presents the obvious deformity of the open bite. 

(3) Fractures of the coronoid process. These fractures arc always due to direct 
injur}', the process being pulled upwards and backwards by the temporal muscle. 
There is usually no deformity, but pain is referred to this region on opening the 
mouth. 

(6) Double fractures. A common injury to th© mandible is a double fracture 
in the prcmolar regions, result mg in a typical marked deformity, the middle 
fragment generally being displaced downwards and backwards and the two side 
fragments upwards and towards the mid-line, the amount of displacement depend- 
ing upon the obliquity of the lines of fracture (fig. 2847). The backward displace- 


Ftg. iS47. — DOFBLfc ntACTCKE it TRCMOLAR REGIONS 
ftHORlNO DIsrLACEME’IT. 


meat of the middle fragment may seriously interfere with respiration and, owing to 
the loss of control of the tongue, swallowing becomes difficult, the patient being 
unable to control the saliva, with resultant dribbling. 

EMERGENCY TREATMENT 

Emergency treatment is fortunately not often called for in cases of mandibular 
fractures, except where there is comminution in the incisor regions or double 
fractures in the canine or premolar regions, when the tongue is liable to fall back 
and interfere with respiration. Immediate holding forward of the tongue then 
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becomes a necessity and care should be taken not to allow the patient to lie upon 
the back. If placed upon a stretcher he should lie upon his stomach with the 
head hanging forward over the end of the stretcher, so that gravity will hold 
the middle fragment forward until a more permanent method is available to 
maintain the tonga* in a forward position. Neglect of this precaution has resulted 
in deaths through asphyxia. 

TREATMENT 


As in »h* >a^e of fractures of other bones, treatment should be commenced 
i« *ari v v possible. and, as previously stated, the closest co-operation should exit 
Iv*-*--. & ihe general and the dental surgeons to ensure that any displacement is 
< *t r.-j aE( J the fragments immobilised without undue delay. The accurate 
TKtioa of displacement i3 more essential in these fractures than in the case of 
fractures of other bones, 33. owing to the presence of teeth, any inaccuracy will 
cause faulty occlusion and consequent lo-s of masticatory power. 

Control of eeptit It is of the greatest importance that any sepsis in the mouth 
should be minimised by : (a) Irrigation ; (6) Removal of any septic teeth and teeth 
in the line of fracture • and (c) Establishment of drainage. 

(a) Irrigation A solution of bicarbonate of soda will be found most beneficial 
in freeing the mouth from mucus and debns, and may be followed by an antiseptic, 
such as easel. These washes should be frequently mod by means of a HIgginson 
oynnge. and particularly after meals. 


(6) Removal of any scjJic teeth and of teeth in the line of fracture. In order to free 
the mouth from sepsis it is essential to remov e all septic teeth. The treatment of 
teeth in the line of fracture has aroused much controversy but the general trend of 
modern opinion favours the removal of these teeth at the first opportunity. Lines 
of fracture are open pathways for the spreading of an infective process, and when 
teeth are in these hues a secondary inflammatory condition of the periodontal 
membrane ensues, and the epithelial attachment between the buccal mucous 
membrane and the teeth is broken, resulting in pockets being formed which always 
prove a source of sepsis and deter bone formation. In 3 large number of cases 
imder observation it has been remarkable to notice the rapidity £ith which fractures 
have united after the teeth involved have been removed ; on the other hand, it 
has been equally noticeable, in examining by radiography old injuries which have 
not united that although the fragments have been in good alignment, a tooth has 
been fomid m the line of fracture, on the removal of which union has rapidly taken 
pace Fractures will sometimes unite with teeth in the line of fracture, even when 
here is considerable sepsis, but the tun? taken is prolonged and the chances of 
pseudo-arthrosis much increased, whilst the teeth have eventually to be removed 
owing to chrome periodontitis. It has often been observed that when a tooth has 
been left in the line of fracture it has resulted in an increased loss of bone from 
sejfcu, with the result that the adjacent tooth becomes involved. Sometime, as 
Sw* 7 a tC ° th “ retained on ,he Interior fragment of the mandible, 

*'■“ Mental. It mast, however, be 
remembered that It uertremely unportnnt to retain a molar tooth so that it nur 
U unlMd for the purpose of munobilmng the S mnll posterior fragment, which is 
otherwise dimeult to control. In this etent the benefit of tetninin- the tooth. 

, ‘ ““"'f? ttf! “P* b-i skiagram, shoall he taken at 

intervals to note the condition of the area around the tooth. 
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Although radical treatment for septic teeth i3 advocated, it must be home in 
mind that, wherever possible, teeth must be conserved for probable use in retention 
of a prosthetic appliance at a later date. 

( c ) Establishment of drainage. In severe injuries abscess formation often occurs, 
particularly in the angle region, and when an external wound is present, use should 
be made of it for drainage purposes. In eases where there is no injury of the soft 
parts it is often advisable to establish submaxillary drainage as a preventive 
measure, care being taken to make the incision as inconspicuous as possible. 

Retention of Loose Fragments. 

The recuperative powers of the mandible arc great, and therefore it cannot 
be too strongly emphasised that no fragments of bone should be removed unless 
they are obviously necrotic, as these particles may become centres of ossification 
for the formation of new bone. 



Fij 2813 — Dittu niiuci. Fij 2810 — Hvjultuv snip. 

(C<n'i IIosjiiUI pattern ) 


Methods of Reduction and Immobilisation of Fragments. 

The immediate treatment for the immobilisation of the fragments is by means 
of bandages, although this is only of a temporary nature and in no way assists 
reduction. Bandages support the mandible, thus relieving pain by limiting move- 
ment, assist in the taking of food, and minimise the dribbling which is so distressing 
in more serious cases. Bandages also aid in the retention of dressings when 
necessary. 

The most common type of bandage used is the four-tailed bandage, but this 
type is contra-indicated, as it causes a backward pressure on the fragments, thus 
tending to increase the displacement in certain cases. The best types are those 
that provide pressure in an upward and, if possible, forward direction, such as 
(a) Barrel bandage, (b) Hamilton strap, and (c) Fry’s elastic support. 

(a) Barrel Bandage. This is made with lj-inch bandage and is applied as 
shown in figure 2848. Care should be taken to have the posterior loop below the 
occiput, ft is simple and easily adjusted, and applies pressure in an upnard 
direction. 
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J ~ m Uamlrn Strap (Guy’s Hospital Pattern) This i» ~mp<,s<A ot 

stnps of webbing, H inches wide, with a linen rest for the cbm. T P 

laterally far three-quarters of its length. To the upper and narrower part are 
fixed tapes which tie behind, while from the lower part pieces of webbing are taien 
lip m front of the ears and through slots in a band which goes round th head over 
the forehead The tw o side hands, and a third piece which comes ov er the back of 
the head are joined to three bnckles on the crown. Figure 2849 shows the strap 
m position The mam pressure is taken in an upward direction by the vertical 
hands The tw o tapes passing backwards are merely to hold any necessary 

in vin portion and there is no backward pull. 

M Fuj a Elastic Support Figure 2850 shows this adjustable appliance, which 
constructed of elastic and applies pressure in an upward direction. 



The early treatment with bandages is followed by treatment of a more per- 
manent character for the reduction and immobilisation of the fragments. The 
methods employed are (a) Intcr-dental Wiring, (6) Splints, (c) Wiring, and 
(cf) Circumferential Wiring 

(a) Inter-dental Wiring. Utilising the maxillary teeth as a fixed base and 
wiring to them the teeth on the mandibular fragments is the principle underlying 
inter-dental wring. It is owing to the presence of teeth that the method of fixation 
for jaw fractures differs from that for other bones. For the success of this method 
of fixation it is necessary to have sufficient teeth on the maxilla and on each frag- 
ment of the mandible. The technique of wiring has been greatly improved in 
lecent years. The old method consisted of attaching separate brass wires to the 
necks of opposing teeth and twisting the ends of these wires together so as to bring 
the mandibular teeth into correct alignment with the maxillary teeth. Figure 2851 
shows the various methods formerly used in inter-dental wiring; Type B is 
to be preferred to Type A, as in the latter case the tension, being in a vertical 
direction, has a tendency to loosen the teeth, whereas in Type B the pressure is 
taken in a more lateral direction. These methods may still be used in cases where 
the displacement is slight, but they have the disadvantage that if one of the wires 
breaks it cannot be refixed without all the remaining wires being removed and 
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adjusted. Another disadvantage is tliat if the mouth lias to be opened for any 
purpose, such as inspection or the removal of a tooth, new wires have to be applied. 

These disadvantages may be overcome by the use of the American method of 
inter-dental wiring, known as eyelet wiring (fig. 2852), the technique of which 
is as follows : Under a general anesthetic, after the necessary teeth have been 



?<j 2831 —T*ris or nru dwih v»i\c F>j £852.— Khj.it wiring 


removed, two adjacent teeth are wired together with a small loop between them, 
and the same is done to two opposing teeth. The two loops are then joined together 
with a separate piece of wire. Three of these groups of wires are generally used, 



fig- £S53. — Co\srsfcTTos or ti ctrr vtuya. F,g — Co'srucczior or krtu.7 wibiao. 



stEiarr wiEtso. 


one in the centre and one on each side of the mandible. Pieces of brass wire, 
24 gauge and about 12 inches in length, are supplied for this purpose by the S. S. 
White Dental Depot. The wire is first twisted around a dental burr, or some small 
surgical instrument, to form an eyelet, and the ends are then passed from the buccal 
to the lingual or palatal surface between the selected teeth. One end of the wire 
is then passed round the posterior tooth and the other around the anterior tooth 
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and brought to the buccal surface. Finally, one end is passed through the eyelet 
and twisted tightly to the other end. The first twist of the wire should be made by 
the hands and completed bv means of pliers, the ends then being cut short and 
turned between the teeth to a\oid irritation of the cheeks. Care should be taken 
that the eyelet is not too large and is kept as close as possible to the teeth. When 
all the groups of wires have been fitted and the patient is in a relaxed condition, 
the displacement is forcibly reduced and, whilst pressure is maintained from below 
the mandible, the inter-dental wires are inserted in the eyelets and firmly fixed 
(see figs '2853 and 28341 

The advantage of this method is that if total reduction of the displacement 
is not possible at the fir^t attempt, as is often the case, the inter-dental locking 
wires may be tightened dailv until reduction is complete (see fig. 2853). Again, 
should one of these wires break it may be separately replaced, or all the locking 
wires may be removed for opening the mouth for any purpose without removing 
the eyelets 

(ft) Splints Dental splints are Used on the same principle as inter-dental 
wiring, viz. the utilisation of the maxillary teeth as a fixed basis for reducing 
displacement and immobilising the mandibular fragments in their correct position. 
The best type of splint is the m»tal cap splint, consisting of metal caps constructed 


Fij ^$37.— MAsnurua METAivV.hr srusT. 



to fit accurately on the maidlary teeth and the teeth on the separate fragments 
of the mandible The spUnts are cemented on to the teeth and have small metal 
loops attached to the buccal or labial aspects for the purpose of winn- them 
together (see fig 2856) 

Dental splints are used in preference to inter-dental tricing trhen there are 
only a few teeth present on the separate fragments, as the attachment is more 
secure m these cases, thus permitting greater force to be used. Splints are also 
advisable when the injury is slight and the displacement can be reduced without 
difficulty In such cases a splint may be constructed for the mandible only, 
thus enabling the patient to open and dose the mouth normally (fi*. 2857). 

Much ingenuity has been expended in devising many variation, of the metal- 
cap sphnt, depending upon the amount of bone lost or the absence of teeth on one 
or more fragments. In edentulous ease, the vulcanite Gunning sphnt is sometimes 
used Thra sphnt consists of vulcanite plates made to fit the mandible and maailla 
nlZ 7 T S " Pi ” rtS ' ^ “PP« H*to is fitted over the 

rf^aostal h l “T “ hdd “ its “met position by the lower 
plate assisted by a head bandage under the chin. J 

fracn™'"" 5 ' ^ ”■*“1 ’ rin “ S “ contra-indicated because mandibular 
fTXlv T y Tr n \:r' a is ovtmnrly difficult to obtain 

S ^ or co„T “ S ‘°° ,he *«>* >>)• tncthod. In fracturca of the ascending 
“Z v i” 5 '!" , nnion » easily obtained with 

satisfactory functional results without recoup* to surgical wiring. Simple 


51 05 


FRACTURES OF THE MANDIBLE 

fractures in edentulous eases also yield good results without wiring, but: there is 
no actual contra-indication. 

Wiring is often very useful in eases of non-union of old fractures when all 
sepsis has subsided, especially in the molar region when the edentulous posterior 
fragment is displaced forwards and upwards with resulting loss of contour. 
Silver wire is generally used, and the fragments are dissected and replaced in 
their normal positions, care being taken not to make an opening into the mouth. 

(>0 Ct'rcu infer ent ial Wiring. This type of wiring is sometimes used when 
comminution occurs in edentulous or nearly edentulous cases, and consists of 
passing a wire by means of a cannula through the soft tissues close to the bone on 
the inside of the mandible, the wire being brought to the external surface of the 
skin. It is then passed upwards through the soft tissues into the buccal sulcus and 
the two ends of the wire are twisted over a small vulcanite plate previously con- 
structed to fit the fragments in the correct position. These w ires are well tolerated 
and in suitable cases give excellent results, a typical example being a comminuted 
fracture in the incisor region with the two lateral fragments edentulous, when 
these fragments would naturally collapse towards the mid-line. By means of tlio 
circumferential wiring the two lateral fragments may be replaced and maintained 
in their correct position whilst the comminuted area consolidates. 

Fietling. 

It will be readily understood that the question of satisfactory feeding plays an 
important part in the treatment of these cases, especially when the jaws are 
immobilised and mastication is impossible. The usual method is to attach a 
piece of rubber tubing about I inches in length to the nozzle of a feeding cup and 
to pass the food into the mouth through the tube. In most of these cases teeth in 
the line of fracture have been lost, which provides a gap through which the tube 
may be passed, but if all the teeth remain food may be takeu by passing the tube 
behind tha last molar toot/i. The basis of the diet consists of liquids (or in some 
cases semi-liquids) in the form of milk, eggs, fruit juices, soups, cereals, etc., 
which should be varied as much as possible. Fruit and vegetable purees and finely 
minced meats may also be introduced when circumstances permit, especially in 
cases where inter-maxillary fixation is not required. 

Anaesthesia. 

As previously mentioned, a general anaesthetic is usually advisable for cleaning 
up the mouth, reducing the displacement, and fixing inter-dental wiring. Care 
has to be taken, especially in severe cases, owing to the difficulty of maintaining 
an airway, the intra-nasal technique being very valuable. A stout stitch should 
be put through the tongue and maintained in position until the patient has 
recovered consciousness, especially in all cases of inter-maxillary fixation. Fear is 
often expressed as to the possibility of asphyxiation as the result of post-operative 
vomiting after inter-dental wiring, but this fear is groundless as there is ample 
room for the expulsion of the vomit. The only disadvantage of a general anes- 
thetic is the strain placed upon the inter-dentai wires during the patient’s recovery 
from the anesthetic ; this strain must be diminished by means of firm bandages, 
or, preferably, by strapping. 

Sliigrams. 

In treating fractures of the mandible, skiagrams are essential (a) for correct 
diagnosis, (b) to ascertain if teeth are present in the line of fracture, and (c) to 
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ascertain tie direction and amonnt of displacement. Repeated films should be 
taken to note the correction of displacement and the progress of nrnon. For correct 
diagnosis all skiagrams should he taken eitra-oraUy and in the anteio-postcrror 
antldeht and left lateral positions. The antero-posterior position is very valuable 
m giving a general view and indicating the obliquity or otherwise of the line of 
fracture, bat care most be taken not to obscure the condylar area by the mastoid 
re^on. The lateral views are invaluable for tbe definite indication of the line of 
fracture and tbe teeth involved, but care must again be taken to prevent super- 
imposition of tbe two sides of the mandible. Intra-oral films are only of value for 
small alveolar fractures or isolated fractured teeth. 

TrcaititCrJ rf Various Types of Fractures 
As previously stated, tbe presence of a good complement of teeth aids consider- 
ably m the successful treatment of mandibular fractures. When, however, the 
fracture is posterior to the last standing tooth, or teeth are absent on one or more 
of tbe fragments, the treatment is less simple, and each individual case requires 
special consideration It is therefore desirable to describe tbe treatment used in 
certain types of cases . 

(1) Fracture* of the altecJar portion only. This is a very common type, 
occurring chiefly m the incisor region, where the alveolar bone is thin, both on the 
lingual and buccal aspects of tbe teetb, the line of fracture being generally at tbe 
level of the apices of tbe teetb If tbe fragment has not been grotty displaced, 
the blood supply to tbe teeth is not interfered with, in which case immediate reduc- 
tion of the displacement and splinting of the fragment in its corrected position is 
indicated. If the displacement is great and the blood supply to the pulps of the 
teetb interfered with, it is advisable to remote tbe fragment in toto, the teeth being 
replaced later by a denture. Care must be taken when removing the fragment to 
reflect the muco- periosteum from tbe fragment and to suture the two flaps together, 
thus avoiding adhesion of the mucous membrane of tbe lips or cheek to tbe 
mandible, with resultant difficulty in retention of tbe denture. 

(2) Fractures behind the but (landing tooth. In these cases the posterior frag- 
ment cannot be success fully controlled, and as this fragment bra a tendency to be 
displaced upwards and inwards, it becomes necescaiy to bring the main fragment 
into as good alignment as possible with tbe small posterior fragment. For this 
purpose the main fragment is immobilised by eyelet wiring or splinting to the 

m tke closed bite position. If tbe fracture is in tbe angle region it is often 
not compound, in which case immediate surgical wiring is often advisable. If 
this method is adopted the main fragment should be firmly immobilised to tbe 
maxilla in the corrected position before the operation, otherwise union may be 
obtained in mal -occlusion. 

(3) Fractures of the neck of the condyle. In these fractures the condylar 
fragment may be displaced, forwards, inwards or outwards, tbe first being by far 
the most frequent. Xo attempt should be made to replace tbe smaller fragment 
but a faLe joint aimed at, as the functional lo=s is almost negligible. Tbe treat- 
ment of this type of case consists in immobilising tbe mandible to tbe maxill a 
for five to seven day3, and then encouraging movement. To prevent the tendency 
of the mandible to swing to tbe affected side a metal-cap splint with a vertical 
flange (fig. 2;5S) is fixed to the lower teeth. This splint is worn until such time as 
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the deflection is conccted by the co-ordination of the muscles. Should the condyle 
bo displaced outwards and so cause deformity of the face, it is advisable to resect 
the small fragment at a later date. 

(4) Fractures of the coronoid process. Xo fixation is required in this type of 
ease, but active movement must be encouraged from the commencement of treat- 
ment. These fractures arc frequently accompanied by Fractures of tho zygomatic 
arch, and if early movement is not encouraged adhesions form, resulting in 
limitation of movement of the inaudible. 

(0) Fractures of edentulous mandibles. In the majority of fractures of edentu- 
lous mandibles without loss of bone, the fractures are not compound, and as no 
teeth arc present tho displacement is not pronounced and any slight overlap of 
the fragments will not greatly interfere with the wearing of a denture. For this 
reason this type of fracture gives good functional result without any attempt being 
made to reduce the displacement or immobilise the fragments, a barrel bandage 
being applied to relieve pain. I f there is loss of bone, circumferential wiring must 
be resorted to in order to maintain the fragments in their correct position and thus 
avoid marked deformity. 

(G) Fractures of the mandible xcith edentulous tnardla. (a) With teeth on 



both fragments. A lower mctal-cap splint is fitted to maintain the fragments in 
their correct position. (6) With teeth on one fragment only. The general principle 
is the same as v hen maxillary teeth are present, except that a vulcanite plate, with 
thick vulcanite blocks to represent the teeth, is mado to fit the maxilla. A lower 
Bictal-cap splint is then fitted to the fragment with teeth present and held in its 
correct position by a barrel bandage against the grooves in the blocks representing 
the maxillary teeth. 

(7) Comminuted fractures. The general principle of treatment for these 
fractures is to immobilise the main fragments to the maxilla in their correct 
position by eyelet wiring or splinting in order to allow the small fragments to unite. 
The mandible has remarkable recuperative power, and if the periosteal sheath is 
stretched out into its correct position the small particles of bone will form new bone 
and so unite the mandible without loss of contour. Immediate sub-mental or 
sub-maxillary drainage is advisable in these cases as a precautionary measure 
against loss of bone through sepsis 

(8) Fractures unth loss of bone in the fractured area. When there is complete 
loss of bone in the fractured area, the fragments must either be allowed to approx- 
imate or be immobilised in their correct positions to await bone graft operation. 
The choice of these procedures depends upon the site of fracture, the amount of 
bone lost, the number of teeth present, and the age of the patient. When the 
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fracture is in the angle or incisor regions considerable nicety of judgment U required. 
If in the former region, there is often considerable loss of bone due either to the 
cause of injury or to resultant sepsis, but advantage may be taken of tbe fact that 
the mam posterior fragment is pulled forwards and upwards by muscular action. 
This movement should be encouraged, and, if necessary, the last upper molar 
tooth extrar ted for this purpose, care being taken that tbe posterior fragment does 
not lose contact with the main fragment. Gaps of A-incli to f-inch may be made 
good 1* t iking advantage of this movement of the posterior fragment. The only 
di'j'lv.'miL'i that mav accrue from this method is loss of contour of the face in 
>’i, . / r. gion and it should consequently not be adopted in patients to whom 
( 7 1 _«- is of primary importance. If the fracture is in the incisor region and 
i 1 ( pundible is edentulous or nearly so, approximation to the extent of J-inch 
. be carried out without any marked loss of function. If, on the other hand, 
•N’re are teeth on the two main fragments and the patient is of suitable age, tbe 
*v.o fragments should be brought into their normal position and immobilised to 
the maxilla to await subsequent bone graft operation. 


OLD FRACTCRES 

Cases often present themselves for treatment of old fractures showing 
(a) Delayed union, ( 6 ) Non-union, or (c) Malunion. 

(«i) Delayed union. This condition is invariably due to sepsis or insufficient 
immobilisation, the former being the thief cause, and is generally the result of a 
tooth or a small sequestrum being left in the line of fracture. Removal of the 
cause and provision of efficient immobilisation will invariably ensure union. 

( 6 ) Non-union. Non-union of mandibular fractures is usually due to ebumation 
of the fractured ends, or to loss of bone due to the injury or subsequent 
sepsis. If from the former cause, a thorough freshening of the ends of 
the fragments, together with efficient splinting, is usually sufficient to 
ensure union, but it may be necessary to add a small piece of fresh bone if the 
space between the two ends warrants such a course being adopted. When 
the non-union i 3 due to lo»s of bone, and the loss is such that approximation of the 
fragments is not indicated, the main fragments must be replaced in their correct 
position by mechanical or surgical means, held in that position for at least six 
months after the last signs of sepsis, and union then obtained by a bone graft 
operation. 

(c) Malunion. When owing to tbe lack of treatment union has taken place 
ma faulty position resultingin xnal-occlusion of the teeth and loss of contour of the 
face the treatment must be directed towards the correction of these faults. If 
the defect is not great, better occlusion of tbe teeth may be obtained by judicious 
grinding or extraction of some of the remaining teeth. If the mal-occlusion is 
gross and the appearance badly affected, re-fracture of the jaw must be resorted to 
and the fragments re-umted in their correct position. If after te-frachtre a bone 

r’ aJ "^ bIe ° mng *° 'o ' 5 ° f >»“'• “e fragments should be itn- 

mobtbjed and held in their correct position until the operation is performed. 
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CHAPTER I 

Disorders of Dentition*— Impactions 

INTRODUCTION 

The teeth, being largely ectodermal structures, and cradled by the jaws for utility 
rather than forming an intrinsic part of them, arc subject to those pathological 
changes of congenital and systemic origin which affect both epiblastic and meso- 
blastic tissues. When ectodermal development is at fault, the teeth themselves 
like the hair and nails are either imperfectly developed or completely absent ; when 
faults arise in skeletal development, the teeth share in the disorder by being mal- 
formed or, if normal, by finding insufficient room in the jaws for proper eruption. 
Lastly, in diseases overcoming the adult skeleton they may become prematurely 
loosened and shed. The following list shows these conditions, which for the most 
part are of pathological interest rather than of practical importance in oral 
surgery and will not again bo referred to : 

(1) Congenital and Dcnlopmaital : Osteogenesis imperfecta, achondroplasia, 
cranio-cleido-dysostosis, dwarfism, cretinism, gigantism, infantilism, progeria, 
congenital ectodermal dysplasia. (2) Xutrittoml : Scurvy, rickets, osteomalacia. 
(3) Endocrine and Systemic: Hyperthyroidism, hypothyroidism, cretinism, 
mj’xcodema, hyperparathyroidism, hypoparathyroidism, thymus deficiency, 
pituitary hyperfunction and hypofunction. (4) Uncertain /Etiology: Paget’s 
disease, osteopetrosis, leontiasis ossea, xanthomatoses, (a) Gaucher’s disease, 
(h) Fick-Xicman’s disease, (c) Sclniller-Christian’s disease. 

THE DECIDUOUS DENTITION 

Dental development in man begins about the 42nd day of intra-uterinc life. 
At birth no portion of the permanent dentition is yet calcified, except the tips of 
the cusps of the first permanent molar. The teeth of the deciduous dentition are 
usually well formed, but gross hypoplasia of the enamel is found in cases of foetal 
rickets. In the teeth the rachitic changes are permanent, even though the corre- 
sponding changes in the bones may disappear and leave no evidence of the 
disease. 

The times of eruption of the deciduous teeth are approximately as follows : 
Central incisors, G months ; Lateral incisors, 9 months ; Canines, 18-24 months ; 
First molars, 12-15 months ; and Second molars, 24r~25 months. 

Both eruption and shedding of the deciduous teeth vary over a wide range in 
children of normal health. Cases are recorded of children bom with one tooth or 
more erupted, and injury to the mother's nipple by this cause during suckling 
may necessitate the provision of a suitable shield or recourse to artificial feeding. 

Disorders Associated with the Deciduous Teeth. 

There has been much difference of opinion as to whether teething produces the 
ailments commonly seen in infants at this period. Whilst “ teething ” is often 
5171 
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u-«d by ignorant mothers to explain purely coincidental illness, it is equally true 
tha t 3 wide range of symptoms, owing their source to the disturbances of digestion 
produced by dentition, are found to resist effective treatment during the cutting 
of a tooth and to clear up spontaneously when the tooth has emerged and oral 
comfort is regained. Furthermore, Still believes that reflex nervous disturbance 
produced by dentition may he the actual cause of twitching, convulsions, coryza 
and transient bronchitis even in healthy children. "While he does not agree with 
tho.e w-n t«‘*d that tt may be a cause of epilepsy, he thinks that it may aggravate 
the- di-f-s* It has been noticed that facial eczeixi3 is liable to exacerbation at 


tt* * , _p*i« n c f each tooth, and that other sldn rashes are apt to appear, (lisa ppear- 
ii -v l> the tooth is fully through the gum. The writer himself has observed the 
L» of a colleague who invariably exhibited an ipsi-lateral patch of herpetic 

-ip'wn on the chin during the cutting of the mandibular teeth, including also 
•h- -lx-vear-old molar. The gums themselves, which are usually swollen and tender, 
are Lable to sepsis if the infant tries to relieve the pain by biting dirty objects, 
and some authonties believe that many of the troubles of dentition could be 
acoided by careful oral hygiene. 

The teeth most commonly causing severe symptoms are the central incuore 


and the molars, of which the latter are often very large teeth. In susceptible 
children it is common for the same prodromal symptoms to herald the eruption 
of a fresh tooth, and the mothers ham to recognise the signs. Although teething 
is a physiological event, prompt surgical intervention will often curtail a bout of 
unpleasant symptoms. There is certainly no dental reason, and there would appear 
to be no other good reason, for not lancing the gum immediately once a tooth 
gives premonitory signs of painful eruption. To delay in doing so is simply to 
prolong the child s sufferings, and to add palliatives or correctives in the form 
of opiates or aperients is merely making matters worse. 

Ianavj the Gum The muco-penosteum m some cases is dense, and its per- 
foration by the crown of the tooth becomes a long and tiresome process. 
Immediate relief is obtained by lancing the taut muco-periosteum, or preferably 
bv removing an elliptical pad of gum from over the tooth so as to expose the crown 
freely ana-sthetic is necessary. The child should be held firmlv by the arms 
and shoulders upon the bp of the nurse in such a wav that the head mav rest on 
the surgeon * knees when he sits opposite her. In this wav complete patrol is 
obtained and the mcreions may be made expeditiously. 

jits of eruption occasionally appear as bluish membranous distensions over 
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surface of the tooth appears through the gum but remains at that level and fails 
to come into occlusion with its opposing tooth (fig. 2859). The molar has in fact 
become impacted under the distal bulge of the anterior tooth and, while so arrested, 
the first permanent molar behind it lias erupted and has swung forward somewhat 
over it. The result is that the tooth is trapped. Sometimes absorption of the roots 
and normal shedding of the arrested temporary molars occurs ; hut at other tiine 3 
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the milk molar is not shed and, remaining at its developmental level, becomes, as 
it were, submerged by the preponderating grow til of alveolus around the permanent 
teeth in front and behind it. Subsequently it is found completely buried in the 
gum with the permanent teeth tilted together over it and its own sueccssional 
tooth impacted against its roots. 

Shedding of the deciduous teeth usually takes place without untoward incidents 
The roots of the milk teeth are absorbed j>an jhissu with the eruption of their 
permanent successors. Xo pain or distress occurs, and the crown of the deciduous 
tooth falls out. If the shed tooth be swallowed, no untoward results ensue ; hut 
a rare, though actual, complication of grave importance arises when a loosened 
front tooth is inhaled. It may drop into the trachea without exciting immediate 
symptoms and the removal of so small and polished an object may prove extremely 
difficult. 

THE PERMANENT DENTITION 

The permanent teeth are laid down and calcified long before their eruption 
through the gum (fig. 28G0). Defects in their formation date, therefore, from 
infancy and early childhood. Soft dark teeth, lacking white enamel, are hereditary 
in certain families. 

The presence of an excessive amount of fluorine in drinking water has been 
shown to cause mottling, but the deciduous teeth are very rarely aflected M a 
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result of ingestion of fluorine by the mother. The mottling, which is endemic in 
certain districts, appears as unsightly white, yellow or brown spots of irregular 
pattern on the enamel. Two other colour variations appear to be well recognised, 
a green colouration due to intense or prolonged jaundice m the newborn, and pink 
teeth in cases of congenital hajmatoporphyrmuria. Absence of vitamin I) at the 
time of formation of the enamel is said to cause defects predisposing to canes. 

Statistics of eruption of the permanent teeth m large numbers of children 
are now available and confirm the findings of earlier observers that dentition in 
general occurs rather sooner in girls than in bovs. but towards adolescence the 
difference becomes less marked. The approximate dates for the permanent 
dentition are as follows : Central inebors. 7-8 years Lateral incisors, 7-8 years ; 
Canines. 10-12 yearn; First premolars, 0-10 vears , Second premolars, 10-11 
years ; First molars, 6 yearn ; Second molars 12 years ; and Third molars, 18-23 
years. 

Normal eruption of the permanent teeth, specially of those which replace 
deciduous predecessors, usually causes no distress at all, but the first and second 
permanent molars, having no forerunners may reproduce in a modified form the 
same troubles which the infant suffered uhen cutting the milk molars. The tooth 
which causes the most discomfort. however is the third molar or wisdom tooth. 

■dnowa/i'es in Numbers — S'tjk rnunicrary Teeth Certain teeth, like the upper 
lateral incisors and the upper wisdom teeth, are subject to extreme diminution in 
size and to congenital absence The mandibular second premolar is also often 
absent, fxmie teeth are also subject to reduplication and fully-formed fourth 
molars are sometimes seen. Fusion of teeth also occurs. 

Supernumerary teeth appear in both dentitions and are sometimes erupted, 
but in the permanent senes they ate more often only partially erupted ot com- 
pletely buried Wide they hat c been found in all parts of the mouth, the common 
sites are in the upper jaw— the premaxilla and the third molar region, and in the 
mandible— near the second premolar and behind the third molar. They vary in 
form from large moderately well formed teeth to nests of fifteen or more tiny 
denticles. Mostly they are small cone-shaped pegs occurring singly or in pairs, 
and are often inverted They are commonly found between and behind or above 
the roots of the central meisors (fig. 2801), and m the cleft in cases of cleft 
palate. In any case of non-eruption of a permanent upper central incisor or of 
an upper wisdom tooth, and sometimes of a lower wisdom tooth, impaction 
against a supernumerary tooth may be suspected 

These adventitious elements are usually free from painful symptoms and are 
found mainly in the course of routine examination. Occasionally, however, 
severe neuralgia is produced by a supernumerary denticle absorbing its way into 
the root of a permanent tooth and exposing the pulp (fig. 2862a). If all the 
normal teeth of the series are present and in good clinical condition, a dental cause 
of the pam may be unsuspected, as happened in the case illustrated, until a 
skia graphic examination is made. Finally, like other buried teeth they may 
become infected and form the seat of tone absorption and may also give rise to 
dentigerous cysts (fig. 2862b). 

Mal-eru prion and Impaction of the Permanent Teeth. 

Mal-eruption or impaction of permanent teeth arises from various causes 
offering mechanical obstruction to normal eruption, such as supernumerary teeth 
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and other adventitious or residual dental masses. The more common cause, 
however, is that of general crowding of the teeth due to insufficient room in the 
alveolar arches and often aggravated by the early loss of 3 deciduous tooth. In 
these circumstances the permanent tooth may become impacted against the roots 
of its neighbour, or become deflected and lie transversely. The teeth most 
commonly impacted (apart from wisdom teeth) are the canines and the second 
premolars, both maxillary and mandibular (fig 2SG3). . These teeth when buried 
do not cause pain or discomfort. Their presence is usually unsuspected unless 
either a tooth is observed to be missing or a follicular (or dentigerous) cyst arises 
to call attention to their existence They may only be discos ered accidentally 
later in adult life during routine X ray examination. Apart from the possibility 
of cyst formation, their importance lies in the danger that they will become infected 
and thus be changed from mere foreign bodies into fertile sources of toxmmia. 
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myelitis of the spinal vertebra? following the extraction of an infected buried 
wisdom tooth 9 months previously in a man of 55 years, and a case of fatal endo- 
carditis consequent upon the disturbance of a similar tooth in a woman of 01 years. 

OPERATIVE TREATMENT OF BURIED TEETH 

The operation for the removal of buried teeth used to be an unsatisfactory 
process of groping and digging. It is now as deliberate and precise as any other 
surgical procedure. The change is due to accurate localising by stereoscopic 
radiography, quiet anesthesia by the intra-tracheal or intravenous route, or by 
premedication and block novocaine, and the use of the aspirator to keep the field 
of operation in full view. Xo two pictures could contrast more strongly than the 
old hit-and-miss methods under open ame&thesia and the present accepted 
standards of modern oral surgery. Although the abundant blood supply of the jaws 
allows the operator to take liberties, and up to a certain point he need not be unduly 
afraid of introducing infection from the surrounding tissues of the mouth or of 
indicting local crushing and bruising, there is no doubt that the wounds of all jaw 
operations made in a scrupulously clean field with freshly sharpened instruments 
by a technique which eliminates blind digging and crushing of tissues heal mom 
quickly and without pain or swelling. If these precautions are carried out, together 
with attention to such details as flusiting the subsequent cavity in the bone to 
return c all loose sequestra and seeing that hemorrhage has ceased before closing 
the wound, it is possible to obtain healing of the incision by first intention with the 
result that many days of needless plugging and irrigation and a great deal of after- 
pain are eliminated. It is impossible to lay too much stress on these facts. Both 
in surgical and in nursing practice, the mere fact that the case is “ dental ” seems 
often to be sufficient reason for refusing the patient the most elementary pre- 
cautions and the simplest consideration, in spite of the excruciating pain which 
dental irritation of the trigeminus is known to excite. In all cases, from the 
extraction of a single tooth to major excisions of bone, the teeth should be 
adequately scaled and polished and the gum-pockets disinfected by a dental 
surgeon before operation. Preliminary antiseptic mouth-washes, especially 
hydrogen peroxide, are useful as adjuncts but arc of poor value compared with 
thorough mechanical cleansing. 

(1) Removal oj Buried Teeth ( apart from Wisdom Teeth) from the Maxilla. 
Except for the third molars, teeth which have failed to erupt in the maxilla 
are mostly found on the palatal side of the dental arch. The patient should 
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be placed recumbent, therefore, vrith the shoulders raised on a hard pillow and the 
head thrown well back, as for tonsillectomy. The surgeon will most conveniently 
operate from behind— Le. over and across the patient s face and, for an expeditious 



operation, two actants are necessary. One of them retracts the flap and aspirates 
the blood from the field and the other delivers blows with a mallet upon the 
chUe! which the surgeon holds in one hand while he steadies the jaw with the other 
(«e fc?. 3fc 61). Some form of head-clamp should be u.«ed instead of sand-bags, which 
are generally nmatis&ctozy (fig. 2S65). An incision is made in the palatal mucosa 
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along the margins of the teeth anil should extend sufficiently far to enable the site 
to be freely exposed. It is a mistake to attempt to operate tlirough a small 
incision. The muco*periostcum is detached and held well back, and the tooth is 
uncovered by chiselling away the bone. It is not usually possible to expose the 
whole of the tooth, and it may be difficult to prise the tooth out of the bone if 
its tip is locked between tho teeth in front of it. In this case it is best to divide 
the buried tooth transversely in two places with a smart blow of the mallet on tho 
chisel or with a dental burr so that, a section having been removed from the middle, 
the two extremities may be delivered through tho space thus made (fig, 286G). 
The wound is thoroughly irrigated with saline to remove debris, bleeding is 
controlled, and the flap is sutured back into place. Pressure is maintained for 
several minutes to prevent excess of blood collecting between the flap and the 
surface of the hone. 

(2) Raiwml of Buried Teeth {ajxirt from ITisdoui Teeth) from the Mandible. 
The lower canine tooth develops to tho outer or labial side of the dental arcade 
and, when buried, is usually found in this position, whereas the second prcmolar 
is for a similar reason mostly found on the inner or lingual aspect of the adjacent 
teeth. The lower canine is cosily removed through an appropriate incision in the 
reflection of the mucous membrane. The incision should be semilunar and convex 
upward towards, but not injuring, the gingiva?. The tooth is usually not entirely 
buried in the bone and its tip may often be seen when the periosteal covering is 
detached. The second prcmolar — unless it is vertically placed, in which case the 
bulge of its crown can generally bo palpated lingually close to the floor of the mouth 
—is mostly buried entirely within the body of the mandible and its removal is 
difficult because access t hrough the mouth is restricted. An incision should be made 
in the buccal sulcus and great care taken to avoid, if possible, severing the labial 
branches of the mandibular nerve when thesoft tissursarc detached from the surfaco 
of the bone. Suitable retraction is made, and the overlying bone chiselled away or 
burred oil with a drill. The tooth is removed whole or piecemeal according to the 
circumstances, and thccavity and wound aretreated appropriately. In exceptional 
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cases this tooth is situated so close to the lower border of the mandible as to make 
access to it more easy through an external incision. 

Even when vertically placed, the buried second promoter may present 
diffic ulty in being removed without injury to the adjacent teeth, for it is often 
not accessible to dental forceps. The procedure in these cases is to make a pre- 
lunmary vertical incision in the lingual mucosa over the crown and to remove as 
much of the t friw overlying bone as is possible upon this aspect. A vertical incision 
in the muco-penosteum is now made on the buccal side over the long axis of the 
tooth, and a sharply-pointed instrument is driven inwards upon its root by means 
of a mallet until it is felt to engage the tooth, and then upwards so that the point 
of the instrument, impinging upon the tooth, carries it out of its socket through 
the lingual incision (see fig. 2887) 

(3) Consenatiee Operations upon Buried Teeth as an aid to Orthodontic 
Treatment. In estimating the advisability of removing from a young subject a 
well-formed and possibly useful tooth, before ruthlessly extirpating it the surgeon 
is advised to consult with the dental surgeon, for it is known that, if sufficient room 
in the contracted arch be provided for them by orthodontic expansion and their 
crowns be sufficiently freed from ov crlying bone, teeth, even w hen completely buried 
and seemingly badly displaced, will turn and erupt in adolescents in a remarkable 
fashion, like the pcemolars shown in figures 2807a and c. Another typical case 
is that of a buried central incisor impacted against a supernumerary tooth. After 
the obstructing supernumerary has been extracted, the crown (only) of the incisor 
may be carefully freed from bone and the case banded over to a dental surgeon for 
orthodontic treatment. If this operation is performed during the period of eruptive 
activity, an incisor so freed will move spontaneously towards its proper position, 
provided that treatment by an expansion plate or other device is first employed to 
make sufficient room for it between the adjacent teeth of the gap (fig. 28686). In 
older subjects, traction might be necessary to draw the tooth into position. After 
the twenty-fifth year the regenerative power of the alveolar bone around a 
translated tooth diminishes progressively and. the possibility of infection increases, 
so that it is doubtful if after this age the procedure is justified. 

An unexpected but common cause of deflection of the mandibular premolars is 
in paction against the ov erlying cortex of the bone when this has become condensed 
ow mg to the early loss of t he deciduous predecessors through extraction necessitated 
by canes (fig. 2808). In these cases the bone of the deciduous sockets is apt to 
consolidate too heavily to allow the permanent tooth to emerge, even where there 
is room for it, and, following the line of least resistance, the tooth becomes directed 
into the medullary space and may be found lying transversely, either forwards or 
backwards, as shown m the illustrations. A satisfactory prophylactic operation 
in the adolescent is to remove the overlying bone and expose the crown. Like the 
upper incisor already described, the tooth, when freed, if within the eruptive 
period, will rotate spontaneously and erupt normally in the arch. 

IMPACTED THIRD MOLARS 

The Worn teeth, being the lest teeth to erupt, ate necessarily the ones which 
are most commonly affected by under-*, etopment of the jaws or by premature 
arrest of norma! skeletal growth. Hunter, Tomes, and more recent authorities 
like Brash and also Smjth and Young have shown that from birth, or shortly 
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after, there Is no appreciable interstitial growth of the alveolar arches for the 
reception of the successional teeth ; there is only a lengthening posteriorly to 
accommodate the permanent molars, which accompanies a downward and forward 
growth of the lower face. Many patients show gre>S3 overcrowding and narrowness 
anteriorly, but posteriorly sufficient length has developed to allow complete 
eruption of the wisdom teeth. On the other hand, many others have a reason- 
ably broad arch anteriorly and no exee^ive crowding or overlapping, but there is 
insufficient length at the back to receive the third molars, which remain in their 
developmental position or become deflected through their own eruptive activity. 

The lesions associated with, or referable to, mal-erupted and buried wisdom 
teeth are remarkable both for tbeir tanety and their severity. In a compre- 
hensive study the writer collect'd from private sources 311 case-reports of com- 
plications and accidents relating to these teeth, and set them side by side for 
comparison with an even number taken without selection from recent literature. 
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The C 22 reports were carefully analysed and the results collected into a table. The 
symptoms were seen to be broadly divided into : (1) those attributable to pressure 
of the misplaced wisdom tooth upon the tooth in front or upon adjacent nerve- 
endup or bundles , (2) those due to infection or to cjstic distension of the 
™“ K e • and following untimely or unskilful operative interference. 

The remote effects were of interest, particularly where sub-liminal irritation had 
resulted m herpes, or in epilepsy or vaguer disturbances in mentality and 
diiposition. 

The Upper Wisdom ToUh. 

The upper wisdom tooth, like all the permanent molars successively, is 
devdoped u a crypt high np in the antral wall on the posterior aspect of the maxilla. 
In its normal developmental attitude its occlusal surface faces directly backwards 
and somewhat outwards. Mien its eruption is prevented, it is commonly found, 
fully-developed, m this attitude ; but it may, and often does, assume a variety of 
positions (fig 2869). Sometimes it is found directed obliquelv forwards, its crown 
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impinging upon and aWorbing its way into the roots of the second molar. This is 
a cause of severe neuralgia of obscure origin (fig. 2870). At other times it may be 
found directed horizontally outwards, its roots in contact with or embraced by 
those of the adjacent molar with which it may in fact be fused (fig. 2871). Again, 
it maybe found iuverted, its crown pointing upwards towards the floor of the orbit. 
Lastly, it may be found bulging into the antral sinus ; and, if it becomes infected, 
it may bo responsible for chronic sepsis of this cavity. 

For the most part the unerupted upper wisdom tooth does not cause symptoms, 
one reason being that it does not suffer from the condition of partial eruption which 
makes the lower wisdom tooth such a fruitful source of severe and sometimes 
gtave illness. The upper wisdom tooth is usually cither fully erupted or completely 
buried. Nevertheless, some distressing lesions and fatal infections have been 
recorded. Moreover, like all other buried teeth, unerupted upper wisdom 
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teeth arc susceptible to follicular distension, and the cyst so formed may occlude 
the greater portion of the antrum before it is discovered. 

fernowl of o buried upper icisdoin tooth is most easily accomplished through 
an oblique incision in the buccal sulcus above and behind the roots of the second 
molar. The mouth should be maintained as closed as possible to avoid the inter- 
ference which is otherwise caused by the ascending ramus when the mouth is 
gagged open. The covering of bone is removed from the outer aspect of the 
maxillary tuberosity and posterior antral wall sufficiently to allow a curved 
pointed instrument or a thin periosteal elevator to be inserted between the crown 
of the wisdom tooth and the socket of the adjacent tooth. The attachment of the 
upper wisdom tooth is usually trivial and the bone is sufficiently thin to offer 
little resistance once an instrument has been inserted. The risk is that the tooth 
may be pushed out of its socket and be lost in the soft tissue of the spheno- 
maxillary fossa. During the process of removal, once it is loose, the tooth 
should be kept under control until it is ultimately delivered through the orifice 
of the wound. The incision need not be sutured, asit heals readily by first intention. 
When acute suppuration is present, drainage is essential, but in these cases the 
risk of spreading the sepsis further afield should preclude any attempts to extract 
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the tooth. The pus only should be evaciutcd and the tootli left for subsequent 
removal when quiescence has been restored. 

The Lower Wisdom Tooth. 

Owing to the difficulty which the lower third molar has in erupting to its 
proper place in the dental arcade, it usually causes more trouble to its possessor 
than all the other teeth in the mouth put together. A study of developmental 
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molar, maio-oblique impaction, or even lying quite horizontally facing forwards, 
horizontal impaction. Growth of the jaws in nun appears to be independent of, 
and not proportionate to, the size of the teeth, and molar crowding occurs because 
the lack of forward development of the snout has not been accompanied by a 
proportionate diminution in t he antero-postcrior diameters of the teeth. Crowding 
naturally affects most the tooth which comes last through the gum — i.e. the third 
molar (fig. 2872). Sometimes development is so deficient that both the second and 
third molars become mutually impacted and buried (fig. 2873). 

In other cases the tooth succeeds in finding room for its rotation to the vertical 
position but is unable to obtain sufficient room for the whole of its antero- posterior 
diameter between the second molar and the ascending ramus of the mandible. 
In these cases the condition of vertical or coronoid impaction is found, the tooth 
being perfectly placed but more or less of its occlusal surface lying within the 
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coronoid process. A variant of this form of impaction is seen when the tooth 
manages to clear the anterior edge of the bone, but docs not succeed in emerging 
fully from the fold of mucous membrane which covers the anterior border of the 
coronoid. This is sometimes described as “ soft-tissue impaction.” The posterior 
cusps lie hidden under the fold which forms a hood, appropriately termed by 
French writers the capuchon. Underneath this hood is an ideal nidus for bacterial 
growth. The space is approached from the mouth along the occlusal surface, 
but is very badly drained- Here organisms collect, setting up a variety of septic 
troubles, many of which may come to the general surgeon before their dental 
origin is realised. 

The lower wisdom tooth, however, is not always tucked in behind the second 
molar. It may be far removed from its normal site, and the fact that it does not 
appear in a gi\en set of dental films does not necessarily mean that it is congenit- 
ally absent. Cases are seen where the tooth is situated either close to the sigmoid 
notch or displaced to the lower border near the angle. These teeth mostly attract 
attention by producing swelling of the cheek owing to cystic distension or sepsis 
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of their follicles, anil the lesions may be mistaken for pathological conditions of 
the parotid gland. One remarkable case in which the wisdom tooth was overlooked 
in this way occurred in a case of intractable and almost fatal asthma, from which 
the patient recovered when the peccant tooth had been discovered and removed. 
Although it is possible to reach some of these deeply placed teeth by the oral 
route, drainage is more effectively established and the removal more easily and 
expeditiously accomplished by a suitable external incision which must, of course, 
he planned to avoid branches of the facial nerve. In rare instances the mandibular 
wisdom tooth may erupt with its crown directed horizontally, through the 
external plate of the mandible and eventually, through suppuration in its follicle, 
perforate the skin of the face 


OPERATIVE TREATMENT OF IMPACTED LOWER THIRD MOLAR TEET1I 
(l) During Acute Infection 

The third molar should never lie extracted when sepsis is fulminating under 
the capuchon It is highh dangi rou- to open up a raw area at a time when such 
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be used and all bruising and crushing must be avoided. Most cases of post- 
operative pain, swelling and trismus are due to the trauma of a clumsy operation 
and to inattention to pre-operative sanitation of the denture and lack of operative 
asepsis. 

There arc several methods of effecting delivery of the impacted wisdom tooth 
from the confined region in which it is situated, and all surgeons who are accus- 
tomed to deal w ith these cases have their own particular modifications in technique 



and their individual patterns of instruments. The operation is not always a diffi- 
cult one, but it is commonly made so by the absence of proper diagnostic skia- 
grams — taken stereoscopically and in several directions if need be — and by the 
surgeon’s unfamiliarity with the mechanics of delivery in a given case, which 
only a study of the formation, shape and direction of the roots and a precise 
knowledge of their local anatomy can correct. Winter has shown that each 
type of impaction has characteristic features, and that the most expeditious 
method of removing an impacted tooth is only to be learnt by* a detailed study 
of dry specimens, so that the surgeon may know where bone is most profitably 
removed and in which direction, and how, according to the attitude of the tooth 
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ami the shape and direction of its roots, elevation from its socket is most easily 
achieved. Given this precise knowledge much fruitless chiselling and prising is 
eliminated. Some surgeons remote a large amount of bone from the huecal and 
posterior aspects in order to allow an easy passage for the whole tooth, and some 
advocate excising the lingual piste The writer prefers mostly to take away a 
modicum of bone and to extract the tooth, in several pieces if necessary, after 
cleaving it with a chiael or severing it with a burr run in a dental e ngine . Cleaving 
a molar is a knack : the surgeon directs the chi*el whilst he steadies the jaw with 
his other hand. a crn-p tap is given to its butt by a practised assistant. The 
crown is severed transversely in most cases and the roots are then divided and 
drawn mto the space provided (sf e fig 2t>75) The socket is flushed with saline to 
remove all debris. The preference for this method of operation lies in the fact that it 
\s peculiarly non-traunutic and swifter than grinding the tooth with a dental engine, 
besides being more convenient Chi-do are light to transport, easily sterilised, 
and delicate to control. A dental engine is the reverse. However, discrimination 
js necessary ; all cases are not su.table for this technique of cleaving, especially 
where the jaw itself as m old people, is likely to be fragile. 

In clean cases healing u expedited by suturing the flaps. The more septic 
cases benefit by light plugging with gauze soaked in a crifla vine-paraffin emulsion. 
"When marked sclerosis is present, as in some patients over middle age, the risk of 
sub-acute osteomyelitis and pathological fracture should be remembered. These 
cases are better treated by plugging the orifice, for several weeks if necessary, 
until healthy granulations sufficiently fill up from the bottom. 

(3) Poti-Operalwe Sequela >f Iwf acted Lcicir I Thdcm Teeth. 

The operative accident and the poot-operative comph'cation are perhaps more 
likely to come under the general surgeon’s care than the actual removal of the 
average impacted lower wisdom tooth. In the 622 cases analysed there were 
23 cases of traumatic fracture of the jaw during attempts to remove the tooth. 
There were 11 cases of pathological fracture following osteomyelitis of the socket 



T<1 i»T« 




TEETII 


5189 


after extraction. There were 8 cases where tire tooth was lost in the soft tissues 
after hern" dislodged from tho socket ; with one exception, where displacement 
took iilace°to the outer side, the track was oil tho inner side in the lax tissue i deep 
^ . • ;n,,_ WTien the extraction hail been conducted under mtr 

^^ntUiontei^to^^h^ 

[Cugh Otherwise 1 tadsionT the floor of the mouth or 

II— 

eases arose through the operator, in . id ^ 

W — -■ 

the fulminating condition has subsided. . tooth which is apt to 

There is also a type of lesion of the impacted low erwisd nvn ,. r t attempts 

he followed by the most serious Culmination ; this .^‘treseencc of the 

to extract the tooth, or destruction by condition is that tho 

pulp and tho apex has become infected. Tho g . > attachment 

apex of the lower third molar is often situated be ow Sop5i3 

of the mylo-hyoid ridge and is barely co ' c ^ > directly into the dccl>cr fascial 
breaks easily through this tlun harrier and tacU dire > ^ md dja . 

planes. If, however, the cortex of the nun » c ac utc osteoiny- 

cliargc of pus docs not take place readily up ie s , closely resemble 

clitis may easily subvene. The tZE outage, and 

those of follicular suppuration when both conditions are 

differentiation between them is of diagnostic in 

treat acute sepsis of the foUielc by lancing and apical 

order to gain quiescence before extracting the too , .. delay. In the 

suppuration it is urgent to remove the tooth with the — Action until 

first instance, for reasons already given, it is esira instance the infective 

the acute symptoms have subsided; but m ic sc discharge of pus from 

agent is the tooth itself which also acts as a p ug aga expected to confirm 

within the interior of the bone. A skiagram dependent, linage is 

the diagnosis is essential. Owing to the soc « ^ Counter-drainage 

difficult but may be facilitated by excising c ° ' in f ec tion shows 

below the angle of the jaw should be qmckly established if 
signs of spreading beyond control (see fig- 281 )- 

Injury to the Mandibular and Lhigml MW®- coatained neuxo-vascular 
The proximity of the mandibular . re( j unnecessary after- 
bundle commands consideration if the pa ien is me s i,j e 0 f the lower lip. 

pain or the possibility of permanent numbness of the same 



5190 


POST-GRADUATE SURGERY 

JIaay ca.es a™ on .econl where the roots of the third molar laid developed to as 
partially or entirely to cmbiate this canal, and the extracted tooth has accordingly 
shown a groov e or a foramen. If the latter, rupture of the nerve was inevitable 
when the tooth was extracted ; in cases where the root is grooved only, delicate 
handling may preserve the nerve from injury. When a third molar is obliquely 
impacted and has to be forced backwards after it has been uncovered m order to 
disengage it from the posterior aspect of the molar in front of it, there is grave 
nsU not only of crushing the nerve and so producing temporary numbness of the 
lip, but also of admitting infection from the socket into the inandibular canal 
through a breach in the wall and thus initiating a septic neuritis. Much of the 
severe pam following otherwise successful operations upon the lower wisdom 
tooth appears to be due to this cause, aggravated by inattention to proper pre- 
operative preparation. The method of severing the tooth and withdrawing its 
component parts would appear to offer more protection to this structure than 
endeavouring to remove the tooth whole. The lingual branch of the third division 
usually escapes injury, but in some cases when the jaw is short and the buried 
third ruolar is consequently placed relatively far back or deeply, or when excision 
of the Ungual plate is not carefully performed, the nerve may be cut and hemi- 
anffstliesia of the tongue result. 

With the exception of haemorrhage, the remaining post- operative complica- 
tions are due solely to inexpertness or injudicious force on the part of the operator. 
These include breaking the third molar and leaving behind fragments, with conse- 
quent pain and suppuration later on ; breaking the crown of the second molar 
when leverage has been used agamst it and exposing its " pulp ” ; and breaking an 
instrument, such as a chisel or elevator, and leaving tho fragment wedged in the 
bone, or a hypodermic needle when regional novocainc ba3 been used. As previously 
mentioned, mandibles have been broken and dislocated. Wisdom teeth have been 
dislodged from their sockets and pushed into the soft tissues on the inner or the 
outer face of the mandible, and in this connection it should be remembered that 
the apex of a broken third molar tooth may be pushed easily through the internal 
plate when this is thin, and disappear into the lax tissue with unpleasant sequehe. 
It must be admitted, however, that, common as these accidents are, they are all 
avoidable and would not occur if the cases were regarded as major operations and 
conducted under the same conditions of anesthesia, visibility of field, and deliber- 
ateness of attack as any other operation. 

(4) Prophylactic ( Surgical ) Treatment of Impaction of Lower Wisdom Teeth. 

The danger to life, health and comfort of an impacted wisdom tooth is so great 
that it should, when possible, be removed before it is completely formed, at a time 
when the operation is simple and safe. Other prophylactic measures, such as 
extraction of an anterior tooth, will often enable a third molar to come into good 
position in a crowded month and are advocated when it is not possible to take out 
the wisdom tooth itself ; but sometimes the tooth is so badly placed that it has 
no chance at all of erupting normally. Since there is a definite mortality associated 
with these impactions, every child ought to be radiographed between tho ages of 
seven to ten and at yearly intervals afterwards in order to watch the development 
of the third molars. The occlusal surface appears to form on an average between 
the ages of seven and eight and it seems reasonably possible at this timeto forecast 
the probability of impaction. If it is proposed to remove the wisdom tooth, 
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operation should not he delayed later than the early stage of calcification. At 41m 
period the tooth germ lies in a crypt, which is open on the surface of the hone 
L 2877) ami is easily enucleated. It is convenient to operate under intra- 
tracheal anicstheaia and , as absolute ase 1M isis i mperative, patients should bow anled. 

\Vhh°thc^liioutlTopcn and suitable retractors in place, the vastibulum of the 
cheek is stretched so as to bring the ascending ramus into prominence. To eilcct 
this a rounded retractor (such as a Frankel tongue depressor) or the forefinger 
is pushed backivanls along the buccal sulcus in the mouth to the lout er sldooft ho 
ascending ramus. A vertical, slightly curved incision is then made, beginning m 
front at the posterior limit of the tight pad of gum winch overhes thc jcond mota 
and extending for 2-inch upwards. The convexity of the curve should be towards 
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Advantages. The operation, is quickly and easily performed. Although the 
tidying up, if scrupulously done, may take several minutes, the actual removal of 
the tooth germ should not exceed a minute, and the procedure contrasts, therefore, 
most favourably with the difficulty of extracting the same tooth when the whole 
crown is formed, and still more when it is deeply buried or horizontally placed with 
divergent curving roots. The trauma is less and the patient benefits by losing the 
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tooth before infection lias crept in, at a time also when tho bone is soft and healing 
is rapid. Instead of a socket which may take six weeks to heal and give trouble 
and inconvenience meanwhile, the incision of this operation heals by first intention 
and the crypt is quickly obliterated. There is no disability and the patients are 
allowed up on the following day. I have now completed seventy cases with no 
untoward results and without an anxious moment (fig. 2879). 
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JiiranfajM. The operation is quickly and easily performed. Although the 
tidying up, if scrupulously done, may take several minutes, the actual removal of 
the tooth germ should not exceed a minute, and the procedure contrasts, therefore, 
moat favourably with the difficulty of extracting the same tooth when the whole 
crown is formed, and still more when it is deeply buried or horizontally placed with 
divergent curving roots. The trauma is Ics3 and the patient benefits by losing the 
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tooth before infection lias crept in, at a time also when the bone is soft and healing 
is rapid. Instead of a socket which may take six weeks to heal and give trouble 
and inconvenience meanwhile, the incision of this operation heals by first intention 
and the crypt is quickly obliterated. There is no disability and the patients are 
allowed up on the following day. I have now completed seventy cases with no 
untoward results and without an anxious moment (fig. 2879). 
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CHAPTER II 


Injuries and Diseases ok the Teeth 

INJURIES OK TUB TEETH 

Traumatic violence, whether directly Applied to the teeth themselves or due to 
a blow on the jaw or to the jar of a fall, may result in concussion, fracture, or 
dislocation of one or more teeth. In concussion the tooth is driven into its socket, 
tho periodontal membrane is crushed and inflammation may be initiated in the 
pulp. Teeth which arc damaged by forcibly opening the jaws with a gag or by the 
patient’s biting upon something hard often show- concussion. If tho tooth remains 
alive it i» tender to bite upon, owing to clironio periodontitis, and it may be unduly 
sensitive to heat and cold. The symptoms often persist indefinitely and extrac- 
tion may be ultimately necessary for relief. A form of dental cyst sometimes 
found in the lower incisor region is initiated by a blow and is termed by some 
writers “ traumatic cyst.” Injury to thc'vascular supply or inflammation of the 
pulp, however, more commonly happens. Degeneration sets in and the tooth, 
whilst it may recover from the initial concussion, loses its transluccncy and 
ultimately turns dark. The pulp should be removed before it becomes septic and 
apical infection supervenes, or the tooth should be extracted. 

Fracture of the tooth, although seen in adults in severe accidents, most usually 
occurs in children whilst romping or playing games, especially if the central 
incisors are prominent. Sometimes tho tooth is broken transversely across the 
crown but more commonly a comer is broken off. Provided the pulp is not injured 
and degeneration due to the concussion docs not set in, the tooth may be preserved 
and ultimately restored with an inlay or a porcelain jacket-crown. If the pulp 
is exposed, its repair ia improbable and it should be extirpated and the root canal 
filled. If, however, radiographs show the apex of the root to be still patent, 
filling the canal cannot bo successful and the tooth must lie extracted. The 
apex closes about two years after eruption of the crown. The gap left by an 
upper incisor tooth so extracted in children should bo maintained by a suitable 
dental appliance until an artificial tooth can be fitted ; otherwise it partially closes 
with unsightly consequences. Aseptic fracture of a tooth deep in the socket is 
also known, and regeneration of dental repair tissuo and healing sometimes occur. 
Teeth fractured in this way need not be extracted without first giving them a 
chance of recovery by immobilising them with a cast metal splint. 

Dislocation of a tooth from its socket may be partial or complete. When tbo 
dislocation is partial, the tooth and the supporting alveolus should be pressed back 
into position and rest procured either by ligaturing with silk or wire or, better, 
by cementing upon it and the neighbouring teeth a cast metal splint, which can 
be made rapidly from a plaster model. The splint should remain in place for a 
month or six weeks. When it is removed, the tooth should be tested for vitality 
and treated accordingly. Complete dislocation occurs more commonly in the 
5195 



3196 


POST-GRADUATE SURGERY 

playin'* field or in an automobile accident, and cases are known where the tooth 
lias been recovered, washed in mild antiseptic lotion, and reinserted in the socket. 
• fWImw has taken, place and these teeth have lasted as long as twenty years. 
Vitality of the pulp is said sometimes to he re-established, but the chances arc 
unlikely, and since the risk of inoculation w ith tetanus or other gravely pathogenic 
organisms is always present, it seems wiser to effect a proper sterilisation of the 
tooth and to fill its pulp canal before replanting it. In all these cases, however, 
the undesirability of retaining a dead tooth should be given consideration. 

A type of semi-dislocation of developing teeth in their crypts is found to occur 
during operations upon the infantile jaws Sometimes the teeth arc pushed inwards 
upon the soft ana yielding dentine papilla, and unles3the crown recovers its posi- 
tion it forms a dwarfed deformed tooth which fails to erupt or may become an 
odontomc. Sinularly, by the rough extraction of the deciduous teeth, sharp 
twists and bends may be caused in the permanent teeth which interfere subse- 
quently with their proper eruption Cases arc on record also in which a molar 
has been badly displaced from its normal site by tiaumatio interference with its 
germ or follicle during an operation for sequestrectomy following osteomyelitis 
of the mandible. 

Attrition and Abrasion 

Of the “ natural " injuries to the teeth which are responsible for pathological 
changes, attrition and abrasion may he mentioned. Attrition is the wearing 
down of the teeth by the effect of mastication, especially in races where the diet 
is coarse. It is rarely seen m the more effete communities. In its grosser degree, 
os seen m aboriginal and archaic skulls, the teeth, especially the molars, have 
been worn down more rapidly than the dental pulps could lay down secondary 
dentine as a protection The pulps base become exposed and infected and dento- 
olveolar abscesses like those produced by caries, have formed. Similarly, exces- 
sive abrasion due to a gritty dentifrice may destroy the labial surfaces of the 
teeth Oneo the hard protective layer of enamel is worn through, the destruction 
is rapid and i \po*ure of the pulp with abscess formation may occur unless a 
protec tise layer of seeondary dentine is laid down sufficiently quickly. In civilised 
races gross destruction by either attrition or abrasion is rarely seen ; but cases 
have been seen in which injudicious gripping upon the stem of a tobacco pipe or 
the excess ne use of a tooth-brush m a faulty direction lias become responsible 
for the death and infection of a tooth and this has given rise to severe secondary 
infection clsew here in the host. 

CAIUES 

.Etiology and Predisposing Effects of Undcanliness in the Mouth. 

IVhtlc in certain subjects over middle age low grade infection of the jaws may 
be associated with a clean set of teeth, it is certain that oral uncleaulincss is always 
associated with disease of the teeth and gums. Indeed it might be said that, in 
spite of a variety of other causes and predisposing factors presenting complicated 
biochemical problems, in the majority of people health of the teeth and gums is 
directly proportional to the degree of perfection attained in oral hygiene. When- 
ever food stagnates in the mouth, pabulum is provided for bacterial growth, and 
invasion of the subjacent tissue— he it tooth or gingival crevice— results. A 
number of factors determine whether the damage done by the stagnation is to 
the enamel of the tooth, leading to caries, or to the tissues around the tooth, 
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producing periodontitis or parodontosis. Often both ore present. For example 
a child who, having had previously entirely clean teeth, goes away to school and 
neglects to clean them properly, shows in a few weeks the traces of his neglect. 
He acquires a lodgment of glutinous starchy debris in the gmg.val crevices of the 
unbrushed teeth and extending on to the surface of the enamel and into the 
inter-dental clefts. At first no damage is apparent, but continued stagnation with 
the inevitable fermentation and putrefaction leads to carious decalcification of the 
enamel and to chronic infection of the gum margin, which is seen to be infected 
and swollen. Wien the debris is cleaned away, the enamel underneath appears 
as an opaque white patch which later on either progresses to a carious cavity or 
remains as a disfiguring brown mark. . , 

Dental caries, as such, docs not greatly concern the general surgeon , but the 
effects of decay may have both a causative and an aggravating relation to lesions 
in other parts of the body. The causation of carles is not fu ly understood B 
important work has recently been done indicating that if the enamel is properly 
laitTdown at the time of formation of the tooth no amount of subsequen i insuU 
to its surface will set up decay. The laying down of enamel, as of other ■ 
tissues, appears to be dependent on the proper func lonmg of l = P^ h >™ d 
glands, an adequate supply of vitamin D, and a , luffi, nency of cal. m and ph°s 
phorus in the blood at the material time. It w held that if adequate supp 
vitamin D arc provided for the pregttant woman (when the temporal 
being formed) and for the infant and young child, the enamel wd 1 be p P 7 
laid down and decay prevented. It is even maintained that .the mc.de. co ofcanes 
can he reduced in adult life if there is plenty of vitamin D in the dub T nr 
is still subjivlicc, as is also that of the protective value of adso.pt 
which, it has been suggested, hardens the teeth or in some other way makes them 

thcpScal point of view in general surgery, however, th< ; remains 
that stagnation of food on the teeth inevitably leads to canes. Apart ifromthe 
places of contact by artificial appliances, tbe common Bites for „ 

are around the necks of the teeth a. the junction with the gum., ,m the mto 
dental spaces and in the deep crevices and pits of the occlusal urfaces and 
these are the points of incipient decay. " Frophylact.c odoatotomy .s atom 
which has been used to describe the drilliag-out and fffllng o ttoe dcep farc. 
and pits before decay has set in and this, along with the msMutlon of a i P»P r 
method of cleaning, is a valuahlc measure in preventive denary. 
small carious patches, if neglected, springs the ultimate menace o cvhich 

Any artificial appliance, from a partial denture to an artificial obturator, wteh 
depends for its stability upon contact with the teeth is a pre P ^ 
Appliances of this kind as well as the natural teeth suppo g g en tal 

brushed regularly after food, and the inter- dental spaces deone “ j f 
tape. The artificial contrivance should, if possible, he left 
half an hour or so after meals to permit the solution of residual debris by 

teeth and gingivitis of the segment of the gums so exposed. The habit pp 
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Pul pttw ami DenttHtnolar Abscess. 

When caries reaches the pulp, or when the pulp is otherwise injured by 
trauma, aiv inflammatory react ton takes place and leads to self-strangulation of the 
vascular supply. When tho reaction is acute, pulpitis gives xj.se to the familiar 
symptoms of raging toothache of the sharp lancinating type and spreading to the 
whole distribution of the trigeminal nerve. Immediate relief is given hy extraction, 
or by release of intra-dental pressure by removing with a dental excavator the 
covering of decayed dentine so as to expose tho pulp cavity. Anodynes, such as 
oil of cloves and carbol-cugenol, arc of no use in these acute conditions. They are 
only suitable to cover an exposed but quiescent pulp winch requires temporary 
protection from externa) stimuli. 

Instead of acute inftumnntiou of the pulp, especially under a filling, there 
may be a sub-acute decomposition giving rise to intermittent bouts of severe 
odontalgia which are Usually initiated by eating or drinking too hot or too 
cold food. Tho bouts tend to become more severe, moro widespread and more 
frequent, and the patient avoids taking anything into the mouth that is not at 
body heat. If the tooth is not extracted or cleaned out and rendered sanitary, 
infection from tho putrescent pulp pns&cs through the apex into tho alveolar bone 
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of the socket. Here again the reaction may be acute or chronic. Before suppura- 
tion occurs in the bone there is a stage of periodontitis. Swelling of the peri- 
odontal membrane lifts the tooth out of its socket slightly above its neighbours so 
that it meets the opposite jaw first. It is a little loose and very tender to pressure. 
It does not react to thermal changes although heat may increase slightly a residual 
pulpitis. 

Eventually the sepsis spreads to the bone, either as an acute fulminating 
abscess with the classical signs and symptoms, or as an insidious painless chronic 
infection not giving rise to any symptoms and only discoverable skiagraphically. 
In young people, the tendency is towards the formation of the familiar chronic 
abscess which, as a little yellow pus-containing sac, often comes away adhering 
to the fang of the tooth In older people, the tendency is rather towards the 
formation of a granuloma which is apparently due to, and indicative of, a less 
effective response Clinical dental experience also seems to confirm that a tooth 
which shows on the skiagram with a clearly defined walled-in area (see fig. 2880a, 
b and c) usually contains an abscess sac and is less harmful than one showing an 
area with a hazy ill-defined outline which is characteristic of the granuloma 
(see fig 2880d) An alvw css sac once foirned tends to remain the same size until 
specific resistance breaks down entirely (see fig. 28806 and c). A granuloma, if 
anything, tends towards gradual enlargement. From a surgical point of view 
the sac of the chronic abaters being of fibrous tissue, is usually strong enough to 
come away with the tooth The granuloma, on the other hand, is friable and, if 
at all large, tors from the apex of the tooth and is left belund. Patients having 
granulomat.i art mostly m a state of chronic lowered resistance and have in- 
sufficient it ..lion to eradicate the infective mass which may persist after the 
infection as a„ irea of residual focal infection. When such a tooth is extracted, 
the ape\ o| the socket should be opened up and curetted to remove the 
granulomatous material 

Tipatwcul of Acute Bento-ahcolar Abscess 


\s aheady indicated, there is a fundamental difference between the pathology 
o( uuto dcnto-alvcolar abscess of apical origin and the peri-coronal abscess of 
an impacted lower wisdom tooth due to infection under the capuchon, and treat- 
Ml', 1 Sh °“ d "“ UfW ““"“ugly. In the wisdom tooth the sepsis is in the 

. i “r e Cr °' T J 1 ’ an< * ^ ur “g fulminating stage a simple incision to 

establish drainage is preferable to removing the tooth, an operation which is often 

“n U s Ltf m ‘“™ atic - In °f a dento-alveolar abscess the 

of the rouir T 1 ' 1,”?’ tbe P">P ° f is °rigin 

ing of ° °° th “ T‘ Uj ' f °“ ,J l ° b “ 1 °°so “ through soften- 

efcted an 1 i CK ' M ' m " " 0stl )' » s! “>ple nutter and may bo 

supplementary St In t f ° 

,le , ■“ « -*• ^oom E “™ ,o r c r, e b° 3 

nen-ea“d,tt ™'' m I“ rt “‘ atroctures euch a, branches of the facial 
Xtam d fill “d o? I " “ P 0 " 3 * 1 1,0 maJ « “ <l™ction of the 

left r„ 1 ha t0 , b ,“ But the tooth must not be 

eit. To me , .0 the abscess e«mnally and leave the tooth gives rise to a chronically 
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discharging sinus with considerable cicatrisation and dimpling of the scar due to 
its adherence to the bone. 

Treatment of Chronic Ajncal Abscess and Granuloma — Apiceelomy. 

The treatment of granuloma and chronic abscess of the dental apex is neces- 
sarily radical if it is to conform with the accepted standards of modem 
surgery. There is obviously everything to Ikj gained by the early and complete 
elimination of infection from the bone around the apex of the affected tooth 
lwfore the infection has become established in sclerotic loculi and while the 
patient’s resistance is still sufficiently good to eradicate the residuum. Xo 
treatment of the tooth short of its complete removal can, as yet, guarantee 
its successful sterilisation and that of the surrounding bone. In all cases, 
therefore, immediate extraction is advocated. 

Conservative treatment, while not advisable, is sometimes demanded by the 
patient for a conspicuous front tooth and in certain circumstances the operation 
of apiccctomy may bo expedient. Tho first step is the sterilisation of the interior 



f\g. CSSI.—Miccctomi. St*act or ortniTios. 

(a) Muco-prrioatcU flaji turned up and root »pei expuicd. 

(t) Cleannco uJ peri (picul <.»nty 
(e) Kxciiioa of projecting •!«. 

of the pulp-chamber, which is ultimately filled with non- irritating antiseptic 
root-canal filling which must occlude the spaces within the tooth and be tolerated 
by the soft tissues of the socket into which the apical foramina lead. The interior 
of the tooth may be sterilised by chemical antiseptics, by ionisation or by 
diathermy, and the pulp canal should not be filled permanently until a sterile 
paper point, scaled and left in the canal for forty-eight hours, is shown to produce 
no growth upon culturing. Subsequent radiographs commonly show osteogenesis 
and obliteration of the rarefied apical area after successful treatment upon these 
lines, and surgical intervention may in fact become unnecessary. Ultra-violet 
radiation with the Kromayer lamp appears to be a valuable adjuvant. 

If, however, the area is encysted and cannot be obliterated by this preliminary 
treatment apicectomy must be performed (fig. 2881). After the tooth has been 
treated and filled, a semilunar incision is made in the buccal mucosa. The 
flap of muco-periosteum is detached and retracted, and with a small chisel the 
alveolar bone over the rarefied area is removed. The apex of the root which is 
thus exposed is found projecting into the cavity and is excised by a sharp blow 
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«,th d suitably small chi-cl. or is cut off with a dental drill. It is then smoothed 
le\t 1 w ith tie floor of the cavity by means of burrs or small carborundum stones. 
The granulomatous mass or abLce&s sac is curetted and flushed out of the cavity 
5 tJ 0I J Mi,h debris from the tooth. Finally, the bony wall is scraped to freshen it, 
and the flap is drawn down over the orifice and pressed into place. One or two 
tine -mures may be inserted if deAred but are usually unnecessary. 

The re-ults of this operation, as indeed are tho^e of simple but effective 
untiM'ptu treatment of the tooth alone, appear to be encouraging, but not enough 
Kn t* ru'Wicul and bisto-pathological research has yet been done to justify 
reg tiding it as more than a palliative For further information upon the preserva- 
tio’i of dead teeth the reader is referred to the dental literature and to the 
histological studies of Gottlieb of Vienna and bis eo- markers. The danger of dead 
terth. already stressed by Roaenow and many others, need not be emphasised. 

ESTBaenos of toe teeth 

In the just twenty years there has been a change in policy and in technique 
relating to the extr-itua oi feeth. With the advent of quiet anaesthesia — either 
conductive, imra-tracheal. cr intravenous— the need for hasty “ drawing ’’ of an 
infexted tcoth or for the clearance of a mouth full of septic teeth under a single 
administration of nitrous cucde after the face-piece has been withdrawn (i-e. 
during the recow ty p*r.cdV has gone. Furthermore, with greater knowledge of 
focal infest h>a of dental ergm and the mrre-asing Use of radiography, certain 
tutpottant factor- hitherto unappreciated have come to the foie. Excluding 
extraction of a tooth for the rebel of jxiia due to pulpitis, the removal of a septic 
tooth is n<was.ut«*d by the uct that the infection, whether it be apical or gin- 
gival in origin, bit muteh inters the U ne around the root. la these circumstances 
the teeth resemble* a fcte*d Lc*ly and. if a portion of the far.* he left behind, 
a cuAebs for tuJeet.oa rerrams and the operation has failed to achieve its full 
petfoje la all ih\v; x f patterns teeth may be -eea with long, thin, brittle roots, 
xj curved rwt*. or with cetrenta] thickening, so-called eiifetoeis, of the roots, 
pcvdactng knob-lAe ywe.angs o; the apical third. These teeth are of the kind 
uxvt lileiy to U* Lrvitn. Abo. b» the private patient more particularly, and 
aKrr*>mg,y m tie no-r.nJ p.;tent. the process of cvnit-rving devitalhed teeth 
tor *9t.x‘K and mwa-atsn^ ptijerx- has piwtuoi 3 new clinical entity : a ooa- 
uetum * and xuten a jiiuftritiie xi>renss in the IxM ocwapukd by an increased 
br.ttJeSiesc. tn the t-eci. the rvei- xf which when cevitalLed may have Ken =udl 
■ -it her weakened by having reea reamed ont during the process of r I’rlcj 

tK>e to,-.h have slramhl cvciral re«.cs. they are xL£ca!r and often imtvesiLie to 
ixmove by oidmuy rmAxis w.:h dental tVrwps. The hnrid mi‘nnents of 
left aftxr moon j.Vte eatmuiou *re inwanaKr mf-cred. Thus fc Us Uwnre 
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the form of a more diffuse softening of the medullary tissue — a species of carious 
osteitis (fig. 2882). in ail these conditions, when the tooth inis been extracted 
to prevent a persistence of residual infection, it is desirable to open the alveolar 
socket and enucleate tho abscess sac, granuloma or cy»t, as the ease may be, or 
to curette away tho carious infected bone, taking suitable precautions. 

Experience of the application of surgical principles to dentistry shows that, 
provided the field is made as clean as is mechanically and antiseptically possible 
by the removal of accumulations of tartar and the use of a pre-operative mouth- 
wash, and provided that neat cutting with freshly sharpened instruments takes the 
place of wrenching and crushing of the bone with forceps, difficult teeth may be 
extracted without cither after-pain or general reaction to the sepsis liberated into 
the blood stream. Consequently, to meet moilcrn conditions there has been a 
change in the dental armamentarium. The numerous patterns of special forceps 
of complicated design fitting their respective teeth arc reduced to two or three 
and simplified, but the list is augmented by a scal{xd and periosteal elevator, a 
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retractor, a mallet and mastoid chisel, two pairs of pointed elevators, some suitably 
shaped curettes, tissue forceps, and sutures. With theso instruments it is poasiblo 
to extract any tooth, including buried ones. 

Extraction of Teeth. 

The left hand should grasp firmly between the fingers and thumb the portion 
of the jaw over the root of the tooth to be extracted. Tiie beaks of the forceps, 
which should be sharp, should be drivrn upwards or downwards as the case may be, 
between the root of the tooth and the alveolar bone, as far as it is possible to force 
them. This manoeuvre secures a firm grip upon the tooth and reduces the likeli- 
hood of breaking it. With the forceps held firmly m position the next step is to 
enlarge the socket by forcing the tooth back and forth alternately inwards and out- 
wards until it is felt to “ give.” For most teeth a firm inward movement followed 
by a “ wheeling ’’ outward movement suffices to extract them The roots of the 
upper central incisors and the lower first premolars are mostly conical, straight, 
and circular in transverse section . Tn the ease of these teeth t he inward movement 
may bo accompanied by lateral rotation so that the tooth is twisted round m its 
socket. When the attachments of the tooth have been broken by tlus means, 
traction easily delivers it; Care should allraj’s be taken to see that a portion of 
the gum is not adhering to the tooth, otherwise when this is dragged upon, an 
unpleasant tear of the mucous membrane may be caused which is likely to be 
painful afterwards. An intimate knowledge of the conformation of the roots of 
the teeth is obviously an advantage, for then the beaks of the forceps can be 
applied more suitably and the force used more critically In the case of lower 
molars, especially the first molars which are two-rooted, the beaks of the forceps 
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with a suitably small clu^l. nr is cut off with n denial drill. It is then smoothed 
level witli the lloor of the <.mt\ bv means of burrs or small carborundum stones. 
The granulomatous mass or alist <*ss gat is curetted and Hushed out of the cavity 
along with debris from the tooth 1'm.dlv the bony wall is scraped to freshen it, 
and the Hap is drawn down m< r th • orifice and pressed into place. One or two 
fine sutures may be mseited if d<‘ir>d but are usually unnecessary. 

The results of this njvralioii ,n indeed are those of simple but effective 
antiseptic treatment ol rh« tooth »l<»m . appear to be encouraging, but not enough 
bacteunlngical and hMo ji.itliiih.gii.it ic.arrh has jet been done to justify 
regai duig it as more than a pdli itm For further information ujion the presena- 
t ion ot dead teeth tin nitdu is ndorrid to the dental literature and to the 
lust olngual studies of Cottlieli of \ i, nn i and his co-workers. Tlie clinger of dead 
to th, already ‘tressed bj R»« now and nuny others, need not be emphasised. 
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In the just t\unt> scars tin r. h 1, 1 m i n .1 change in policy and in technique 
u.tl. U Ith III.- n,l«nt of quiet oiuistlicla-c-ither 
mtlT. IT ll'« need for booty “ drawing ” of on 
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imuortdiit fret . 1 .1 " m me leasing use of radiographj’, certain 
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tooth is msfe .t-.( i i .. . , l UIH ^ uo to pulpitis, the removal of a septic 
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purpose In all <h»i o „r ' 1 operation has failed to achieve its full 

or curved roots <»• UJt i " U s way be seen with long, thin, brittle roots, 

producing knob-hke swellZTof 1 K so-ealled c.\o 0 tosis, of the roots, 
most likely to be broben .Ua, T tjl . ,llml '• These teeth arc of the lind 

increasingly iu (imtnlM I * 1,0 private patient more particularly, mid 
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densing and often a proliferate 1 , .• I ,ro<luu 'd a new clinical entity : a con- 
brittleness m the tooth th* f ♦ ° S r ,tls . in t * ie ^onc accompanied by an increased 
fuither weakened WhTwiT ° ° f " 1,!cU *» J-tvitaIi.il „uy live been slill 
these teeth have straight eoidea! Za '‘"T' 8 ‘ ,,c , 1™*» °f 
remove by oulinary methods n i arc dlllcu ' fc ail d often impossible to 
root left after incomplete extract'll e *l ta ^ Jrrc I»- The buried fragments of 
no longer a question of the nmihl " ^ mvanaljI y infected. Tims it lias become 
leaving the apes, if broken to runn ** ract,ou °f *be major portion of the tooth, 
of the complete removal of the wliol'^^n 0 - cx ^’ at °d in due course, but rather 
operation. Moreover, increasing i^ °°r ’ P‘ ccei neal if necessar j% by a deliberate 

extraction of the tooth is not alwivij 6 ® holography has shown that the mere 

the infection Sometimes the infecting - C1 . ent to ena ble the lione to recover from 
or in a gratmlonntous mass either *f *| W oca,5scd »i an abscess sac at the apex 
or an early dental cyst may he discovered" 5 * *“ . the side woH of thc s0cket ' 

i other times the septic process takes 
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the form of a more diffuse softening of the medullary tissue— a species of carious 
osteitis (fig. 2882). Iti all these conditions, -when the tooth has been extracted 
to prevent a persistence of residual infection, it is desirable to open the alveolar 
socket and enucleate the abscess sac, granuloma or cyst, as the case may be, or 
to curette away the carious infected bone, taking suitable precautions. 

Experience of the application of surgical principles to dentistry shows that, 
provided the field is made as clean as is medunically and antiseptically possible 
by the removal of accumulations of tartar and the Use of a pre-operative mouth- 
wash, and provided that ueat cutting with freshly sharpened instruments takes the 
place of wrenching ami crushing of the bone with forceps, difficult teeth may be 
extracted without either after-pain or general reaction to the sepsis liberated into 
the blood stream. Consequently, to meet modern conditions there has been a 
change in the dental armamentarium. The numerous patterns of special forceps 
of complicated design fitting their respective teeth are reduced to two or three 
and simplified, but the list is augmented by a scalpel and periosteal elevator, a 
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retractor, a mallet and ma&toid chisel, two pairs of pointed elevators, some suitably 
shaped curettes, tissue forceps, and sutures. With these instruments it is possible 
to extract any tooth, including buried ones. 

Extraction of Teeth. 

The left hand should grasp firmly between the fingers and thumb the portion 
of the jaw over the root of the tooth to be extracted. The beaks of the forceps, 
which should be sharp, should be driven upwards or downwards as the case may be, 
between the root of the tooth and the alveolar bone, as far as it is possible to force 
them. This manoeuvre secures a firm grip upon the tooth anti reduces the likeli- 
hood of breaking it. With the forceps held firmly in position the next step is to 
enlarge the socket hy forcing the tooth back and forth alternately inwards and out- 
wards until it is felt to “ give.” For most teeth a firm inward movement followed 
by a “ wheeling ” outward movement suffices to extract them. The roots of the 
upper central incisors and the lower first premolars are mostly conical, straight, 
and circular in transverse section. In the case of these teeth the inward movement 
may be accompanied by lateral rotation so that the tooth is twisted round in its 
socket. When the attachments of the tootlx have been broken by this means, 
traction, easily delivers it. Care should always be taken to see that a portion of 
the gum is not adhering to the tooth, otherwise when this is dragged upon, an 
unpleasant tear of the mucous membrane may be caused which is likely to be 
painful afterwards. An intimate knowledge of the conformation of the roots of 
the teeth is obviously an advantage, for then the beaks of the forceps can be 
applied more suitably and the force used more critically. In the case of lower 
molars, especially the first molars which are two-rooted, the beaks of the forceps 
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should be placed upon the stronger root of the two, usually the anterior ouc. 
Sometimes the second root will also come away with the crown, but at other times 
the posterior root will be left behind and most be removed separately, either with 
forceps or with a suitable elector passed down the empty socket of the extracted 

r0 ° t f n t he case of the upper molar teeth, which are normally three-rooted— two 
slender external or buccal fangs and one strong palatal fang— the forceps should be 
set upon the palatal root and the anterior buccal root. If the posterior buccal root 
is left behind, it may be retrieved by passing a blade of the forceps up the empty 
sochf t of the palatal root whilst the external blade is set upon the outer side of the 
remaining root Sometimes an upper molar tooth has very widely curving fang3, 
and to remove the tooth as a whole would entail a great loss of alveolar structure. 
In these case 3 a satisfactory method is to excise the crown and separate the 
individual roots so that they may he removed one at a time. This is done by means 
of suitably shaped cleaving forceps or by placing the edge of a chisel against the 
buccal side of the tooth, horizontally at the gum level below the edge of the enamel, 
and giving it a smart tap, which easily cleaves the crown from the roots. The 
chisel is then placed axially and the buccal roots are similarly separated by 
lertical cleavage from the palatal roots. The two buccal roots are then separated 
from one another in the same way. Each root, being free to move independently 
of its companions, is then extracted with forceps in the direction of its long axis 
or is pri=<d out by means of a pointed elevator. 

Sou* «ful healing of extraction wounds has been shown to depend upon the 
format i< n ami rapid organisation of a sound, clean clot in the socket. When the clot 
is healthy, epithelialisat ion of the surface of the clot at the contracted orifice of the 
socket occurs in eight days, and organisation progresses by the intrusion of blood- 
vessels from the socket wall as well as from the gum margin. In those cases, 
however, w which sclerosis of the alveolar bone has occurred owing to long- 
standing low-grade infection, the socket wall is devasculariscd and the clot, failing 
to become organised, disintegrates through septic infection. The condition, which 
is known as “ dry socket," is more prone to occur in the mandible and, since the 
lower sockets are undraining, more pain is experienced than in the maxilla by 
the septic accumulations in the depth of the socket irritating local nerve-endings. 
On inspection, the socket is seen to contain the residuum of decomposed greenish 
clot and when this is irrigated away, the socket wall appears bare and dirty white. 
The treatment is to wash the socket daily by syringing with a copious mild lotion, 
such a3 hydrogen peroxide, 2 vok, and to pack it with a crushed tablet of aspirin. 
The analgesic effect of the aspirin relieves the neuralgia and it does not interfere 
with the formation of repair t issue. Healing is necessarily slow. 

The following are the common accidents and sequelm of dental extractions • 
Emphysema ; breakage of the tooth or of the instrument with loss in the soft tissues 
of the fragment ; dislodgment and loss of the tooth either in the soft tissues or in 
the antrum or down the Esophagus or trachea ; hemorrhage from the socket; 
fracture of the jaw ; dislocation of the mandible ; injury to the mandibular or 
lingual nerves , osteitis and osteomyelitis ; and spreading cellulitis and thrombo- 
phlebitis. 

•ilvccJectomy. 

m method of open operation, in which tho outer plate of the ah coins is 
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partially removed in order to facilitate the egress of the tooth, is now used in varying 
degrees : for the removal of a difficult tooth, to admit instrumentation to the apex 
of the socket for the enucleation of a granuloma or a small cyst, to enable the 
surgeon to remove broken pieces of alveolar bone which would otherwise form 
irritating sequestra, and to smooth oil sharp projecting comers of the socket 
which form troublesome promontories under an artificial denture. 

The stages for the removal of a single tooth with an apical granuloma by this 
method are shown in the figure (fig. 2 $83). An L-shaped incision of adequate 
dimensions is made in the outer alveolar muco-pcriosteum, care being taken not to 
injure the gingival margin of the adjacent teeth. A flap is raised and retracted 
and the outer alveolar plate is excised nith a chisel and mallet to about two-thirds 
of the length of the root. The tooth is then extracted with forceps or dislodged 
from its socket by a pointed elevator. The granulomatous mass, if any, is 
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enucleated with a curette and, after the bonc-debris and sharp comers have been 
removed, the mucosa is closed with a suture so as to restore the contour of the 
gingival margins. 

Removal of the outer alveolar plate in the way described has the advantage, 
when a total clearance of the teeth is being made, of allowing that portion of the 
socket which undergoes resorption to be remo\ed at the time of the operation. 
Resorption of the alveolus of the sockets prevents the permanent fitting of a 
denture because the tissue base is constantly changing its shape and, for this reason, 
any denture made within the first six montlis after extraction does not preserve 
its initial fit. By extending the operation of alveolectomy it is possible to trim the 
bone and suture the gum in such a way as to imitate the state of the ridges after 
five to six months’ shrinkage, but great care should be taken not to overdo the 
operation. Dentures, which may then be supplied immediately after operation, 
may be expected to retain a good fit. In this operation, four vertical incisions 
are made : one over the last molar and one over the canine upon each side. The 
inter-dental papilke are cut through by a horizontal movement and the muco- 
periosteum is turned back in three large flaps 

3Iost edentulous mouths are fortunately within what may be described as a 
“ normal ” range and can be fitted with a denture which is reasonably comfort- 
able and efficient. There are, however, abnormal anatomical conditions which are 
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beyond the mechanical skill of the dentist, and surgical intervention is necessary 
to ensure ultimate comfort of the artificial denture. The developmental abnor- 
malities include over-prominent, exostoacd or hypertrophied alveolar ridges which 
reduce the inter-maxillary space and came bulging so that an artificial denture 
cannot properly be made. Another is tauxus palatums which causes no trouble 
until an upper plate has to be worn. Bony projections may also be seen on the 
lingual a&pcct of the lower jaw or on the tuberosity of the hard palate. Obstruc- 
tions of this kind are eliminated by removing the prominence by rongeurs or chisels, 
smoothing the surface, and replacing the soft tissues with sutures. Cases of 
extreme protrusion of the premaxilla and of large exoato.scs of the alveolar bone 
arc peculiarly suitable for extensive alveolectoiuy, not only for aesthetic reasons 
but also to enable a satisfactory denture to bo supplied. Figure 2884 shows a 
case treated in this way. The mucosa and alveolus were cut through by a very 
thin circular saw. The muco-perioateum was then raised and, suitable calculations 
having been previously made, the teeth were removed in blocks of three along 
with the supporting alveolus, the bone was smoothed, and the mucosal flaps were 
trimmed and sutured. 

F rata plait y and Frcncitomy. 

Sometimes the freourn of the upper lip is of exaggerated sire and is attached to 
the central papilla of the premaxilla. In these circumstances the central incisor 
teeth are kept w idely separated. The abnormality is partly of aesthetic importance, 
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for widely separated teeth are unsightly, hut it becomes of practical import- 
ance m older patients who, having lost their teeth, require to be fitted with artificial 
diatures The loose fold of mucous membrane passing directly from the alveolar 
ridge to the lip, like other foLLs occasionally found eUew here in t he inouth, prevents 
the proper adaptation of the ptate aud renders the denture unstable. The stages of 
operation (see ng are given for the frenum, but other folds should be treated 
stnularlv tl.e mqxntant rule being so to devise the incision as to leave no raw 
surface to undergo cicatrisation. Orthodontic correction of the gap !*? tween the 
sepamtol ot.tral incisots fails in the presence of a low frenum and, when the 
op rvtion i- performed for this purpo-e, it is important to excise as well the tough 
pul of 'pringy fibrous tissue which is situated in the suture between the sockets of 
tin two teeth". 

EEiXEENCE : 

Gottlieb, B . Orilvn, B an I >rxi\. G. Zm./ur .Stow , i U3 », Tty, 1ST. 



CHAPTER III 


Diseases of tuk Gimjs and Vemovostal Me'.UHKA.VE 

TAc Principal Causes of Inflammation of the Mucous Membrane of the Mouth arc ; 

(I) Mechanical Irritation : Mai-ocelusion ; artificial dentures ; food stagnation . 
eruption of teeth. (2) Minerals ami Drugs : Mercury ; lead ; arsenic ; copper ; 
bismuth ; silver ; gold ; phosphorus ; the barbiturate and salicylate groups. 

(3) General Systemic Disturbances : Uremia ; diabetes ; gout ; sprue ; arthritis. 

(4) Physiological and Dietetic Disturbances : Errors of diet ; menstruation , 
pregnancy; avitaminosis; scurvy; beriberi; pellagra. (5) Infectious Diseases : 
Measles ; diphtheria ; scarlet fever ; typhoid fever ; chicken-pox ; small-pox , 
tuberculosis ; syphilis ; gonorrhoea ; actinomycosis ; anthrax ; glanders ; foot 
and mouth disease ; pneumonia; leprosy; yaws (G) Blood Diseases : Anemias , 
leukemias ; Iwmopbylia. (7) Skin Diseases : Urticaria ; eczema ; tinea ; 
scleroderma ; pemphigus ; erysipelas ; lichen planus ; erythema multiforme ; 
erythema nodosum ; herpes zoster ; lupus vulgaris ; lupus crythcmatosis , 
purpura ; epidermolysis bullosa. (8) Endocrine Dysfunction : Parathyroid, 
thyroid— cretinism, myxerdema ; pancreas— diabetes ; pituitary. 

Diseases of the Dental Supporting Tissues. 

For practical purposes diseases of the sup{>orting tissues of tbc teeth may bo 
divided into : 

(1) Tumours of the gums and alveolar integuments. 

(2) Primary inflammatory reactions and/or degenerative changes when the 
fons cl origo mall is located in the teeth and adnexa. 

(3) Secondary inflammatory reactions and/or degenerative changes when the 
oral lesion is secondary to, or associated with, some gcueral disease or 
toxic state. 

Primary and secondary reactions cannot be entirely differentiated from one 
another. To a large extent the two conditions are interdependent, at least so far 
as concerns the severity of the oral lesion. As an example, local uncleanliness in 
the mouth provokes or admits a more severe and widespread ulceration in cases of 
Vincent’s infection than is seen in a clean mouth and, on the other hand, certain 
blood dyscrasias more readily permit the invasion of the gingival and paradontal 
tissues by organisms which in normal circumstances in the same mouth would be 
regarded as saprophytic. The stomatitis of mercury or of pregnancy is not seen 
in the perfectly clean mouth, and the conditions in wliich disease in the gums and 
sockets of the teeth can be designated as purely secondary are comparatively 
few. Recognition of this interdependence is of importance to successful treatment 
of infectious of the gingival and paradontal tissues, especially the low-grade chronic 
ones, and it is obvious that success is best assured by eliminating simultaneously 
both the local and general etiological factors. The teeth themselves may be 
5209 
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regarded as masticatory implements planted in the i“»« for utility, lint the tissues 
n hicl. .upiwit them (ineludingtlie dental pulp) are integral parts of tile Ixaly ]iropcr 
and subject to exactly similar reactions, winch arc merely complicated, mechanic- 
ally more than biologically, by the presence of the teeth. . . 

While it ts not posaiblo entirely to difTerentiatc between tticm, it is convenient 
to classify these various manifestations of disease in the supjiortiiig tissues of the 
teeth according as they affict mainly • 

(1) the general mucosal lining of the huuat cavity stomatitis ; 

(!i) the gums proper — qiiu\mtis , 

(3) the periodontal membrane and alveolar bone— jxtnulotilont. 


STOMATITIS 

Stomatitis, or inflammation of the soft tissues of the mouth, may !*c of varying 
degrees ofsoverity and due to a great variety of cam*. Ithasbeen usual to divide 
the degrees of inflammation into catarrhal, aphthous, uherativc, and gangrenous, 
but a more logical (UssiiitaHon basal ujion pathological grounds would l>c (1) 
Primary, sub-divided into non *>pcufic and specific infections, and (2) Secondary. 

(1) Primary >u>» vpoi/ir stomatitis includes most of those conditions 
described as “ catarrhal " In tins condition the mucous membrane of the checks, 
tongue and gums apjiears red and swollen. The mdamnutiou usually begins 
in a number of discrete patches which Bubsecpiuitly coalesce. There in an 
excessive production of sticky mucous, the epithelium becomes whito and sodden, 
and the superficial cells are rubbed off. with resulting erosion or ulceration. The 
inflammation may be initiated by mcdiamcal irritation, such as jagged teeth, or 
by the presence of chemicals such as too strong an antiseptic. It occurs without 
apparent cause but is certainly increase d, if it is not actually produced, by cxccssivo 
smoking It may also be found during the course of the infectious fevers and 
during the debility which follows them Sometimes it is associated w-ith disturb- 
ances of the gastro-mtestm.il tract, such as linprojier feeding or dyspepsia. The 
treatment consists in alljjing the local irritation and removing the cause or 
causes. Mild antiseptic mouth-waslu s are helpful and such preparations as potas- 
sium permanganate, glyco-lhyniolmc, hjdrogen Jieroxulc, potassium chlorate, 
and myrrh may he used The aluucutary tract must receive attention. 

Primary sjx'cijic stomatitis is seen in certain well-rccognised infections, such 
as thrush, tubercle, syphilis, gonorrbcca, Vincent's infection, etc. 

(2) Secondary or associated stomatitis is seen in conditions in which the oral 
mucosa exhibits its own symptoms of reaction, like the Koplik spots in measles 
and the snail-track ulcers of syphilis, or where, associated with a more prominent 
gingivitis, it is due to resistance being undermined by other intercurrent disease. 


GINGIVITIS 

Gingivitis is essentially a disease of the firm muco-periosteal layer which 
festoons the margins of the teeth. The peculiar relation of the structure, namely, 
that of a v ascular tissue lying in contact with the inert food-collecting walls of the 
teeth, with an intervening catch-pit in the form of a sulcus (the gingival trough) 
of varying depth and degrees of drainage, is the fundamental a-tiologica! factor 
which predisposes the gingiva to pathological changes. Toxins and d irect bacterial 
invasion from putrefying food in this sulcus initiate disease in otherwise normal 



TEETH 


5211 


gums and still more in gums who&e resistance is undermined by general disease or 
toxic states or, by providing a locus of diminished resistance, they facilitate the 
ingress of stray infections which otherwise might not have gained an entrance. The 
marginal gingivitis of food stagnation is an example of the first, the gingivitis of 
diabetes or of mercurial poisoning are examples of the second, and the invasion 
by Vincent a infection, which is rarely seen in a clean mouth, typifies the third. 

There is no clear line of division between the gingival and the periodontal 
membranes of the teeth and, whilst it is convenient to describe separately the 
features of disorders more clearly seen in the gums, it must be borne in mind that 
extension of infection by lymphatics from the gums deeply through the periodontal 
membranes to the apices of the teeth, and even in the dental pulps as well as 
further afield, is actively taking place in all infections of the gum margin. 
MacGregor, confirming the work of previous observers, has also shown the 
generous lymphatic drainage and the abundant anastomosis of the lymphatic 
vessels leading from the gingiva*. The integrity of the protective epithelium may 
be disturbed by injury, toxins, lack of vitamins, and systemic disease, and, 
according to the predisposing factors and the nature of the infection, the resulting 
gingivitis may be primary or secondary and non-specific or specific. 

Primary non-specific gingivitis is seen typically in mouth-breathing 
children or in subjects who, although nasal breathers, have so short a lip as to leave 
tho guin uncovered. In these conditions there is an absence of natural cleaning 
and flushing of tho gingival crevice by the salivary currents. Consequently food- 
debris and mucin collect there and bacterial invasion of the gingival margin 
results. Intercellular oedema and cellular infiltration occur, the gums become 
swollen ami patulous and, being intensely hyperamiic, bleed upon slight digital 
pressure. The condition is painless and chronic, and in the averagely clean mouth 
remains confined to and sharply defined in the affected region with no tendency 
to spread laterally. Extension of the disease to the periodontal membrane 
readily occurs, however, and persistence of the inflammatory reaction leads to 
permanent fibrotic thickening of the gmu margin and inter-dental papilla;. An 
accumulation of sub-gingival calculus becomes deposited below the gum level and 
adds to the irritation. In very dirty moutlis the gingivitis extends all round the 
denture and is not confined to the anterior teeth. 

Treatment in the early stages is simple and consists in eliminating the pre- 
disposing causes, viz. efficient scaling of the teeth, greater attention to oral hygiene, 
and the restitution of nasal breathing with, if necessary, suitable orthodontic 
regulation of the teeth to correct any deformity, such as superior protrusion, which 
may prevent the lips from meeting when at rest. In adult patients, too old for 
orthodontic treatment, in whom the premaxilla protrudes beyond the lip level, 
valuable assistance may be gained by providing an oral screen, which consists of a 
thin metal plate, such as is used for the palate of an artificial denture but made to 
fit the front surfaces of the upper and lower teeth when normally closed. The 
screen is worn at night by being placed in position under the lips in front of 
the teeth. The appliance is also useful in children, and in some cases, as well as 
occluding the aperture between the relaxed lips, it may be contrived so as to exert, 
by pressure of the lips themselves, sufficient force to push the projecting teeth 
into correct alignment. Ultras violet irradiation, both locally and generally, and 
an adequate vitamin-containing diet are useful adjuvants. Astringents, like 




acid, should not be used, for they ouly mask the signs by reducing the 
hyperemia, with the result that deep infection of the periodontal membrane and 
ultimately the formation of pyorrhoea pockets can occur without the patient’s 
knowledge until a parodontal abscess develops, when it may be too late to save 
the tooth Grngivectomy is also contra-indicated in the early stages, for, if it is 
performed whilst the predisposing factors are present, the condition of swelling 
and hvper-emia merely recurs immediately the gums have healed ; whereas 
efficient treatment upon the lines previously suggested brings about such a rapid 
resolution that surgical interference usually becomes unnecessary. Gingivectomy 
is however, \erv useful in correcting the residual fibrotic hypertrophy which is 
found m older eases of long standing, when the etiological factors have been 
returned and the gums have otherwise gained normality. The operation is 
<l< -an bed on page 5221. 

Primary specific gingivitis occurs as an extension from the adjacent oral 
mucosa in all those diseases the characteristics of which have already been 
mentioned, such as tubercle, syphilis, etc., but certain other states in which the 
infection arises in the gingiv® and tends to remain in this locality, extending 
laterally from tooth to tooth rather than spreading over the buccal mucosa, are 
recognised. The most typical is fuso-spinllary gingivitis, or trench mouth, due 
to infection by Vincent’s organisms. 

Fusospirillarg gingivitis (Vincent) or ulccratnc gingivitis, which is due to the 
symbiosis of Vincent’s spirillum and bacillus fusiformis, is the commonest specific 
gingivitis It is characterised by extreme persistence in a sub-acute or chronic 
form, after an acute attack; remote secondary lesions; extremely insidious 
onset ; and a predisposition to intermittent fulmination in the mouth and throat. 
It is undoubtedly on the increase, particularly among the middle and upper classes. 
A feature which must never be forgotten is the fact that, owing to the insidious 
onset and persistence m mild form, patients become carriers and may infect many 
victims without realising that they have any serious disease in the mouth. 


Signs and Symptom. In the acute condition the patient complains of acute 
soreness of the gums and considerable malaise, ilarginal ulceration may festoon 
the teeth and typical feetor is present in the breath. In the sub-acute stage the 
gums are swollen and purplish-red at the gingival margins and show a strong 
tendency to bleed spontaneously or on light pressure. There is no pain or undue 
tenderness. Not infrequently the patient wakes up to find a blood-stained discharge 
on the pillow. The characteristic fetor in this stage may not be perceptible in more 
fastidious patients. In the chronic stage the gums are shrunken but normal in 
colour. Extensive pockets are found round the grossly affected teeth, which 
b ecd easily on the introduction of a blunt seeker. Sometimes a symptomless 
bleeding from the gums is the only sign of the chronic stage. Inter-dental filth 
and stagnation propose to chronicity of the disease, which in this stage is never 
seen in the edentulous mouth nor in those patients with averagely clean mouths 
where enectuai toilet has been instituted. 


Dugnos,,. The dmgnosis m all cases depends on the appearance of the 
characteristic spmUumand bacillus in smears from the aBeeted areas. In the acute 
stage the tiro organisms are roughly equal in numbers, hut in the more chronic 
stages the fusiform bacilli become relatirely less numerous and secondary septic 
organisms begin to appear. J 
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Treatment. Acute stage. Tho diagnosis having been confirmed by smears 
and a differential blood count nude, the patient must be isolated in a nursing borne. 
Tliis is essential, so that saliva-bearing articles can be effectively controlled and 
treatment maintained without interruption. The surgeon and all his assistants 
must wear gloves, gowns and masks. The ulcers should first of all be very lightly 
scraped and cleared of the pseudo-membrane by delicate but copious syringing 
with hydrogen peroxide or, better still, normal saline administered by a dc Vilbiss 
spray connected through a reducing valve to a cylinder of oxygen. This should 
remove all debris and leave a bleeding surfa cc which is painted with pure carbolic 
acid. Thereafter during the daytime tho patient washes his mouth every half- 
hour with a solution of 1 drachm of sodium perborate to a tumbler of warm water. 
After meals the mouth, and especially the inter-dental spaces, should be sprayed 
to remove food-debris. By these means the acute symptoms should be rapidly 
reduced and the ulcers become clean am 1 fibrin-covered in twenty-four hours. 

The cssenco of the treatment is the maintenance of an oxygen atmosphere in a 
mouth from which the slough protecting the organisms has been removed. 
Arsenical preparations applied locally may accelerate resolution by attacking 
the treponemata ; Bowman’s mixture of via. ipecac. 4 dr., glycerinum I dr., 
liq. arsenic. (Fowler) ad 1 oz., may be used for this purpose. After the first 
twenty-four hours the gums arc no longer tender, and gross tartar should be 
removed to facilitate flushing of the inter-dental spaces and gingival troughs. 
-Vs the healed surface hardens, scaling progresses, and the patient carries out an 
appropriate toilet with inter-dental tape and a soft tooth-brush sterilised in spirit. 

It is a great mistake to think that the infection has been banished at this 
stage. Smears must lie examined frem pyorrhoea pockets, from the margins of 
leaking or ill-fitting crowns and fillings, from around dead roots, from the gingival 
trough of partly erupted and misplaced wisdom teeth, and from the tonsillar 
crypts. It is very unusual not to get a positive result from these places, and 
further treatment is necessary. The patient must be taught to co-operate in 
securing extreme oral cleanliness by meticulously cleansing the gingival sulcus 
around each and every tooth by tooth-brush, dental tape, and spray. All old 
amalgam fillings should he removed and carious holes cleaned, the cavities being 
filled w'ith fresh cement. Fixed bridges and ill-fitting shell crowns should be 
taken oil and all sub-gingival tartar carefully removed. Persistent mouth- 
breathing must be counteracted. 

Intra-tracheal anaesthesia is now given, the dead teeth are removed, and the 
periodontal pockets are excised to their full depth anil curetted. Then an electro- 
cautery point is passed into the gingival sulcus around every single tooth and the 
resulting coagulum is scraped and irrigated away. Wisdom teeth which arc not 
perfectly erupted should be removed, as they are a very common source of recur- 
rence. The whole denture should be cauterised at one session, not piecemeal. 
By these means alone can complete cleansing be ensured and a clean granulating 
surface left. Any attempt to save the patient or the surgeon trouble or expense 
defeats its own ends. 

During healing, which takes place rapidly and without discomfort, mouth- 
washes of hot sodium perborate solution and frequent irrigations with hydrogen 
peroxide are maintained. Searching bacteriological examinations must be 
performed, and the smears should show only a few cocci and pus cells. Any per- 
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.itent focw of Vincents organisms must 1* treated .gain under norornine. 
Should the tonsils still harbour the organisms, they must lie enucleated when the 
mouth han has healed and before it becomes re-infected from them. Intravenom 
arsenical preparations help to arrest widespread ulceration of the check and throat 
but do not reach the gingival form, because the organisms lodge in the dental 
crevices and in necrotic tissue out of reach of the circulation. 

Vincents infection of the gums is a treatable disease, but half* measures are 
u*elesi- 

Secondary non ipeafic gtvgirilis is seen in a number of general disturlwncei 
in whu h tlie major fault lies in an impoverished state of the gingival tissues, which 
reiifbrs them more easily invaded by pathogenic lwcteria. The condition « 
invariably aggravated by oral unclcanl incss. Marginal gingivitis is nc»t uncommon 
in the later months of pregnancy, and in quite clean mouths in some patients the 
sums have a hyperamic softened; texture which resolves when pregnancy 
is re ruinated Avitaminosis, scurvy, Ixiribcri, pellagra, endocrine dysfunction, 
debilitating di-cases. blood disorders, and metallic and other J*> irons act similarly. 
In all these < ares it is found that local umleanlincsS is the exciting and aggravating 
factor, for it must lie remembered that edentulous patients show no prominent 
changes in the gums. For example, when lead is taken in excess, soluble wits of 
the mital are deposited at the gum margin. If there is sepsis in the gingival 
trough-, 'iilphurettcd hvdrogeu is fonned, and this acts on these deposits to form 
lead -ulphide which appears as a narrow hluc or flat e-coloured line round the 
teeth In the absence of teeth no blue line is formed. When, therefore, the gingi- 
viti' I- secondary to some general cause, the general condition must be treated by 
appropriate means, acul local dental treatment should lie directed to promoting 
an extreme degree of mechanical cleanliness. In extreme degrees of gingivitis 
secondary to the conditions mentioned in which acute ulceration occurs, the invad- 
ing organisms appear to be invariably those of Vincent and they are therefore dealt 
with in the section on specific gingivitis. 

Secondary specific yinyi nil's occurs when the gingival tLsucs have had 
their resistance so diminished by intercurrent dbcace, cellular poisons such as 
metals and drugs, lack of vitamins or by blood disorders as to become a ready 
host to the \ incent s organisms. The group therefore includes many ulcerative 
conditions such as those described as mercurial stomatitis, bismuth stomatitis, 
scurvy of the gums, etc. Although there may !>e characteristic differences in 
appearance of the gums due to the different axiological factors, the pathology is 
similar in all of them and the bacteriology is identical As in all other cases of 
persisting gingivitis, the periodontal membranes and the bone of the socket soon 
become involved, destruction occurs, and the teeth loosen and fall out. 

Treatment should be local upon the lines already advised, as well as general. 
A characteristic feature of Vincent's infection is the fact that it docs not stimulate 
a leucocytic response, and in old-standing cases of the sub-acute type there is 
often considerable leucopenu, sometimes verging upon actual agranulocytosis. 
In these cases the adrumi-tration of pentose nucleotide is often extremely helpful 

PESIODOXTlTIs AM> PARADOVTOalS 

Formerly the term “periodontitis ” was applied also to the chronic general 
condition of aiv eolar atrophy with pus formation which has been variously coveted 
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by such terms as lUgg‘s disease, pyorrhoea alvcolaris, jwriodontal disease, and 
periodontoclasia. More recently it lias been felt that the term “ periodontitis ” 
should bo confined to the diseases and inflammations of the periodontal membranes 
proper and a new term “ parodontosis ” or “ parodontal disease ” used to indicate 
the generalised condition of alveolar destruction seen in the conditions which are 
commonly called “ pyorrhoea.” 

VKIUODOXTITIS 

Periodontitis may bo acute or chronic, local or general. It is produced acutely 
by trauma leading to crushing of the periodontal membrane ; by physical 
means such as surgical diathermy ; by chemical reagents, such as arsenic when 
used in devitalising the exposed pulp ; or it may be bacterial by infection from an 
injury to the gum margin or, more commonly, by the postage of organisms through 
the apical foramina of the tooth from a septic pulp. In these circumstances the 
tooth feels to the patient to be raised in its socket, ulticb m fact it is, by reason 
of the swelling of the membrane. Upon closing the teeth the offending tooth 
meets its opposite fellows before its neighbours. Such a tooth is exquisitely 
sensitive to digital pressure both direct Jy downwards anil sideways, and the patient 
refrains from masticating for fear of pressing upon it. 

Acute periodontitis may affect several adjacent teeth as a result of physical 
agencies, such as surgical diathermy when Used for the removal of tumours of the 
gums or for the treatment of p}orrhu>a pockets. The greatest care should be 
taken to u&c such a type of diathermy current as will remove or desiccate the 
exuberant tissue without undue coagulation of the subjacent tissues. Sometimes 
these periodontitic teeth recover, but at other times the sensitiveness lasts so long 
that patients demand extraction for relief. 

When the cause is traumatic , there is perhaps only a slight hyperamria of the 
overlying gum. Host will bring relief, although the tooth may remain sensitive 
fora long period. 

When the cause is chemical, there is usually some necrosis of the gum margin 
typical of the escharotic. Arsenic produces a dead grey patch extending from the 
gingival margin. Sodium peroxide, which is sometimes used as a chemical cauter- 
ising agent, produces a gelatinous coagulum which spreads over the gum and 
ultimately washes away, leaving the bone denuded Recovery may or may not 
take place, depending mainly upon the degree of destruction. Injudicious use of 
arsenic devitalising fibre has been known to produce, not only coagulation of the 
gum due to leakage of the drug from under the temporary filling used to retain 
it, but also necrosis of the whole periodontal membrane and the lamina dura of 
tile socket, which ultimately comes away looking like a night-cap of dead bone 
upon the surface of the extracted root. 

When the cause is bacterial, the infection may be paradontal due to injury 
with a septic instrument, such as a toothpick, at the gum margin, hut it is more 
commonly apical and due to invasion of micro-organisms from the pulp via the 
apical foramina. Sometimes the sepsis appears to break through the dentine 
laterally and paradontal abscesses are formed ; these are seen in radiographs of 
the socket by the side of the root. Streptothrix infection of the jaws is also said to 
occur by inoculation into tbe periodontal membrane from injury at the gum margin. 

Sub-acute and chronic periodontitis is produced by a milder degree of the 
traumatic, physical and chemical injuries which cause the acute condition. An 
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orthodontic appliance pressing upon a tooth over a long period is an example of 
f raifliMf Korigm Sometimes the Toot of the tooth becomes added to by a deposition 
of secondary dentine, but more commonly in orthodontic cases it is absorbed by a 
rarefying periodontitis. It may or may not lie tender to pressure. 

Chronic localised periodontitis may also occur around live teeth by infection 
of the periodontal membrane from the gum margin. In its simplest form food- 
packing in the niter-dental space causes injury to the gingival attachment, and 
chrome infection of the periodontal membrane results. There is detachment and 
deep destruction of the supporting tissues of the tooth, including the bone of the 
soi hot and a localised pyorrhoea pocket is produced. 

Traumatic occlusion, which is the term used to define the effect of undue strain 
put upon an individual tooth during masticatory effort owing to faulty position 
of the tooth itself or of its opposite number, or to the strain of some mechanical 
contrivance, is also responsible for localised periodontitis. A common site is upon 
the palatal aspect of the root of the central incisor or of the first molar, which may 
be denuded deeply before the “ pocket ” is discovered. Sometimes these deep 
pockets completely undermine the affected root of a molar tooth and, infecting 
its pulp, give rise to severe pulpitis in a noil-carious and otherwise apparently 
healthy tooth The remaining roots of the molar may be unaffected and, since 
they hold the tooth firmly in the bone, the diagnosis is obscure in the absence of a 
radiograph coupled with a minute dental examination. The process of pocket 
formation is painless and unobsened by the patient unless the pocket, becoming 
pent up, forms a retention abscess. Drainage of the abscess cither by deep incision 
or by extraction is mdicated. 

When the periodontitis is mild and of long standing, two opposite effects are 
seen : sometimes there is a proliferation of cemeutum, which encases the lower 
portion of the root in succcssi\ e laj ers, described as exostosis of the root or cemen- 
tosis ; at other times there is a rarefaction leading to an absorption of the root, 
either evenly from the apex or in a localised patch. Occasionally the two processes 
alternate, and cases are recorded where absorption of the root in a localised 
patch or at the apex has been followed by a filling in with adventitious cementum. 
These teeth may or may not be sensithe to percussion. 

PABADONTAL INFECTION — PYORRlitEA 

In the healthy joung adult with a perfect set of teeth the gums are pale pink 
with a matt surface and are tightly bound down to the alveolar bone and to the 
necks of the teeth. There appears to be a process of continued eruption which 
goes on throughout life, with an elongation of the exposed portions of the teeth. 
In primitive aboriginal and archaic types with full complements of teeth meeting 
edge to edge, the normal attrition of mastication serves to grind the teeth short so 
that their normal tendency to protrude too far beyond the gum and supporting 
alveolus is counteracted and they remain firm. In modern man, whoso upper 
incisor teeth overlap his lower ones instead of meeting edge to edge, and whose 
diet 13 soft and not conducive to masticatory exercise, the teeth merely elongate 
and, perhaps through leverage and disuse, tend to become looser with increasing 
years The atrophy of old age affects the jaws as well as other parts of the skeleton, 
and this phenomenon must be remembered in assessing the pathogenicity of any 
given case of paradontosis. 
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There are three main types of paradontoris : the marginal, the proliferative, 
and the rarefying. One type, or all three types, may be present in the same mouth. 

in Marqinal mradoxtom. This is an extension of marginal gingivitis to 
the deeper parodontal tissues. It is tl.» type identified with chrome general 
periodontitis due to food stagnation (of Colycr)-it is the “ pyotrhcea of common 
Ulance. Purulent detachment of the supporting tissues by pocket-formation 
is initiated by bacterial injury in the gingival crev.ee. The predisposing factors 
are all those agents which interfere w ith oral hygiene, ranging from mouth-hmath- 
ing and ineffective methods of cleaning the teeth to local meehatucal _ol*tru hona 
such as tartar and the overhanging lodges of filling, and crowns. In the imt a 
stage of gingivitis the gum margin reacting to injury becomes swollen its 
colour may range from dusky red to cyanotic, and when dried It has a glased 
surface. Pressure upon the swollen margin causes pus to exude. tvaimnation 
under the gum with a fine dental probe Usually reveals round the neck of the too 
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a ring or collar of a dark calcareous deposit called scrunmal 
calculus. This eonctetion, the origin el which is obscure appeam to b. h gUy 

irritating, and its complete removal is followed by .miuedmto suta^euee of the 

inflammatory react, on in the gums. The ledge of a crown or fflmg app* m to art 
similarly. It is not clear whether the poeket is formed first and 
calculus forms within it, or whether the formation of sub-ging.vnl I cdculns causes 
detachment of the adjacent gum aud thus produces poc 'e or “ . a |,, c:1 Iisorl 
The earliest radiographic sign of infection from The 0™^ doml tho sidc 
widening of the periodontal space extending for a soIution of the lamina dura 
of the root towards the apex. This is J e5 t— i e. the marginal rim- 

in those portions of the sockets to be affected subjacent to it. 

and ultimately by the disappearance of £££"£* a vanety 
Distribution of the lesion in the teeth of the including the uncleans- 

of exciting factors, similar to those already men lone 2886), when it is 

able area below the convexity of the crown of a tilted molar l g 
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perhaps aggravated bv the trauma of faulty occlusion (traumatic occlusion). It 
may also be seen affecting all the teeth to a greater or lesser degree in the condition 
of general marginal paradontal disease associated with mouth-breathing or 
insufficient oral hygiene , 

Progress of the disease consists in the widening of the parodontal space and 
detachment of the connects c tissue fibres from the affected surface of the root, 
so forming the characteristic “ pocket.” The lymphatic system of the periodontal 
membrane is axial to the root, andtlicparadontal pockets therefore tend to elongate 
towards the apex rather than to encircle the roots. The rate of extension appears 
to depend upon the local and general resistance. A paradontal pocket, however, 
should not be ignored Under the most fa\ ourable circumstances neglect of it will 
ultimately cause the fovs of the tooth, an event of minor importance compared 
with the fact that the pocket acts as a portal allowing ingress and ultimate entrench- 
ments of infection m the cancellous bone of the jaws. Where a number of teeth arc 
affected the area of absorption becomes considerable. Deep and set ere pocketing 
with a circular erosion of the socket is associated w ith chronic Vincent’s infection, 
which results in a very destructive type of marginal pyorrhoea (see fig. 2887). 

(2) Prohferatuc parodontosis. There is a proliferative type of paradontal 
disturbance which is seen as a sclerosis affecting the bone more or less uniformly 
and accompanying a generalised cementosis (exostosis) of the roots of the teeth 
m those cases of low-grade infection in which resistance is good. It may 1>e 
associated with the marginal type of paradontosis or be independent of it. Unless 
the case is complicated by marginal disease, there is no pocket-formation and no 
disturbance of the gum margin in texture, form or colour. Clinical evidence 
of the condition is scanty. The percussion note of individual teeth is resonant’, 
but tram-illumination may show them to lie abnormally transparent. The 
diagnosis is clinched by radiography. Tins condition was known to former 
obserms as “ gouty teeth ” and is commonly associated w ith an arthritic diathesis. 
Removal of the exostosed teeth is properly carried out by the open operation. 
Ordinary extraction by means of forceps is difficult and traumatic, for the hone 
has become denser and unyielding and the teeth themselves arc often brittle. 
Healing of the socket is also slow, and excessive sclerosis interferes with the 


vascular supply of the alveolar lione and is largely responsible for the painful 
sequela to extraction in these cases known as “ dry socket.” 

(3) Rarefying parodontosis In contra-distinction to the proliferative type of 
paradontosis, which appears to be associated with a good resistance, there is a 
rarefying type which is always associated with poor resistance and is therefore 
seen most often in debilitated patients. It is not necessarily associated with 
marginal disease, and the earliest sign is radiographic rather than clinical. It 
manifests itself as a general even thickening of the periodontal membranes of all 
the teeth In its earliest stage the “ black ’’line of the periodontal shadow appears 
in the skiagram to be two or three tunes its normal thickness, with a corresponding 
reactionary thickening of the lamina dura if the resistance of the patient is still 
responsive (fig. 2888a). later, however, the periodontal space may appear ten or 
twelve times its normal width ; its wall of lamina dura has disappeared, and the 
root, instead of being clearly defined, has a “ fuzzy ” appearance (fig. 2888*). Teeth 
in this state may cause no local symptoms, although fromtime to time, as the perio- 
dontal membranes become congested, they may “ f ee l on edge.” Percussion in an 
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axial direction with a met.il instrument elicits a dull note, because of the cushion- 
ing of the swollen periodontal membrane, and on lateral palpation the teeth are 
slightly loose in their enlarged sockets. There is often an absorption of the dental 
apices. There appears to be a clo-e relation between this condition and toxaemia 
of other origin, notably intestinal. In advanced cases a heavy growth of strep- 
tococci is present in the alveolar sockets, ami there is a very high percentage in the 
faws. Remedial dental treatment alone is only palliative. These cases call rather 
for guarded removal of the teeth with due protection of the patient from the effects 
of the post -extracts c bacterial shower. Subsequent treatment should be directed 
towards eradicating the deep-seated infection from the jaws and raising the 
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iakwesino or thb t«x»tb. has trrmou. 
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patient’s resistance. By the time extraction is considered, these patients arc usually 
gravely debilitated and, if necessary, they should first be treated by raising their 
resistance by sera and physio- therapeutic measures. 

An exceptional type of gross rarefaction accompanied by hypertrophy of the 
gums affecting the permanent teeth has been seen in an adolescent in whom the 
enlarged gums formed longitudinal sauaage-like swellings on the buccal and lingual 
aspects of the permanent teeth. The hypertrophic condition appeared to be 
confined to the gingiva proper and not to involve the buccal mucosa, which was 
overlapped by the redundant swelling. The consistency of the swollen gum, 
instead of being densely* fibrous as is usually seen, was myxomatous and gave the 
mass, which was pale pink in colour, a peculiar translucency like that of the 
umbilical cord. The other prominent feature was the progressive marginal 
absorption of the alveolus of the teeth leading to their ultimate exfoliation. The 
teeth, as it were, floated out of the enlarged sockets into the hypertrophic tissue 
(see fig. 2889), and were ultimately shed. As soon as the tooth had been shed, the 
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swelling subjided. but it recurred when a further t ooth erupted- Eventually 

the remaining teeth were extracted and the redundant tissue teas excised- The 
edentulous alveolar ridges, except that they were greatly absorbed as in old age, 
presented a normal appearance and remained covered by firm muco- periosteum 
showing no tendency to enlargement. 

THE SCBCICAL TREATMENT OF PYORBHCEA 

For purposes of treatment, paradental infections may be divided into two 
groups according to the morbid anatomy : 

In one group, the lesion is that of a generalised absorption of the sockets 
leading to widening of the periodontal space. A so-called “ thickening ” of the 
periodontal membrane is seen in the skiagrams. There is no initial “ pocketing " 
in the gums nor lets of bone from the inter-dental crests. The disease appears to 
afiect the whole socket uniformly and is general throughout the denture. The 
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origin is obscure, but it is constitutional rather than local, and toxaemia from some 
other source, such as the large bowel, has been suggested as an associated if not a 
contributory factor. Patients with this type of parudontal disturbance are usually 
in a debilitated state and local dental treatment is only palliative. A more thorough 
practice of oral hygiene may improve the condition by stimulating the gums and 
lessening the pabulum for bacteria. Much assistance may be obtained from the 
administration of an autogenous vaccine and by the application of intra-oral 
diathermy with the special electrodes invented by the writer. In the more 
severe cases, however, the prognosis is bad and extraction of the teeth, together 
with measures for eliminating residual sepsis from the alveolar bone, should be 
carried out promptly. 

In the second gioup, the lesion is that of a localised absorption of the socket, 
beginning at the margin and progressing towards the apex of the affected teeth. 
In contrast to the first group, not every tooth in the denture is necessarily involved, 
and the lesion is often locally aggravated in a portion of the particular socket. 
In these places the gum is detached and clinical examination shows pocket - 
formation. The cause is apparently local, and the patients are not necessarily 
either ill from toxic absorption or constitutionally debilitated as in the previous 
group. Local surgical treatment is indicated and may be coupled w ith such other 
therapeutic assistance as the progress of the case appears to suggest 

Local treatment is as follows : A full set of intra-oral films is taken, and by 
reference to these, as well as by a clinical examination with a fine seeker, the depth 
and extent of the various pockets are determined. The intention is to cut out the 
whole of that segment of gum which is found to be detached from the tooth* 
so as to eradicate the undraining space and to leave the affected portion of the root 
bare and easy to clean. Although any portion of the individual sockets may be 
affected, it is common to find the deeper pockets intcr-dcutally, and it is therefore 
convenient to cut out the inter-dental papilla so as to leave between adjacent 
teeth a triangular space, which must be kept clean by the patient, instead of two 
pockets which he cannot clean. At the same time, the toots of the teeth are curetted 
to free them from calculus and carious ccuicntura, and the bone forming the base 
of. th& fra* fro.\\ watenal. With, suitable 

mouth-washes and gingival massage the gums heal firmly and, provided the patient 
carries out a careful daily hygiene, a successful result may be anticipated. In 
practice, where a number of adjacent teeth are affected, two methods are offered : 

(1) Gingivcctomy. With a conveniently shaped, double-edged knife, an incision 
varying with the depth of the consecutive pockets is made in the muco-perioateum 
on the buccal side of the alveolus supporting the teeth and a similar incision on the 
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palatal or ltngn.il aspect. In botlx instances care is taken to force the blade well 
between the teeth in the inter-dental space so that the inter-dental pad of gum is 
cat loose from the bone By means of a sharp raspatory the portion of gum forming 
the gingi val mar gin with the inter-dental papilla} is stripped away, the papilke 
being incised where necessary to allow complete detachment from the teeth (see 
fig. 2&&0). The roots of the teeth and the alveolar bone arc thoroughly scraped, 
and then irrigated with a mild antiseptic lotion. Healing is by granulation and 
ultimate epithebalisaticn 

U\ 0n>g\’O]iail’j In thi3 operation the inter-dental papilke are incised 
Tin-v >-«> 1\- and the gams on the external and internal aspects of the teeth are 
fri-eh pc* led back so as to expose the roots and the supporting alveolus. With the 
ljp. -*n»ablv retracted the mter-dental bone and the roots of the teeth are 
. r--t«d after which the gum is returned to place. Redundant tissue is trimmed 
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away with scissors and fine sutures are passed from side to side through the inter- 
dental spaces so as to hold the internal and external flaps tightly in place against the 
teeth. Healing is by first intention (fig. 2*91). 

Both operations have their advantages. Gingivcctomy is more applicable 
to the treatment of individual pockets ; gmgivoplasty is more suitable to extensive 
cases. In both cases pre-operative cUansing of the field by scaling and the filling 
of canons cavities and post-operative hygiene and massage are essential to success. 
>0t only should the patient be directed how to keep the necks of the teeth 
< ? l ! s ^ * ee f 00 *! ’debris, but he should be encouraged to massage the gums 

by brushing them and to comify the inter-dental papilla by rubbing through the 
spaces with wooden toothpicks and with dental tape. 


mpoETAicE or rnriL sepsis dc nntaTro.v 10 oExntan sceceey 
A lthough the general erngeon may not be called upon to tarry out himself an) 
fL h,m rr” T "if »•»■». T« t . it is to his advantage and that of the patient 

or inn, to have knowledge of dental dhotders. Ibis is of particular importance 

iliDS ^ ^ firet * - Ulustratior 

3f“ *° T for cvample, cataract extraction 

f d “*ol sepsis has resulted in Jost-opemtive iritis ane 
faSSd b r cta “’ ' ei o' uli ° 11 “ ot oroorriug Until the dentu 

htotme col ^ e ra "‘ Cr d,fcu “ English and Ainericar 

lon7i“” '" a 7° n ‘ nk ' ma -‘ *» ‘■“‘o' toxeemin producing delayed 
union and non-union in fractnres of the Ion. bones 

ties ofS “ re t"T- tle “ ,ratti0, ‘ of Solved teeth and the eiadioa- 

tica of all local sepsis is the first step in the treatment of fractured jaws. More- 
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over, until this local sepsis has been cleared, no attempt at union can be expected. 
Again, in such a premeditated operation as that of partial gastrectomy, a routine 
search for a septic focus in the mouth, its elimination, if found, and in any case 
pre-operative scaling and polishing with a correct course of dental hygiene will in 
many cases not only guard the patient against the effects of swallowed poisons 
hut relieve him from the toxmmic debility and anaunia that is occasioned by 
oral sepsis. E\en when the dental sepsis is insufficient of itself to initiato harm 
it has often been demonstrated to constitute the latent factor which has swung 
the balance to the side of infirmity. Moreover, in all major operations where 
general anesthesia is Used, the danger of aspirating septic material from the mouth 
is always present. 

To summarise, in the wide practice of surgery it appears that oral surgery 
ha3 assumed a new importance as a local field, but it is my belief that it will 
attain a far greater distinction in its relationship to systemic medicine. 
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GOXOIIRHCE.V 


A. Malcolm Simpson- 


CHAPTER I 

Treatment op tub Recent Acute Case 

Gonorruiea is a contagious disease caused by a specific organism, the 
gonococcus of Xcisscr. The common site of mfect.on is the gemto 
urinary tract in both males and females. 

ANATOMY 

Before studying the treatment of the disease in tire ..rale it is useful to have an 
understanding of tiro surgical anatomy of tUo male unun- f 

The urethra is divided into tivo portions, anterior and posterior, the pome or 
division bdiig* the compressor urethL muscle which surrounds the membranous 

UrC, t ( ^Sm is siN ittches lung, and <» 

urinarius, the narrowest portion (average calibre A ioo{ one 

navicular is, one inch long (calibre 30-33 Chamcre), an “ charriere), on 

iarge pit, the lacuna rnagua ; (5) the Pfuie EL 
tlio roof of winch are numerous glands , an ( ) glands of 

40-15 Charriere), usuaUy containing only a few glamh on its rooL ihc^ ^ ^ 
Cowper open into the floor of the bulbous portion. p , bo re l aX ed 

powerful voluntary muscle which easily ^ cmbran e of novocaino, 

by an effort of will or by the application > • v a b Q ut three- 

pcrcaine, or similar drugs. a few glands open into it. 

’“S '^OChartiL,! 
long, and its mucous membrane ,s highly scnst.tve and 

a few glands in the roof and sides. On the floor ltes the ™»«— “ ' ioll 
ridge The sinus poeularis or uterus masculu.ua » ^ulatory 

—roofed or unroofed— in the verumontanum. e MP g a me dium 

ducts in relation to the veruraontanum may one ducts ( t he com - 

sinus poeularis, showing on its bps the orifices ] verumontanum, 

mones P t type) ; (2) an open sinus ^ (3) there 

the ejaculatory ducts openmg on each Side oft q - ug on the middle walls 

is no medium sinus poeularis, the e]»cula J & medium sinus poeularis 

of the verumontanum (“ Diver s Helme ) » 
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with ejaculatory ducts owning on the floor of the sinus. The posterior urethra is 
cut ofl from the blatldt rbyaw eak involuntary muscle, the internal sphincter of t he 
bladder It is a potent offguard against the spread of urethritis to the bladder, 
the bladder rnueous membrane being also highly resistant to the gonococcus. 

On th* roof and side* of the anterior urethra— and occasionally on the floor- 
are numerous the lacuna; of Morgagni, the largest of which is the lacuna 

magna In addition there are, on the roof, sides, and occasionally on the floor, 
tPQ or *ift. r n ,,j> rung' of the glands of Littre which secrete mucus, the ducts open- 
ing to’i s *l- »he nnatal onflee. The opening is often in the centre of one of the 
i M TJ„ ur* »hr.u« lined bv a mucous membrane, showing stratified epithelium 



at the meatus and in the fos-a navicularis, and columnar epithelium further back. 
Underneath it U the submucous \ascular areolar coat containing elastic fibres. 
A layer of unstnped muscle-fibres arranged in circular rings lies directly under the 
submucous coat, the cac emous tissue of the corpus spongiosum being deep to this. 


In the majority of eases urethritis is contracted by connection with 
a woman infected with gonorrhoea, but all urethral discharoes are not 
necessarily due to the gonococcus, and it is essential that before treat- 
ment is begun the examination of a patient complaining of this condi- 
tion should be a careful one as to the history, the symptoms, and 
especially the bacteriological examination of the discharge, Xote is 
of ,lu ’ mcuhation period— 2 to 7 days (usually 3 to 5) in 
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gonorrhoea, and generally 10 to 21 days in non-gonococcal urethritis. 
Absence of pain and burning micturition may occur in recent gono- 
coccal infections and is not evidence against gonorrhoea. Enquiry 
should be made as to whether antiseptics have been injected following 
coitus. s 

The patient should be stripped, the external genitals examined, and 
note made as to the nature of the discharge, smears being taken. If 
there is a prepuce this is cleansed and the sub-preputial sac and glans 
penis examined, the presence of balanitis being duly noted. The penis 
is palpated to ascertain if there is any thickening of the dorsal lym- 
phatics, and the lymphatic glands in the groin arc also felt. 

The meatus is next examined for the presence of any para-urethral 
canals, for redness and oedema of the lips, or the presence of any sore. 
Palpation should reveal any induration inside the meatus. The meatus 
is then cleaned, and a sterilised platinum loop, or sterile cotton wool 
on a holder, gently inserted into the urethra. The specimen so obtained 
is used for making smears and cultures. If no discharge is seen, the 
patient then passes urine, and if no pus is found in this, the case is one 
of balanitis. A smear is in most instances sufficient to make a diagnosis 
in acute cases, but a culture may also be required for social or medico- 
legal reasons. In acute cases of gonorrhoea a film, stained very quickly 
by Locffier’s methylene blue, showing pus cells filled with intra-cellular 
diplococci, is sufficient for diagnostic purposes, though a Gram stain 
should, if possible, be carried out as well (see frontispiece). 

If on examination no gonococci are found, a diagnosis of non-specific urethritis 
may be made, and it may be advisable here to give the causes. They arc as follows : 

(1) Excessive indulgence in sexual intercourse, associated with consumption of 
alcohol, and followed by prophylactic injections of strong antiseptics. Inflamed 
Littre’s glands and distended lacunae, seen urcthroscopically, are very suggestive 
of this condition. 

(2) The passage of uric acid or oxalate crystals, a heavy pliosphaturia, or the 
taking of asparagus, watercress, strawberries, and such drugs as cantharides or 
turpentine. 

(3) The injection of irritating chemicals, such as strong perchloride of mercury 
or silver salts. 

(4) Trauma from foreign bodies and catheters. 

(5) Infection with, protozoa and fungi, viz. Trichomonas vaginalis. 

(6) The result of chronic non-specific prostatitis and vesiculitis due to B. coli, 
streptococci, staphylococci or B. tuberculosis. 

Finally, a general view is taken of the skin of the patient’s trunk or 
limbs to see whether there is any evidence of present or past syphilitic 
lesions. 

VOL. m. — 3 g* 
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MAIN LINES or TREATMENT 

The basis of treatment in gonorrhoea consists of: (1) mechanical 
antiseptic cleansing of the infected tract ; (2) adequate drainage of the 
infected area ; and (3) tlie raising of general tissue resistance by all 
means possible, including the help of general and specific remedies. 

A new form of treatment may licrc be mentioned, of which the writer has not 
yet had any practical experience— namely, the production of artificial fever by 
moans of a Kettering “ Hypcitherm.” The patient is exposed to a temperature 
of 1(16 F for six to eight hours at cadi session, with intervals of three to 
seven (lava between each, the average number of besaions being five. Very satis- 
fietory results are reported (Desjardins and others ; Journ. Amer. Med. Assoc., 
Mirch 10, 1035) 

In describing the treatment of recent acute gonorrhoea, it is best to 
consider the six clinical types of the disease in its acute stage : 

(1) Aborted acute gonorrhoea; (2) Incompletely aborted acute gono- 
rrhoea; (3) Acute anterior gonorrhoea icith complications ; (4) Latent pos- 
terior gonococcal infection ; (5) Acute anterior ami posterior infection — 
mild; and (0) Acute anterior and posterior infection — severe, with 
complications. 

Instructions to Patient. 

The detailed treatment of the various types is dealt with later in 
this chapter. Success, however, also depends upon the patient’s mode 
of life, and the following instructions should be handed to him in writing 
and made clear to him in every instance : 

General Warnings. 

(1) Even though there is no urethral discharge, you may still be infectious. 

(2) Do not convey discharge from the fingers to the eyes. 

(3) Be careful not to convoy infection to other people by towels, baths or 
lavatory seats. 

Directions as to mode of life. 

(1) Do not drink alcohol in any form. 

(2) Refrain from any kind of sexual excitement. 

(3) Do not ride a horse or bicycle- 

(4) Avoid such articles of diet as curry, ginger, pickles, vinegar, mustard 
ami pepper. Meat will do you no harm. 

(5) Take plenty of fluid,, especially plain water and the ordinary mineral 
waters — l to 8 pints daily. 

(6) Thebest results are obtained if you licup in bed during the first three weeks. 

(7) If you suffer from painful erections while in bed, you will find relief in 
passing water 

USE OP DRUGS 

Drugs alone win not cure gonorrhoea. Sandal-wood preparations 
are only useful m diminishing the discharge, especially if there is greatly 
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increased frequency of micturition and intense pain at the end of the 
act, as in hyper-acute cases with a red and swollen mucous membrane. 
The preparations I have found most useful are arheol capsules and 
elixir saw palmetto et santal. Probably the best general drug is 
potassium citrate given in a mixture with potassium bicarbonate, 
tinctura hyoscyami and infusio bucliu. This is a good routine internal 
treatment. Pyridium has been used largely in the last few years, and 
it seems to be of undoubted service as it lias been shown actually to 
impregnate the tissues of the prostate and seminal vesicles. 

TREATMENT OP TYPES 1, 2 AND 3 
Anterior Irrigation ( of Janet). 

It is essential to havo practice hi this method lor the treatment of gonorrhoea 
to be successful. The apparatus required consists of a glass, metal or rubber 
receptacle capable of holding at least t\\ o to four pints of fluid, and of being raised 


r<g. 2S93 — Join's iKKioiTiox oernr 


four to five feet above the level of the patient’s urethra (fig. 2893). Fitted to the 
lower end of this receptacle is six to nine feet of rubber tubing provided with a 
strong clip, to the free end of which is attached a metal nozzle and shield, all in 
one piece, or a metal shield with separate nozzles. In anterior irrigation the patient 
lies on a couch with a receiver — preferably boat-shaped — between his legs. If 
treating himself he stands or sits. For anterior irrigation the container should 
be raised two to three feet above the level of the urethra, the operator grasping 
the rubber tubing above the stem of the nozzle, releasing the chp, and, with his 
left hand, holding the penis. He opens out the meatus and inserts the nozzle. 
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allowing the fluid to flow into the urethra. It flows as far as the compressor 
muscle, where, meeting resistance, it turns hack and flows round the mouth of the 
nozzle. By quickly pressing the nozzle to and fro in the urethra and then with- 
drawing it slightly, the urethra is alternately “ ballooned ” and collapsed, so that 
the fluid bathes the whole of the mucous membrane. The greatest gentleness 
must be used, especially if the urethra is acutely inflamed, and the treatment may 
he started with the container held at a height of only one foot. 

Posterior Irrigation. 

The irrigator is raised to a height of three to four feet above the patient's 
urethra When the anterior urethra has been washed out with one pint, the 
nozzle is advanced until the meatus is blocked. The patient is then told to relax 
his mi use ks and to make the action of passing water without straining. (It may be 
in t »<,, irv to use a drachm of 2 per cent novocainc or 1 in 1000 percaine inserted 
ini' i the uretlira and milked down into the bulb.) The muscles being relaxed, the 
fluid passes into the bladder, and when this is nearly full the patient expels the 
fluid m the ordinary way. 

Aborted Acute Gonorihaa ( Type 1). If the discharge is of less than 
1*2 hours duration, and by the test to be described the infection is 
proved to be limited to the first two or three inches of the anterior 
urethra, the abortive treatment by instillation of some silver preparation 
and In irrigation with potassium permanganate should be tried. If, 
hoiuver. the history of the discharge is longer than 12 hotus, and if 
there is any suspicion of early posterior infection, abortive treatment 
should not be considered. 

U rine Tctts. There arc two tests used to distinguish between anterior 
and posterior infection : In the first the anterior urethra is washed out 
with 2 pints of 1 in 8000 oxycyanide of mercury, and when the washings 
are dear the patient passes urine. If the urine is clear, there is no 
posterior infection. If there is a purulent haze, then there is an anterior 
and a posterior infection. The second, a rough test, is called the “ three- 
glass test.” The patient should pass not more than 3-4 oz. into the first 
glass. The three examples below illustrate how the findings may be 
interpreted : 

(1) First glass : Haze T 

Second glass : Clear >Probably an anterior urethritis. 

Third glass : Clear J 

(2) First glass : Haze | 

Second glass : Haze l A 8evcre anterior only, or anterior and probably 

Third glass : Clear J P° sterior urethritis. 

(3) First glass : Haze 

Second glass : Haze L” roba bly anterior and posterior urethritis, and 

Third glass: Haze J possibly trigonitis. 


In incompletely aborted acute gonorrhoea (Typ 
of the patient holding urine for at least two hours. 


e 2) the test consists 
The urethra is then 
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compressed at the peno-scrotal junction aiul is washed out with 2 pints 
of oxycyanidc of mercury, 1 in S000, until the washings are clear. The 
anterior urethra is next washed out with the same solution of oxy- 
cyanidc, but with no compression at the pcno-scrotal junction. This 
washing is examined to see if it is clear. The patient then passes urine. 
If the second oxycyanide washing is clear and the urine passed is clear, 
abortive treatment should then be started. 

Irrigation Treatment. The anterior urethra having been washed out 
with 2 pints of 1 in G000 permanganate of potash, flowing from a height 
of 3 feet, 5 cc. of silver nitrate, 3 gns. to the ounce, or neoreargon 5 per 
cent, or neoprotosi! 10 per cent, or argyrol 10 per cent is instilled into 
the anterior urethra, which is gently ballooned out by a blunt-pointed, 
all-glass urethra! syringe, anil the solution held for 5 to 10 minutes 
by means of a clip being applied to the glans penis, a few drops being 
allowed to trickle out from time to time to make certain that some of 
it conies in contact with the fossa navicularis. 

Twelve hours later an anterior irrigation is given of 2 pints of I in 
6000 potassium permanganate. This technique should be repeated for 
three days, the contra-indicatiou being haemorrhage or marked oedema 
of the penis. If on the fourth day there is, on examination of an all- 
night retention of urine, only a thin discharge merely showing squamous 
epithelium and no gonococci, it is probable that abortive treatment 
has been successful, and the anterior irrigation with 2 pints of 1 in 6000 
potassium permanganate should be continued for three or four more 
days. 

Should the discharge still show no pus cells or gonococci, the treat- 
ment should be suspended and the patient examined 24 hours later. If 
by that time there is no relapse, aud if uretbroscopic examination shows 
no evidence of infected follicles, and palpation of the urethra on a 
straight French steel bougie, Charriere 22, no peri-urethral swelling, 
the patient should take a provocative dose of alcohol. In the absence 
of a relapse during the next 48 hours he can be passed as cured. 

Two objections to abortive treatment are the pain and the fact that 
if it is unsuccessful a posterior infection often follows. In a large majority 
of cases — especially those where the attack is a second one and the 
anterior urethra is smooth — abortive treatment with Janet’s irrigation, 
using potassium permanganate (1 in 6000-1 in 4000) twice daily, is often 
successful. 

Incompletely Aborted Acute Gonorrhoea (Type 2). If, following three 
days’ abortive treatment, a discharge containing gonococci is present, 
or where non-specific prostatitis can be excluded and pus without any 
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gonococci is evident, then anterior irrigation with 1 in 0000 potassium 
permanganate should he (ontinued for another It to 21 dajs. If at 
the end of that time there is no purulent urethral discharge on examina- 
tion of an all-night retention of urine, treatment should Ik: suspended 
and, m the ab-eme of a relapse, further ex.unin.it ion by urethroscope 
and palpation should l>e nude as just described. 

• h < lf> .tvOnor tionurrlma icit/i Complication* (Tyjif 3). In this type 
t Ik inff ( t mu remains anterior, but after three or four w ccks' daily anterior 
irrigation a urethral discharge containing gonococci still persists. Jn 
h a ta«K* there is some complication present in tin* anterior urethra. 
! r nu\ be any one of the following conditions: (I) peri- urethra I 
m hit rat ions ("pas"); (2) peri-urethral bIkcm; (3) inflamed 

I. ittres glands (or lacutuu of .Morgagni); (l) soft intiltration ; 
b’d para-urethral follicles; or (0) old hard stricture. 

In Type 3 infections, a rectal examination should always be made, 
even though the case appears to be one of anterior infection only. A 
straight steel bougie should be passed, and the urethra paljiatcd on it. 
An) peri-urethral swelling demands a urethro-copic examination, but 
this should not be made until all the acute inflammation has subsided, 
and until the urine, while irrigation U being carried on, shows no thick 
purulent haze. 

Before dealing with the anterior complications of acute gonorrhoea 
it will be as well to give a short account of the uses of urethroscopy : 


VSE or THE URETHEO-COrE 

tkJwtaWL 1 Tr' s «>’ “ ‘hi.!. llat air U wd to distend 
cnlEtho?Wn '^"“‘•ftUca.uia.ayfromH.cio.trmncUn.I 

w J ; e ;T C -‘ n T U ' y * U,Ur “S' P«* th. —I i. 

Littrf-. S, ' 'V hc, J“. m al.tl.rr Luumoor the opening! of 

parativclyS.y. ^ ' “ J mk “ Jra trartio n of infected follicle, com- 

bclloo-s t! ‘° ° b “ n ' l ' r Uo “’ *>■« 

tube, flavins rrahta m Z V, 'T piw * “ 24 urethroscope 

turn, on the air. Tbe bulbous itmlLAl ° ’'‘“urethroscope and Ib.n 

compressor uretlino lnn« at tln« 1 ’» out w,, h a i f . U now seen vnth the 

observer sLouJd gnwluaUv with ,Iie ur cthra is examined, tbo 

*• r .b,a - f ° f 

^oniial Appearance* (fig. 2891 a) ^ ' 

andSL^Se—mT' “ o' ^ «' “"“mutCy contracting 
lie a cavera, TbebulbappcJ 

UmS with longitudinal Ica.bc. of veSds. 
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F\j 2891 — UecTHBOsCOnc aertaRAserx. 

A Normal appearances. 

H. Soft m&ltralioa. 

C Bridle or crescent stricture. 

D Annular stricture 

E. Taaatl strKtare 

F. Infected follicle. 
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The openings of Cowper'sglamlscan rarely be seen, though the circular involuntary 
rousclei lying outside the mucous membrane are easily observed. When more 
air is admitted, the circular muscle-fibres are flattened out and the walls appear 
smooth and ^listening and of a yellowish-pink colour. Occasionally one may see 
the mouths of glands on the roof. The penile urethra appears as a cylindrical 
tube, narrower than the bulb, and the circular muscle-fibres and smooth glistening 
mucous membrane resemble those of the bulb. On the roof the openings of 
Littr*' s ahnds can easily be seen, arranged in a single row, while a few may be 
demrn.tratf d m the lateral walls of the floor. A few large pits or lacunre of .Mor- 
j umi r.ia' b>* ob'<*md glistening with mucus. In the fossa navicularia is seen a 
pir « hii h opens on the roof— the lacuna magna. 

Ap]<arances. 

H) Tie Early Acute Case la this condition the whole mucous membrane 
mpdrs somewhat hyperttnuc and Eodden. It dilates moderately with air. On 
*' - roof may be seen several tiny beads of pus lying m the mouths of the openings 
of Littre s glands, surrounded by a red areola. 

(2) The Later Sub- Acute Case After six weeks, in addition to the above 
appearances, it may be noted that the wall of the bulbous and penile urethra docs 
not dilate properly with air. and that there are red and ccdeinatou3 masses giving 
the appearance of hsmonhoids bulging in the lumen of the urethra. This con- 
dition is a soft infiltration or stricture. 

(3) Urcthnlis of Six Months' Duration. A portion of the canal docs not 
dilate properly, but its walls are smooth and pale pink. There is no (Edema, and 
no fibrous tissue edge is seen. This is the intermediate type of stricture. 

1-1) I'rctlmti* of Oier a Vtar's Duration In these cases a fibrous stricture may 
be found of the various types described in Volume II, pa"c 3074. 

Rare uretbroscopic appearances {unconnected with gonorrhcca) are : Warts, 
cy»ts, leukoplakia, polypi, angiomata, and ‘‘millet seeds” — tiny grey bodies of 
Ivmphoid tissue. 

TREATMENT OF ANTERIOR COMPLICATIONS 
The six anterior complications enumerated under Type 3 (see 
page 5234) will now he discussed. 


Pen-urethral Infiltration and Abscesses (fig. 2S95). 

In the average individual no glands or lacuna: ate found on the Soot 
of the urethra except Cowper s glands. Sometimes, however, they are 
present, tt hen they are usually oflargc size. If one of these glands is 
infected, a pen-urethral infiltration may form. When a peri-urethral 
nodule IS felt, a straight steel bougie (Cliarriere 22 to 23) should he 
passed ana gentle massage done over it. The bougie is then taken out 
and a fenestrated urethral tube is passed, with niliber bulb attached, 
the meatus being completely blocked (fig. 2S3G.t). The rubber bulb is 
squeezed, and the vacuum so produced is maintained for five minutes. 
The tube „ then removed and an anterior irrigation given. This treat- 
ment IS tamed out daily and a cure may often he effected in two to 
three weeks If, however, such measures are ineffectual, the nodule 
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may increase in size until a fluctuating swelling (peri-urethral abscess) 
the size of a walnut is formed. This should be opened by an incision 
in the skin, a straight steel bougie being held in the urethra as a guide. 

The infected gland may persist as a small, hard, pea-like nodule 
( w peas "), the opening of the urethra being closed for long periods and 



then discharging again, giving rise to an attack of urethritis. This 
relapsing condition may, and often docs, persist for many years. In 
such cases, a straight steel bougie is passed, the small nodule is kept 
fixed on the bougie, and, under local anaesthesia, a crucial incision is 


F‘<j 28!>6 — Suction 

APPARATUS. 


made down to the instrument. A tiny drop of pus or a little discoloured 
blood may be seen. A fine probe coated with solid silver nitrate, or a 
cautery point, is then passed down to the bougie, and the tract and 
surrounding area arc thoroughly cauterised. A small gauze drain is kept 
in for two or three days, and the wound rapidly closes up. There is little 
danger of the formation of a fistula. If, however, a sinus should occur. 
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either following this operation or os the result of the i lifeete.J gland 
bursting of its own at cord on tin* outside, then a straight i-ihcr l>oiigi« 
(oatid with tiKir nitrate, or :i tautery ]ioint, is passed down to the 
bottom of the Hints an.l the lr.nk thoroughly cauteri-ed. This |iro- 
redltre is r. [ . al.d in a few- days' time. If this fails, n catheter should 
he tied into the Madder for a few days until the fistula is healed. There 
mas I ' a sirs tore in the neighbourhood of the sinus, and this must be 
tr» it<tl .it the si tile time. 

I «// hurt's (Hands ami Ijicumi Magna. 

[ r< 1 1t rift opv reveals the condition df^rilK-d in " wtly acute 
t .s> , In treatment the u^j of a htraight Wm h Wugie, toother with 
’ i.*agi followed hy Miction, may piovc mmcc-TuI. If, however, the 
- )i iiition ►till pcrd>tH, it is nm.vMry to proW the infii ted gland-* and 
i k uiut* through the urethrae ojhs The wire vvhu li is iki! for probing 
w heated, and h 1\ or nitrate is fu^-d on to it. Win n the urethra in dis- 
tended with air, the .swollen mouths of UttreV glam Is are plainly seen 
exuding pui. The lacuna* may al>o he hui di-tc-mbd with pus. 
The probe i.s then moved down on to the punib i.t hwi lling, the urethral 
tube Wing manipulated so that the proW ‘ink-* will into it. A little 
blood and a white area result from the taut, ri-s.it ion by diver nitrate. 
An anterior and jio-tcrior irrigation with 1 in s( Hi jx>t.i>.'ium jH-mian- 
ganatc is iimnediately given, and the daily anterior irrigation with I in 
(>000 potassium permanganate is continued. Within twelve hours of 
this cauterisation, a market) r»-.u tion occurs < on-tituting a profu-c dW 
charge of thick pus with blood, whith Mib-iiha afttr forty-eight hours. 

This small o|>enition nuy lie repeated in a week** time if urethro- 
scopy shows any infected gland or lacuna. When the condition is 
definitely cured a small scar h, left. There is no danger of stricture 
following this opt ration. 

Soft Infiltrations. 

Urethroscopy reveals the condition described on page .'>2.10 under 

the later hub-acute caw;." At hrst, treatment lonsists of the pledge 
of a straight steel bougie eu-ty tliinl or fourth day, with daily anterior 
irrigation After two or three weeks a straight Kolliuanli irrigating 
ddator -nould be used. This three-bladed dilator i, constructed so tliat 
the bl.en - pass tlirouglla small meatus fit Cl, .mu-re) and can, when the 
instrument is m place, be screwed up to SWi ChatriCre according to 
the part of the urethra to be dilated. This instrument must be used 
w-ith the utmost gentleness. It must never 1* employed in the acute 
stages or when there is a purulent haze in the urine. So local 
Muesthetic must be employed, as this will numb the patient's 
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sensations and might allow the urethra to be torn, resulting in serious 
bleeding. The patient should experience only a slight discomfort and 
stretching. The treatment is given every fourtli to seventh day, and 
the dilatation must be very gradual, 1 to 2 mm. increase being made at 
each treatment. Slight bleeding is an indication for increasing the 
intervals and making the dilatation more gradual. The cure of a soft 
infiltration should take about four to six weeks, and the patient should 
afterwards be kept under observation, so that any subsequent con- 
traction can be seen and treated by the passage of curved steel bougies. 

Para-urethral Follicles. 

Associated with maldovclopmcnt of the glans penis and urethra are 
found blind pits lined by epithelium and usually l -inch in length. 
They are mostly found on the floor and sides of a liypospadial urethra. 
When infected, redness and oedema appear round the follicle, and pus 
is seen issuing forth, sometimes giving the appearance of a chancre or 
chancroid. If left alone the abscess may burst and resolve, and it 
often relapses for an indefinite period. The chronic induration of the 
abscess wall with a closed opening may form a small fibrotic tumour. 
These pits can be easily destroyed by a probe on which is fused silver 
nitrate, or by the actual cautery. 

Old Hard Stricture. 

A full account of the treatment of this condition appears in 
Volume II, page 3074. 

TREATMENT OF TYPES 4, 5 AND C 

The above types include latent posterior gonococcal infection (Type 4), 
acute anterior and 'posterior infection — mild (Type 5), and acute anterior 
and posterior infection — severe, with complications (Type G). 

The conditions which predispose to these infections are sexual inter- 
course and excitement, consumption of alcohol, riding, heavy manual 
work, rough instrumentation, and massage of the prostate undertaken 
too early. 

As the examination of the prostate in posterior urethral infections 
is of the greatest importance, being the key to their successful treat- 
ment, a short account will first be given together with the technique 
of the examination and massage of this organ, and the appearance of the 
fluid expressed from it. 

Examination of the Prostate and Seminal Vesicles 

On palpating the prostate and seminal vesicles from the rectum we feel on the 
upper border of the gland a notch lying between the upper poles of the lateral 
lobes. Extending beyond this notch are the seminal vesicles (in the healthy state 
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mat palpable), the ducts of which converge towards the mid- or urethral line. 
Below the seminal vesicles are the dilated extremities of the vasa deferentu. 

Types oj Prostatitis and Vesiculitis. 

The following are the chief conditions met with on palpation : (I) The prostate 
is slightly enlarged and tende r, generally soft, with a few small scattered Irani areas, 
the seminal \endc* being barely palpable ; (2) The prostate is definitely enlarged, 
tender ard im/gj , (3) Little change is noticeable in the prostate itself, but one 
or !»th \f'K W are Lard, cystic and pear-shaped ; (4) A central hard mass is felt 
surround* d bv normal prostatic ti*aue (enejsted abscess); (a) fhe prostate is 
r> s r 1. r, * nlarged, tense and globular ; and (0) A small soft area U felt with a 

1 p '! rL> 'interior rectal wall (an old prostatic ab-»ccs.s which has burst into the 

l fringe of Prolate and Vesicles. The prostate and ‘cminal \ csiclfs must 
r ,t )j. nuvuged in the acute stages, and it is rare for this procedure to be under- 
ti,«n tafore the fifth week from the onset of the dLcharge in a recent acute 
Intel tion. even though on palpation the prostate and vesicles give no evidence of 
a'litc inflammation. Special care is required in massage where there is, in very 
tender prostates, calculous or tuberculous prO'tatitu, and in cases of fibrous or 
hypertrophic prostates. In each instance massage should either not be undertaken, 
or be carried out with special care. 

The technique of massage is as follows : The patient should be placed in the 
knee-elbow position, or bending over with his Linds touching his toes. A gloved 
finger is passed well up to the upper pole of the lateral lobes, and is then brought 
down in a direction parallel to the mid-line, the Literal lobes being emptied in 
three or four strokes. After both lateral lobes have been emptied in this manner, 
the finger is passed well up and outwards be) ond the median sulcus of the prostate, 
and is brought down several times in order to empty the seminal vesicles, with 
some procure finally exerted on the symphysis pubis. By this means fluid is 
expressed into the posterior urethra and then past the compressor urethra; into 
the anterior urethra, whence it can be obtained for purposes of microscopical 
examination. Proatatic massage should be carried out every fourth or fifth day. 

77te PtoUaUc Fluid. Morevval prostatie fluid is faintly opalescent and of homo- 
geneous character (fig. 2<d<7). In inflammation of the prostate it may be opaque 
and turbid, granular, or definitely yellow and purulent. It is sometimes found 
that what appears to be normal microscopically may on microscopical examina- 
tion show many pus cells in the field. It is therefore essential to make a micro- 
scopic examination of the fluid, as the finding of pus cells-more than tw o or three 
to a field— means that the prostate is inflamed and treatment is necessary to effect 
a cure. If, m these mild cn.es, diagnosis is made by palpation only, the prostatitis 
may be mis^d and necessary treatment omitted. 

LaleiU Posterior Gonococcal In/ediott (Type 4). 

In Type 4 the infection appears to be anterior by the tests that have 
been applied, but after three Meeks' anterior irrigation the discharge 
stilt persists and no anterior complications are fonnd on examination, 
fhe urine has always remained free from a purulent haze, though 
occasionally there may have been a slight haze, disappearing after a 
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few hours. In the large majority of such cases the posterior infection 
spreads to the prostate aud seminal vesicles via the lymphatics and 
not by surface contact along the urethral mucous membrane. 

Acute Anterior and Posterior Infection — Mild ( Type 5). 

In this type, usually after one to two weeks, the infection becomes 
posterior. This occurs in 80 per cent of all acute infections. The 
patient may have no symptoms, or lie may complain of slight pain at 
the end of micturition, with a feeling of fulness in the perineum or 
rectum. The prostate and seminal vesicles arc always involved to a 
greater or lesser degree in all posterior infections, but on palpation they 
may show only very slight change. 

In the treatment of both these types, anterior irrigation is carried 
on till the fourth week, at which time posterior irrigation is started. If 



the prostate and seminal vesicles show no acute signs of inflammation, 
prostatic massage is started in the fifth week. In such cases the urine 
clears steadily, and the haze disappears after two weeks’ posterior 
irrigation. By the ninth or tenth week a cure should have been 
effected. 

Acute Anterior and Posterior Infection — Severe, with Complications 

(Type 6 )- 

In this type the posterior infection increases in severity, the haze 
in the urine persists, and the prostate and seminal vesicles steadily 
become more swollen and harder. There is pyrexia, and the patient 
complains of severe pain (sometimes of blood) at the end of micturition, 
with frequency and a feeling of great discomfort in the 'perineum and 
rectum. If the patient goes to bed and is treated on. the lines to be 
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ment has been by means of : (1) the radiant heat bath ; (2) diathermy ; and (3) 
short wireless waves, or inductothermy. The treatment by electropyrexia is carried 
out in two ways, one by means of the Kettering hypertherm— an air-conditioned 
cabinet in which the humidity can be controlled, and the other by means of a 
combination of general hyperpyrexia with local applications of the diathermy 
current to the pelvic focus of infcctiou. The work of Desjardins, Stuhler ami Popp, 
over the last two years on a scries of cases treated with the Kettering hypertherm, 
shows very favourable results, and tho rapidity with which gonococci disappear 
from the discharges and tho purulent secretions themselves subside with this form 
of treatment is remarkable, most of the patients requiring only six sessions of fever 
therapy, two days’ interval being allowed between each session. 

In the second type of treatment — the combined treatment — Biermau and 
Levcnson report very favourable results. In this the patient is placed in a warm 
bath at a 100* to 102° F. and the temperature is gradually raised to 108° F. By 
this moans tho rectal temperature is brought up to 105° F,, after which pyrexia 
of this temperature is kept up for about 6 hours by transference to a bed covered 
with a hood undo of insulating material and containing a battery of 60-watt 
electric light bulbs. The additional pelvic heating is carried out by tho diathermy 
current, the active electrode being inserted into the rectum or vagina. In this way 
a treatment at 111° F. can be maintained in the pelvis for as long as 3 to 4 hours. 
In women the average number of treatments required for cure was about 2 and 
in men 3, the intervals between the treatments being 2 to 13 days. 

It scans from these results that an organised attempt at investigation on these 
lines of treatment should be carried out in this country. 
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CHAPTER II 

] m e-'TIGatiox and Treatment of Chronic Gleet 

Tjmtpe i- no -harp dividing line between the acute and tiie chronic 
o of the disease, though it is safe to say that any acute gonococcal 
!• Vt non which has not been completely cured in three months should 
!»<• . orwdered as chronic. 

Differentiation between a chronic and an acute case is rather 
difficult at times, as an exacerbation of a chronic infection may simulate 
a recent acute infection. It is only by a careful history-taking and a 
thorough examination of both the anterior and the posterior urethra 
that a positive diagnosis can be made. 

There are two types of chrouic gonorrhea : (L) The persistent 
mommg discharge, which may increase at times from consumption of 
alcohol, sexual excitement, etc. ; and (2) the relapsing, yellow-discharge 
type, with quiescent intervals between the attacks. The large majority 
of cases of chronic gonorrhoea are due to infected seminal vesicles, the 
remaining cases being, as a rule, due to encysted abscess of the prostate 
or peri-urethral infiltration. The patient will give a history of per- 
sistent morning discharge or of acute attacks of fresh discharge. In 
addition, there may be a history of pain in the perineum, rectum and 
lower lumbar region, in the inguinal area, the lower part of the iliac 
fossce and m the testicle. He may also complain of pain oil ejaculation, 
and there may be a history of attacks of acute epididymitis, arthritis, 
or iritis. 

Examination. 

In examination of a chronic case the patient should be instructed, 
following suspension of treatment and the taking of a provocative doso 
of alcohol, to hold urine overnight or for at least six hours. Before he 
micturates, the urinary meatus is examined and the urethra milked 
forward from the bulb. A film culture is made from any discharge 
which may have been expressed. After the urethra has been washed 
out with oxveyanide of mercury, the patient then passes urine. This 
maj e clear, or clear with threads. The threads are either sinking 
>eUow purulent threads (pus), tiny “ comma ” threads (plugs from the 
prostate), or small glycerine-like floating threads (epithelial cells and 
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mucus). The urine may show a purulent haze which is due to a vesi- 
culitis, prostatitis, cystitis or pyelitis. 

The patient is then examined in the knee-elbow position, and the 
condition of the prostate and seminal vesicles noted, prostatic massage 
being given, and the resulting secretion taken for cultures and films. 
The testicles are examined for any sign of epididymitis. Urethroscopic 
examination then follows. 

Posterior urethroscopy (see Volume II, page 2708) may reveal a 
polyp or cyst of the posterior urethra. In some 20 per cent of cases 
the root of the trouble is in the anterior urethra, and examination by 
the urethroscope may show conditions already described, with, in 
addition, an intermediate stricture, hard stricture, polypi, “ millet 
seeds ’’ (small grey masses of lymphoid tissue in the anterior urethra), 
or leukoplakia. 

Treatment. 

The general measures arc similar to tlio.se given in Chapter I, but 
in resistant cases vaccines and protein shock must be considered. It is 
in chronic cases that pyridium by the mouth gives the best results. 

Chronic Anterior Infections. Treatment of infected glands of 
Little and lacuiue of Morgagni, pcri-uretliral infiltrations and soft 
infiltrations has already been described. The treatment of inter- 
mediate and hard stricture is described in Volume II, page 3074. 
Polypi arc treated through the urethroscope, a probe coated with 
silver nitrate being applied and the base destroyed. For "millet 
seeds dilatation with the anterior straight irrigating Kollmann is 
followed by painting of the whole urethra with silver nitrate solution 
(5-20 grs. to the ounce) at intervals of a week. 

Chronic Posterior Infections. The treatment consists of prostatic 
massage, dilatations, posterior irrigations, and instillations. A large 
majority of cases will get well by means of the method described in 
Chapter I— that is, the filling up of the bladder with 1 in G000 oxy- 
cyanide of mercury, the passage of curved steel bougies (English scale 
from 12-13 up to 15-18 if possible), and massage of the prostate after 
removal of the bougie. 

Instillations. In most cases it may be advisable, in addition to the 
use of dilatation and prostatic massage, to employ instillations, an 
interval of four to five days being given between each treatment. 
The instillation treatment involves the following technique : 

After the prostate has been massaged and the patient has urinated, 
an Ultzmann catheter is passed (see fig. 2898), and half a drachm of silver 
nitrate— starting with 5 grs. and working up to 20 grs. to the ounce 
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is instilled into the posterior urethra. Instead of the Ultzmann syringe, 
a Guyon catheter or syringe may be used (fig. 2899). In the Ultzmann 
technique, when the catheter is depressed the point lies on the posterior 
urethra. The patient will feel a burning sensation in the perineum, 
extending backwards to the rectum and forwards to the meatus, and 
will experience an urgent desire to pass urine. He should not, however, 
do so for at least fifteen minutes, if possible. When the Guyon 
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catheter is used, the compressor urethra is felt to grip the instrument 
as it passes. The instillation is made into the posterior urethra after 
the catheter has been mo\ed an inch beyond this point. 

In rery resistant ca^cs — especially those with encysted abscess and occluded 
vesicle — when other methods have failed I have given the following treatment : 
The bladder being first filled up with oxycyamde of mercury, a bougie of 14—17 or 
13-18 English scale is passed It is kept in, well depressed in the perineum, for 



five minutes. After removal, prostatic massage is given with the patient bending 
forward touching his toes. He then urinates, and immediately afterwards an 
instillation of silver nitrate is made. 

buction treatment is also worth trying in soms resistant cases. The bladder 
being filled with oxycyamde of mercury, a curved metal catheter the same length 
a3 the Ultzmann with fenestrations to a length of about one inch at the tip, is 
then passed and depressed, suction being made with a bnlb (see fig, 2893). 

If all these measures fail, the operations of vasopuncture, vasostomy , 
catheterisation of the ejaculatory ducts, vesiculectomy, or drainage of 
prostatic abscess by a perineal operation most be considered (see 
Volume II, Part XI). 

Results of Treatment. 

It is very rarely that chronic posterior infections will not clear up 
with the treatment I have described — massage, dilatation and instilia- 
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tious. In my experience dilatation by curved steel bougies is the most 
essential treatment. They may be used even up to 15-18 English scale, 
so long as they do not produce tearing of the urethra. The bougie 
should be left in for five or even ten minutes if possible. I have had 
cases in which massage only has been given which have persisted for 
eight years ; but when one or two dilatations have been given, a large 
mass of debris resembling seaweed is passed out in the oxycyanide of 
mercury (sometimes reaching a depth of 2 inches in a conical urine 
glass). This means a free drainage of a chronic occluded vesicle, and 
the patient may really be cured at last by this one treatment. 

In the treatment of resistant posterior cases the following are the 
favourable signs : (1) The seminal vesicles become softer, less tense, and 
less cystic, the prostate becoming smaller and the scattered hard areas 
less numerous ; (2) a large amount of debris passes after dilatation and 
massage; (3) a profuse discharge of pus, and occasionally of blood, occurs 
within twelve hours of dilatation and mas&agc, the discharge and blood 
lasting for several days, and the urine showing a deep purulent haze 
and then suddenly becoming transparent ; (4) the urine which has 
shown a persistent haze, sometimes so fine that it can only be recognised 
as a fine dust in a good light, becomes absolutely transparent ; and (5) a 
mild persistent tenderness low down in the iliac fossa, in the region of 
the inguinal canal, or in the globus minor of the epididymis disappears. 

Criterion of Cure. 

The determination of cure in a chronic case is a much more difficult 
problem than in that of an acute case. In the chronic condition the 
infection may bo latent for many months, and in such cases an examina- 
tion even of an*all-night retention of urine may reveal only urethral 
secretion showing squamous cells with a few pus cells and no cocci. 
Cultures and films may be negative, even though alcohol has been 
taken and all treatment suspended for some weeks. In such latent 
cases a most careful examination must be made for a chronic vesi- 
culitis or peri-uxethral infiltrations (“ peas ”). These are the lesions 
which may escape detection and cause the patient to be passed as cured. 
This fluid may be expressed from a prostate which passes the test, 
but on rectal examination a swelling may be felt, in some cases 
indefinite and in others distinctly hard and localised, in the region of 
the prostate or seminal vesicles. In all probability nothing has been 
expressed from this area, while all the time it may hold a collection of pus 
containing gonococci. In cases where any such condition is made out 
on palpation, the patient should be under observation for six months 
before being pronounced cured, a large bougie being passed every 
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fourteen or twenty-eight days, and the patient subjected to a urinary 
and prostatic fluid examination twenty-four hours afterwards. If no 
relapse occurs in the course of these treatments, then these hard areas 
may be regarded as being due to ^ar tissue and the patient deemed 
free from infection. 

Another valuable test-method is as follows: The prostate and 
seminal vesicles are massaged after the patient has micturated, no 
posterior irrigation with any antiseptic being given. The patient then 
take? alcohol and is examined twenty-four or forty-eight hours later. 
I have* on several occasions found that an acute (anterior) urethritis 
-lion mg gonococci followed in a day or two the expression of prostatic 
fluid from the posterior urethra. In only a small number of eases 
where the seminal vesicles are unduly relaxed or are tense with semen 
can seminal fluid be massaged out at all. It is the palpation of the 
seminal vesicles for occlusion that is really the most important criterion 
of cure. The prostatic fluid can be expressed without difficulty, and 
the material obtained for films and cultures — an accurate test — is much 
easier in such cases. 

Semen Examination. This method is used largely in France. The 
microscopic examination of semen is less productive of results than 
cultures made from it for the presence of spermatozoa, and mucus ill 
the sperm tends to obscure the microscopic field. The examination 
comprises: (1) The patient, after retaining urine all night, ejaculates 
into a sterile test-tube, and cultures and films are made from this 
material ; (2) the urethra is irrigated with silver nitrate, urine is voided 
into a sterile vessel, and the sperm is collected in the usual way and 
subjected to microscopical and cultural examination ; and (3) if on 
examination the semen is more purulent than the prostatic secretion, 
this is evidence of a vesiculitis. On the previous night an instillation of 
silver nitrate is made into the posterior urethra. Prostatic massage is 
performed on the following morning, after which the patient ejaculates 
into a sterile tube. 

The Comiiement Fixation Ted, for a complete account, of which readers are 
referred to the excellent monograph by Dr. I. X. Orpwood Price (L.C.C. Deports, 
Sept. 1033), demonstrates the presence or absence of specific gonococcal anti- 
bodies in the blood, and thus does not necessarily signify the presence or absence 
of gonococci in the tissues. Reactions vary from “ negative,” through “ weak 
positive,” “ positive, and “strongly positive,” to “very strong!? positive.” 
The test is of special value in indicating the profile presence of a “closed ” 
infection (seminal vesicles orFallopian tubes) and in determining whet her the cause 
of, say, arthritis or iritis is gonococcal or not. 

A strongly positive test usually indicates an active infection— posterior 
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urethritis in the male ami cervical or tubal complications in the female. A positive 
result may mean acute or chronic gonorrhoea. A weakly positive test may be 
obtained in an early case (say, three weeks after infection), in a sub*acute case 
limited to the anterior urethra, or in an old-standing case approaching final cure. 
A negative test, with gonococci demonstrated in the secretions, may mean an early 
acute infection of less than 21 days’ duration, an anterior urethritis (male) or 
lower genital infection (female), or a seminal vesicle or prostatic infection yielding 
to treatment. A negative test in the absence of gonococci implies either no 
gonococcal infection, or euro. 

In assessing the criterion of cure, both clinical and pathological evidence must 
also be taken into consideration, and no patient should he discharged as cured on 
the strength of a single negative Complement Fixation Test. 

A positive Complement Fixation Teat has no value whatever if gonococcal 
vaccines have been given for some months prior to the test. 

The tests by irrigation of the anterior and posterior urethra with 
silver nitrate and the gonococcal vaccine provocative tests have been 
given up as a routine measure for some time, and cannot be regarded 
as satisfactory. 



CHAPTER HI 

Treatment of Complications 

The complications of gonorrhoea may be divided into three main 
headings according as the infection undergoes: 

(1) Local extension : 

(а) To areas not opening into the urinary tract. 

(б) To areas communicating with the urinary tract. 

(2) Mechanical transference to other mucous membranes. 

(3) Blood-stream dissemination (gonococci or toxins). 

LOCAL EXTENSION 

(a) Under this classification the “ areas not opening into the urinary 
tract " comprise the lymphatic system only. 

Adenitis. In cases where the patient ba3 to walk much or do heavy 
manual labour, there L> frequently swelling and tenderness of the sub- 
inguinal glands. This may, unless the patient rests, proceed to sup- 
puration which, however, is very rare. 

Lymphangitis. A definite, hard, tender dorsal lymphatic of the 
penis may be felt. This occurs in cases where there is a marked ccdema 
of the meatus and prepuce with balanitis, and is sometimes seen when 
high-pressure anterior irrigation is used in acute cases. An inflamed 
dorsal lymphatic -which seems cartilaginous on palpation is always sug- 
gestive of a primary syphilitic lesion, which may be found just inside 
the urinary meatus and may be so small that it is missed. Rarely, 
small abscesses of the penis may arise from local infection by gonococcal 
pus or be secondary to lymphangitis. 

(b) The male urethra shows a large number of openings branching 
of! from the urethra throughout its whole length, and few cases of 
gonorrhoea are not complicated by their infection. The areas that may 
be involved in this way axe : (i) Para-urethral follicles and parts in 
association with the preputial sac ; (li) Iittre’s ducts and glands and 
the lacuna magna ; (iii) Cowperis ducts and glands ; (iv) the sub- 
urethral tissue of the urethral tract ; (v) the prostatic ducts and glands ; 
(vi) the seminal vesicles ; (vii) the ejaculatory ducts, the vasa deferentia 
and the epididymes ; and (viii) the bladder and the upper urinary tract. 

3£&i 
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Para-urethral follicles , LiUrc's glands, and preputial structures. 

The first two items under this heading have already been dealt 
with (Chapter I). Local complications may occur in a sub-acute, acute, 
or chronic urethritis. 

The preputial sac, being covered with squamous epithelium, is not 
easily infected, though it is not immune if the parts are not kept very 
clean, especially if there is some degree of phimosis and local moisture. 
At times two small ducts, the lateral frenal glands of Tyson, maj r 
become inflamed and a localised swelling may occur on one or both 
sides of the frenum. In the event of an abscess, the glands must be 
opened and the cavity cauterised. Jf the prepuce can he retracted, 
general cleanliness and sub-preputial irrigation with 1 in 5000 hydrarg. 
perclilor. or applications of 10 per cent picric acid in spirit to the glans 
penis will rapidly clear up balanitis. A long prepuce which cannot be 
properly retracted may require complete circumcision, but if there is 
much swelling hot baths and sub-preputial irrigations with hydrarg. 
perclilor. or 1 in 1000 cusol may in time make complete or modified cir- 
cumcision possible. Ulceration of the glans penis demands slitting of 
the dorsum of the prepuce or the removal of a V-shaped wedge. When 
the glans penis has been exposed and thorough cleansing carried out, 
the ulceration will rapidly clear up, and a circumcision can be per- 
formed later. An abscess on Tyson’s glands must bo opened and the 
cavity cauterised. Occasionally it may be necessary to dissect out the 
gland and duct. 

Injlammaliotis of Cowpcr’s Duds ami Glands. 

The left C’owper’s gland, which opens further forward than the 
right, is the one more often infected, though this is not a frequent com- 
plication. The symptoms are pain in the perineum, especially on risiug 
or sitting down, and occasionally pain on defalcation. Urethritis 
accompanied by a palpable swelling in the perineum arouses suspicion, 
and palpation of the gland with the forefinger in the rectum and the 
thumb placed on each side in turn of the mid-line of the perineum 
secures a certain diagnosis of Cowperitis and a differentiation from 
sub-urethral infiltration of the floor of the bulb. If the duct is permeable, 
a course of massage of the gland with posterior irrigation and sub- 
sequent dilatation with, steel bougies will cure the condition. Occlusion 
of the duct may result in an abscess, necessitating suspension of all 
local urethral treatment. The patient is kept in bed, hot baths are 
given, and hot fomentations applied. If fluctuation is elicited, an 
incision should be made in the perineum, but before this is done the 
urethra should be irrigated and a straight bougie passed to localise 
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the point of the abscess. Excision may be required for an indolent 
inflammation. 


Sub-epithelial Disease of the Urethral Tract. 

Soft infiltrations and hard strictures have already been mentioned. 

Inflammation of the Prostatic Gland and Ducts. 

Inflamed prostatic ducts occur in every case of posterior gonococcal 
uiethntis. If the ducts only are involved — which is rare — it is difficult 
to distinguish the condition from posterior urethritis, but the gland 
itself is nearly always affected, and acute, sub-acute or chronic pros- 
tatitis supervenes. In some cases an abscess may form in the acute 
stage ; but in othcis the condition remains sub-acute from the begin- 
nmg, giving rise to only slight symptoms, the prostatic inflammation 
always tending to subside ami to pass on to a chronic state. 

Acute Prostatitis. This is rare before the second or third week of the 
disease. The symptoms are frequently an urgency of micturition, pain 
at the end of the act, pain in the perineum, hypogastrium and rectum, 
and pyrexia of 101° to 103° F. The diagnosis rests on signs of posterior 
urethritis. On rectal examination the prostate is enlarged in one or 
both lobes, and is tender, with areas of softening amidst small, hard, 
nodular swellings. The treatment consists of rest in bed and the 


measures described in Chapter I of this section. 

Prostatic Abscess. Acute prostatitis may proceed to prostatic 
abscess. The^ symptoms comprise rigors, and pyrexia occasionally to 
10a to 104 h . All symptoms arc more severe in cases of abscess, and 
there may be complete letention of urine with diminution or cessation of 
ie urethral discharge. Oil rectal examination the prostate is felt as a 
ender, tense, globular swelling bulging i n t 0 the rectum, and fluctuation 
may e mat c out by manual examination. An acute gonococcal pros- 
a ie a scess is quite difleient fiom the more common — and more 
serious non-specific prostatic abscess. Gonococcal abscess rarely 
requires incision and drainage. In acute prostatitis the prostate is 
smaller and less tender; in prostatic abscess the symptoms are con- 
i ( "T S ^' erC ’ aud the S la " d « much more tender, and often 
The treatm ent is the same as for acute prostatitis, 
I ,7 be B / Cessar >; t0 ^ with retention of urine. The abscess 
“ f ° y ' e!gllt hours > most frequently into the urethra, 
-rr m ’ a ," d “ 0re rard >’ stiil int0 the peri-prostatic 

tissue where it causes a pelvic cellulitis. 

Gonococcal proctitis seldom follows bursting into tbc rectum. 
There is a copious discharge of pus, mucus, blood and focal matter, 
winch gives instant relief, and aU that is found on examination is a 
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tiny dimple in tlic anterior wall of the rectum, which in time closes, 
leaving no ill-effects. In pelvic cellulitis the diagnosis is made by rectal 
examination, the finger feeling a mass of soft, boggy, inflammatory 
oedema surrounding the prostate and seminal vesicles and obliterating 
their outlines. The rectum is filled more or less completely with this 
boggy mass, and may show signs of fluctuation. 

If the abscess does not burst of itself within two or three days, 
operation is required. .1 rectal incision is not advisable, and it is 
necessary to operate by the perineal route 1 inch in front of the anus. 

Chronic Prostatitis. {See Chapter II.) 

Injlammution of the Seminal Vesicles. 

In the large majority of cases of infection of the prostate, the 
seminal vesicles also are involved, the infection from the posterior 
urethra reaching them via the ejaculatory vesicular ducts. Infiltration 
of the walls of the vesicles and of the peri- vesicular tissue is the rule. 
The seminal duct often becomes occluded, resulting in a closed-in pus 
sac. In the acute stages the occlusion of the duct is due to oedema ; 
in the chronic stage it results from the formation of fibrous tissue round 
the duct. This occlusion makes the cure of chronic vesiculitis very 
difficult. Acute vesiculitis usually occurs in the second or third week 
of the disease ; the symptoms are similar to those of acute prostatitis, 
hut terminal hamiaturia, painful erections and painful seminal emissions 
are more common. 

Diagnosis rests on signs of a posterior urethritis, as shown by tests, 
and on rectal examination which reveals a tender, tense, swollen vesicle. 

Treatment is the same as for acute prostatitis, posterior irrigation and 
prostatic massage being started when the acute symptoms have subsided. 

Inflammation of the Ejaculatory Ducts , Vasa Deferentia and 
Epiditlymes. 

Epididymitis occurs in 10 to 15 per cent of all cases of gonorrhoea, 
and sterility is said to be found in from 25 to 40 per cent of such cases. 

The infection from the posterior urethra is carried either by the 
lymphatics by continuity of the surface, or by the urine. 

Pelouze considers that the infection passing along the lymphatics of the vas 
deferens or through continuity of a long narrow mucous channel is rare, this being 
supported by his observation that the epididymis is inflamed before the vas 
deferens in over 90 per cent of his cases. He considers that the gonococcus "hen 
spreading in such a way would ha%'e to pass a distance of 47 cms. against the 
current of fluid and the peristalsis of the vas, it being difficult to postulate reversed 
peristalsis when one considers the anatomy of the ejaculatory duct. In favour of 
the spread of the gonococcus-laden pus reaching the epididymis by the trans- 
ference of the gonococcus or the gonotoxin is the observation of BelfieH that, 
vol. ni, — 3h 
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when he opens the vas deferens near the inguinal canal in Ills operation of 
vasostomy, a few* drops of urine ooze from the op en i n g when the bladder is full, 
that in many patients when the bladder is rjuite full the internal sphincter relaxes 
and the posterior urethra virtually becomes a part of the bladder cavity, and that 
the ejaculatory ducts are frequently patulous in some individuals, as evidenced 
by the presence of spermatozoa in their morning urine in the absence of an orgasm. 

Epididymitis very rarely occurs without involvement of the beminal 
vesicle of the same side. Predisposing causes are the same as in inflam- 
mation of the prostate and seminal vesicles, and, according to Pelouze's 
observations, a full bladder must be an added factor. The condition 
usually occurs in the second week of the disease. It is often ushered in 
by pain in the groin extending up to the iliac fossa, and on the right 
side it may simulate acute appendicitis. As the pain increases and 
radiates more to the scrotum, the urethral discharge often lessens. 
There is a pyrexia of usually 102° to 104° F., and there is evidence of 
posterior urethritis. Examination reveals the globus minor of the 
epididymis as tense, tender and swollen. The skin over this part of 
the scrotum is red and tender, and often there is a small acute hydro- 
cele. The pain may be intense, and as the inflammation of the epididy- 
mis extends up to the globus major, involving the posterior part of the 
body of the testicle, and as the hydrocele increases, the whole scrotum 
becomes filled with inflamed products and assumes a very large size. 
The inflammation is usually unilateral, though both epididymes may 
be affected. 

Differential diagnosis is from B. coli epididyino-orcliitis and acute tuberculous 
epididymitis In gonorrhoea there is evidence of a posterior urethritis and vesi- 
culitis, with gonocoe ci found in tho urethral discharge. The globus minor is involved 
first and infection spreads upwards to the globus major. In tuberculosis the pain 
and tenderness are usually less acute, and there is abscess formation. Tuberculous 
lesions are present in the prostate, the seminal vesicle, the opposite epididymis, or 
the kidney. The discharge, if present, is watery and may contain tubercle bacilli, 
and urethral symptoms are very slight. 

Treatment. Rest, hot baths, with elevation of the testicles which 
should be covered, and a cradle for the bed-clothes are indicated. The 
application of hot-water bottles or antiphlogistine to the testicles is 
useful, as is also diathermy. Hot saline enemata, two pints at 1 15° to 
130° F., may be given twice daily. Atropine suppositories and daily 
intravenous injections of 10 cc. of a 10 per cent calcium gluconate often 
hasten a cure. 

Surgical treatment has been recommended, but in my experience it is never 
indicated unless an abscess forms, which is \ ery rare and is due to a mixed infection. 
The operative procedures that have been tried are : (1) puncture of the globus 
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minor with a large-bore needle, followed by aspiration ; and (2) an incision about 
two inches long into the postcro-l.Ucral aspect of the scrotum, this being carried 
down to the tunica vaginalis, which is opened over the entire length of the 
epididymis. The epididymis is then exposed and punctured, the wound being 
washed out with saline and a drain in&cited. 

InJUimimiion of the Bladder , Utclcrs and Kidneys. 

Gonococcal cystitis is a rare condition, the bladder mucous mem- 
brane not being a suitable medium for the implantation of gonococci. 
It used to be held that gonococcal cystitis was always the result of a 
mixed infection, but Young and Wcrtheim have proved the fallacy of 
this supposition. 

Trigonitis is much more common than cystitis, and is probably 
found in nearly every case of acute posterior urethritis. The symptoms 
of this condition are those of acute posterior urethritis, that is, pain, 
frequency and urgency of micturition, and tenderness and pain in the 
suprapubic region. Pus in all three glasses suggests an inflammation of 
the bladder. Usually there is a secondary infection, colifonn bacilli being 
the most common. Host in bed on a light diet, purgation, hot baths, heat 
applied to the suprapubic region, atropine suppositories, and an alkaline 
mixture of potassium citrate or elixir saw palmetto et santal form the 
best treatment. Later, when the acute symptoms have subsided, 
posterior irrigations with 1 in 8000 potassium permanganate or, if the 
infection is mixed, 1 in 0000 oxycyanidc of mercury, 1 in 0000 acri- 
flavine, or 1 in 1000 albargin can be used. 

Chronic cystitis. This is met with as a secondary infection following 
gonorrhoea. It usually arises as the result of long continued treatment 
with the passage of imperfectly sterilised instruments. In some cases 
the bladder has been washed out over a long period by the patient 
himself, using a rubber catheter with a syringe attached. 

Cases showing a persistent haze in all three glasses over a long 
period following gonorrhoea should always be carefully examined so as 
to exclude any serious condition of the bladder or kidneys. 

Ureters and kidneys. Pure gonococcal infection of the kidneys is 
very rare, and only forty cases have been reported. Mixed infections 
are more common, staphylococci and streptococci, tubercle and 
typhoid bacilli being found in conjunction with the gonococcus. The 
infection may be hcematogenous, as in gonococcal septicsemia ; lym- 
phatic, via the lymphatics of the urethra ; or ascending, a urethritis 
being present and the spread occurring by continuity. Sub-acute and 
chronic infections are more common than acute. There is usually 
pain in the back and loins and in the kidney angle, pain at the 
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end of micturition, and perhaps a terminal lia.iii.it uria uith wrac fre- 
quency of micturition. Vyrexia of HKr to 101° Y. is not uncommon, 
atul tlic patient feels altogether worse than lieuotihl in the produce of a 
lower urinary tract general infection, trine in all three glasses is 
loaded with pus and renal epithelium, though the pyuria may be hiUr- 
mittent. An accurate diagnosis of general infection of the urethra 
and kidney 1 -. difficult Cy.-tovcopy ami ureteric catheterisation arc 
required, and films and cultures should l>e math* of the cent rifng.il i>ed 
untie 

The treatment cim**iit*» of rcU in lad on a light diet, purgation, and 
tin hm< of urmarv antw-ptics. It is t.vwntial that treatment of the 
U»wit unwary tract should be carried out l*rfote utiv attempt Is nude to 
deal with the kidney and ureters. Any urethral stricture mmst be 
treated Renal lavage and drainage of the kidney jxlvis by operation, 
or nephrectomy, may be required lattr. 

Perinephritis. This i-> very rare. 

MECHANICAL TKANslEUEM H To OIHEU Mltoi* MKMimANX* 

Infected material may Ik* carried to other mut ous membranes such 
as the conjunctiva, or tlu* mucous membrane of the mouth. no.-e, anus 
or rectum. 

ConjiDUtivo. 

tionoccK cat conjunctivitis in the adult nearly always results from 
auto- infect ion but it may Ik* caused by contamination frurn virulent 
gonococcal-bearing inaterul from another jx-rton. The disease is 
generally seen only among infants, and the Crede prophv lax Is nukes it 
uncommon here Considering the great imidem o of gonorrluva amongst 
adults, tlu* number of ca*<*s of conjunctivitis seen— wen among patients 
"ho*** personal hygiene may not Ik* of a high standard — is so few that 
it would appear that the adult conjunctiva possesses an immunity to the 
infection. 

The symptoms, prognosis and treatment are described in the article 
on Diseases of the Eye (see page 4527). 

Huccal and Xasal Mucous Membrane. 

The mouth, being lined by a squamous epithelium, affords poor soil 
for the gonococci, but the abduce of a homy layer may favour infec- 
tion. The infection, rare at any time, occurs more often in infants — 
the mucous membrane being thin— and is associated with a gonococcal 
ophthalmia. The incubation period is two to three days. The severity 
and infection vary greatly, septicemia being not unknown. In 
children it is usually very mild, the bleeding yellowish elevations ou 
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the roof of the month and anterior part of the tongue clearing up in a 
few weeks. 

In adults, the condition is usually much more severe. On examina- 
tion the mucous membrane shows red soft granular patches, generally 
on the posterior part of the tongue. The gums are spongy, with, ulcers 
covered by a yellowish-white membrane. Gonococci are found in the 
pus. In infants, mild treatment with boro-glycerine, potassium chlorate 
and sodium bi-borate suffices. In adults, gargles, mouth-washes of 
hydrogen peroxide, and applications of silver nitrate and chromic acid 
to the ulcers are indicated. Steps should be taken to prevent spread 
of the infection to the eyes. 

Nose. This complication is very rare, and it is doubtful if any 
case in an adult has ever been proved by thorough bacteriological 
examination. In infants it seems to have been definitely established 
that the disease is contracted at birth from the gonococcal infection in 
the generative organs of the mother. 

rinus and rectum. Contrary to expectation, anal infection with the 
gonococcus is rare in women. Rectal gonorrhoea may result indirectly 
from a gonococcal focus in the neighbourhood of the anus. In men 
rupture of a prostatie abscess into the rectum seldom leads to gono- 
coccal proctitis. The infection may also be carried by contamination 
with enema nozzles or other instruments, or by digital infection. Most 
commonly gonococcal proctitis is the result of unnatural practices. 

There are two types of infection : the acute and the indolent. 

Acute Proctitis. This is the type less commonly seen. The patient 
complains of heat, itching, and a feeling of fulness about the anus and 
lower rectum, accompanied by severe pain during defalcation, and there 
may be tenesmus and moderate pyrexia. Pus is seen oozing from the 
anus, and there is erythema of the pcri-anal region, sometimes extend- 
ing to the thighs, perineum and buttocks. 

Indolent Proctitis. The indolent type is characterised by the absence 
of objective symptoms. There is no pain, and the patients are only 
aware of the condition because they fear they have been infected, and 
therefore they examine their stools and look for a slight thin discharge 
that may be present in this type of case. 

On examination the anus will often be funnel-shaped, and the 
sphincter markedly weak and patulous. At the posterior end of the 
anus a narrow, superficial fissure is often seen, and there is frequently 
a single, elongated, soft, painless polyp. No pus may be noticed 
until the rectal speculum is introduced, when a thin brownish dis- 
charge may be detected. Only with the utmost difficulty can the 
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"OHOCOCCUa be found amongst the large number of nutro-organbma 
present. 

CcmjJiatfions. These are: (1) Acute peri-reclitb, associated with 
a secondary infection by colifbrm bacilli: (2) chronic peri-rectitis, 
resulting in a firm, haul infiltration around the rectal walls which bulges 
into the rectum itself , (3) stricture of the rectum, usually regarded as 
the most frequent sequela : (4) a proliferative condition of the perineum 
in which there are sessile and pedunculated polypoid growths ; and 
(3) multiple fissures about the anus. 

Treatment. In the acute type the patient should be confined to 
Led and the bowels kept open with gentle laxatives. Frequent washing 
of the pen-anal region is followed, after drying, by powdering with 
dermatol or zinc oxide and starch. Hot sitz-baths are useful, but 
instrumentation and digital examination are practically impossible 
without an anesthetic, and the local treatment resolves itself into 
douching twice daily with two pints of sterile water containing sodium 
bicarbonate 2 drachms, and later with 1 in feCGO potassium perman- 
ganate. ] m I CCD 3lbargin or 2 per cent aqueous mercurochromc. In 
some cases this course of treatment will cure the infection in about a 
month, especially in the absence of hxmorrhoids, fissures and fistula*. 

If. however, the case is of the cLronic type and is not cured in four 
weeks by this method, further treatment through a proctoscope is 
required The bowels should be emptied an hour before the examina- 
tion. and a saline irrigation should precede the pacing of the procto- 
scope. The patient lies on his back with the pelvis raised and the legs 
wed apart (though he may be examined lying on his left side). The 
instrument, well lubricated, should be passed with the greatest gentle- 
ness. Local applications of filter nitrate solution 5 gis. to 2 ounces, 
or other silver =alissuch as neon-argon 3 percent, !uno=ol 10 percent, or 
neoprctosU 10 per cent can be applied to the rectal wall every fourth 
or fifth day. irrigation with potassium permanganate being given on 
the other days. In *eme cases when local application to the rectum 
cannot be earned out, suppositories of argyrol or protargol 5 per cent 
are inserted every night as a supplement to the daily irrigation. 

ULOQO-YrKEAJI MssEJIlXATIOX 

In the general -jvtcmic infection the gonotoccu* mav Ik* dis- 
seminated m one of two ways: (1) Through the blood -ire-ani : or (2) 
through the lymphatics, the first being the commoner route. There is 
probably always some trauma of the mucous membrane whereby the 
goncccccus gains entry to the circulation. The predisposing cause* to 
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a systemic infection are heavy exercise, trauma, unskilful instru- 
mentation, alcoholism, and general constitutional disease. Metastatic 
lesions are merely local manifestations of a general infection. 

In describing all the complications of gonorrhoea which arc duo 
to general dissemination of the gonococcus or its toxiu it is best to 
divide them into two clinical types : (1) Gonococcal septmnnia ; and (2) 
metastatic complications, sub-divided into (a) common manifestations, 
affecting the joints and structures in connection with them, such as 
ligaments, bursoe, periosteum and muscles; (6) less common mani- 
festations, affecting the conjunctiva, iris, choroid and optic nerve ; and 
(c) rare manifestations, affecting the pericardium, endocardium, pleura, 
brain and central nervous system. 

Gonococcal Septicaemia. 

Systemic infection may occur in any case of gonorrhoea, usually 
during the chronic stage of the infection. Mixed infections are not 
uncommon, the other organisms being B.coli, streptococci and staphylo- 
cocci. Gonococcal septicaemia as a clinical entity is very rare, the 
primary focus being almost always in the prostate or seminal vesicles. 
The symptoms are those of any other septicaemia produced by pyogenic 
organisms. Diagnosis depends entirely upon the demonstration of 
gonococci in the blood stream. Treatment is directed to the primary 
focus and to the general condition. The prognosis depends upon the 
presence or absence of gonococcal endocarditis, embolic phenomena, and 
sudden alteration in the heart sounds. 

Common Metastatic Complications — Arthritis and allied conditions. 

Jn metastatic infection in the male the primary focus is almost always 
m the prostate or seminal vesicles, and an occluded vesicle is the com- 
monest cause. In women the urethra, cervix, and, less commonly, 
Bartholin’s glands are the sites of the primary focus. Ophthalmia neona- 
torum has been reported as a primary focus. Arthritis is said to be 
four times more common in the male than in the female. It is rare for 
the gonococcus to be found in the metastatic lesion, and for this reason 
sonic hold that the lesion is due to a gonotoxin. It is probable that 
the difficulty in demonstrating the gonococcus in the joint fluid is that 
it remains limited to the synovial membrane, as in a tuberculous cold 
abscess. To find the organism the joint must be aspirated within the 
first two or three days following its infection. 

Onset of Arthritis. The infection may occur within a few days of 
the onset of an attack of gonorrhoea. Usually it occurs in the third or 
fourth week, though there may be an interval of many years after the 
initial attack. The infection may be mono- or poly-articular, the latter 
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being the more common, except in chronic urethra! infection. The 
larger joints are involved more frequently than the smaller, and the 
usual order of incidence is: knee, ankle, wrist, lingers, metatarso- 
phalangeal and metacarpo-phalangcal joints, elbow, shoulder, hip, and, 
rarely, the intervertebral, tcmporo-mandibular and sterno-clavicular 
joints. The clinical types may be divided into acute, sub-acute, and 
chronic. 

Acute Arthritis. This is sub-divided into four types : (a) Arthralgia, 
in which one or more joints may be painful, but there arc no gross 
physical signs of disease. (6) An acute infection of one or more joints, 
usually the larger ones, in which the inflammation is mostly synovial 
with considerable effusion into the joint. (There may sometimes be 
cedema and redness of the skin, showing involvement of the capsule 
and peri-articular structures.) (c) An acute infection involving the 
synovial membrane and articular cartilage, and causing a sero-fibrinous 
exudate. The capsule and peri-articular structures are always affected, 
as is shown by local cedema and redness. (When the smaller joints are 
the seat of the infection, the peri-articular inflammation is often very 
marked, leading later to adhesions and subsequent deformity ; with 
much destruction of the cartilage, as in the larger joints, there may he 
subluxation of the joint aud gross deformity.) (<J) An acute purulent 
infection of the synovial membrane and articular surfaces, involving 
great destruction of the cartilage and a frank exudate (pyo-arthrosis). 
This occurs in the large joints, and is very rare. There is usually a mixed 
infection, but it may he associated with gonococci in pure culture. 

Suit-acute and Chronic Arthritis. There arc three types : (a) Hydrar- 
throsis, usually seen in the knee joint, involves a thickening of the 
synovial membrane and often a large effusion, inflammation of the peri- 
articular structures being rare ; this may arise as a sub-acute type, or 
may Mow an acute synovitis. (&) Synovial, articular and peri- 

icular involvement, poly-articular in distribution and usually 
affecting the small Joints, leads to much deformity and may follow 
. n * c “™ or lw sub-acute from the onset, (c) Spondvlitis 
(ankylopoietic type) rs found between the ages of twenty and fifty, 

and 1 ;r Ch r ram0ner 1 ,n m3les - Tl ‘" re « osteoporosis of the vertebral 
di IT V r S ’i “, nd os ? ,firation ° f and intervertebral 

The ™ f 1 -’® 7 f f ° £ tbc vcrte,)nD and sacro-iliac and hip joints, 

he onset is gradual ; the earliest symptom is pain either in the part 

n!rvo ^ ’ 7, rCfCriWl *° distribution of the peripheral 

neries. The danger of this condition lies in the possibility of stiffness 
and e\ en deformity if a bad position of trunk and limbs is maintained 
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for any length of time. The onset is gradual and the condition is usually 
progressive. 

Symptoms and Diagnosis of Arthritis. 

Arthralgia may be present in several joints, proceeding to a definite 
arthritis of one or more joints. Pain is very marked in the acute type, 
and pyrexia usually reaches 101° to 103° l'\ Both symptoms are inten- 
sified if there is suppuration, which, however, is very rare in the 
smaller joints. In the sub-acute cases synovial effusion is a marked 
feature, except in the smaller joints. There is marked wasting of the 
muscles, and the swelling of the joints presents a fusiform appearance. 
In untreated cases there may he marked limitation of movement from 
adhesions. The diagnosis of acute gonococcal arthritis is not difficult 
if a history of possible infection can be traced, and signs of the disease 
recognised, particularly in the prostate and seminal vesicles. Failure 
to demonstrate gonococci in aspirated fluid, and even a negative com- 
plement fixation teat, does not exclude the possibility of infection. 
TI»c test, which is positive in 73 per cent of cases, is of special value 
where genito-urinary examination is clinically suggestive and the joiut 
condition obscure. 

Differential Diagnosis. The conditions to be distinguished arc acute rheu- 
matism, tuberculous arthritis, infective arthritis (due to streptococcal and 
pneumococcal infections, dysentery, typhoid fever, scarlet fever, tonsillitis, 
and other focal septic conditions), and neuropathic artliritis (tabes dorsalis and 
syringomyelia). 

In acute rheumatism there is no evidence of a focus in the genito-urinary 
tract ; pyrexia and general prostration are more marked ; acid sweating is pro- 
nounced ; pain is more severe ; many joints are involved and the inflammation 
flits from joint to joint ; pcri-articular tissues are not involved ; cardiac complica- 
tions are often present ; while symptoms and pyrexia react to salicylates, and the 

C.F.T. is negative. 

In tuberculous arthritis the onset is gradual, and there is again no evidence 
of a gonococcal focus in the genito-urinary tract. Muscle wasting around the 
joints is marked and there is epiphysial involvement. The severity of the pain is 
less than m gonococcal arthritis. Skiagrams show the osseous nature of the 
disease, there is evidence of tuberculosis in the other organs, the infection is gener- 
ally mono-articular, and the Mantoux test is of value. 

Secondary rheumatoid arthritis is usually polyarticular. There is a fusiform, 
white, doughy, tender swelling of the joints without marked pyrexia. An infective 
focus of the teeth, gums, tonsils, sinuses, or bowel can usually be found. The blood 
sedimentation rate is markedly increased. Though no gonococcal focus is found 
in the genito-urinary tract, there may he a streptococcal prostatitis and vesi- 
culitis, with a history of acute gonorrhoea many years previously. Neuropathic 
joints are seen in tabes dorsalis and syringomyelia. In these there is a rapid painless 
disorganisation of the joint, and there should be no difficulty in recognising the cause, 
von. m. — 3u* 
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Prognosis of Arthritis. 

A prognosis of perfect restoration of function should be guarded in 
every case. In the majority of cases the outlook is good, even where 
there is some destruction of cartilage, if proper treatment of the joint 
and focus is started early and the patient co-operates. In pyo-arthrosis 
operation is usually required, and there is marked loss of function. In 
cases of great destruction of the articular cartilage there is usually a 
fan* amount of limitation of movement and the prognosis should be 
very guarded. 

Summary of Treatment. 

The first and most important line of treatment consists in an attack 
on the original focus with the object of cutting oil the supply of gono- 
cocci or their toxins. The second line of treatment is directed towards 
the infected joint, the most vital consideration being the prevention of 
adhesions. The third line of treatment deals with the blood infection, 
and, finally, the fourth concerns the general health of the patient. 

Treatment of Focus. The focus in the male is always hi the prostate 
and seminal vesicles — the anterior urethra may be disregarded. The 
treatment has been described in Chapters I and II. If the arthritis 
develops in the first few days, or before the fourth week of the initial 
infection, it is advisable to postpone posterior irrigation and prostatic 
massage until after the fourth week, the patient being treated by rest 
in bed, and a bland diet with a large amount of fluid. The prostate is 
treated with hot saline enemata and the urethra is given gentle anterior 
irrigation only. A vaccine may be useful (see Chapter IV). 

Cases which prove resistant to the treatment already described may 
require surgical measures — catheterisation of the ejaculatory ducts, 
vasopuncture, vasostomy, or even vesiculectomy. It is rarely, how- 
ever, that prostatic massage, dilatations, posterior irrigations, and 
instillations fail to effect a cure. 

The injection of Pregl's solution (an aqueous isotonic iodine solution which 
liberates nascent iodine) via the rectum has given successful results in America. 
After an enema, the site is painted xvith mercurochrome, the patient is placed in 
the knee-elbow position, and, without a local anaesthetic, 5 cc. of Pregl’s solution 
is injected into each lateral lobe of the prostate. This treatment is said to be of 
most use m acute cases, improvement being noticeable in the joints within twelve 
hours. A total of three or four injections is given over three weeks. 

Treatment of J oints. In the acute cases in the early stages, rest and 
immobilisation of the joint is required. The limb should be kept 
between hand-bags, and where there is destruction of cartilage or a 
threat of pyo-arthrosis a light splint will be required. Radiant heat or 
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antiphlogistinc is perhaps the best local application. Bier’s treatment 
should always be given a trial. 

As soon as the acute pain has passed off, active and passive move- 
ments and gentle massage of the joints should be started, and contrac- 
tions of the muscles induced with a Morton Smart coil. Unless this 
treatment is begun early, adhesions will form. 

In acute cases which do not respond to these measures, it may be 
advisable to aspirate the joint, this perhaps (but rarely) being followed 
by an irrigation, or the performance of arthrotomy with drainage. 
Aspiration is indicated where the joint fails to improve within four 
weeks, or shows subluxation. After aspiration, a saline wash-out is 
followed by instillation of 2 per cent formalin in glycerine, and it is 
sometimes worth while re-injecting 15-20 cc. of the aspirated fluid into 
the subcutaneous tissue, repeating this at intervals of two days. 
Surgical intervention, especially incision of the joint, should never be 
considered unless other measures have failed. Though it gives immediate 
relief, progressive ankylosis and joint destruction often follow. 
Mobilisation may be required if the joint is in a bad position and move- 
ment is greatly limited, while arthrcctomy may be needed if there is 
marked bony ankylosis. In sub-acute and chronic cases rest is not so 
important. A local application such as iodex or Scott’s dressing should 
be used. Bier’s treatment should be tried, together with active and 
passive movements, massage, and contractions. It is in these cases 
that team-work with an orthopaedic surgeon is essential if the best 
results are to be obtained. Diathermy is discussed in Chapter IY. 

Treatment of Blood Infection. Arthigon and gono-yatren are two 
stock vaccines that I have found of service. Specific sera arc rarely 
used, but anti-meningococcal serum, anti-baesyn, edwenii and omnadm 
may all be tried. Auto-haemotherapy has been recommended, and 
protein shock — aolan, T.A.B. vaccine, or peptone — may also be 
considered. Of chemico-therapeutic remedies, intravenous calcium 
gluconate, 10 cc. daily, may be given intravenously, contramine intra- 
muscularly every fourth or fifth day, or iodo-septine intravenously 
every day. Quinine-hydrochloride, 7-10 grs. in 10 ce. of saline, can 
also be used. 

The general health must be attended to by rest, hot bip-baths, 
aperients, and an abundance of bland fluids in the acute stages, with 
aspirin and drugs of this type, and later with general tonics and fresh 
air. 

Fascia} and Bones. Tenosynovitis, usually seen in association with 
arthritis, may, however, occur independently. It is mostly found in the 



n2 Q4 POST-GRADUATE SURGERY 

tendon sheaths of the extensors of the hands or feet, the tibialis posticus 
being commonly affected. The implication of this tendon, together with 
the plantar fascia and the inferior calcanco-scaphoid ligament, may lead 
to flat-foot. Bursitis — less frequent— occurs under the tendo Achillis. 
Myositis and inflammation of the fascia may occur in any muscles 
which act on a joint affected by gonococcal arthritis, and marked 
wasting is often seen. During an attack of gonorrhoea, myositis may 
occur in any muscle, chiefly those of the back and loin. Fasciitis i>> 
mostly scon in the plantar and palmar fascia?. 

In the acute stages, treatment comprises rest, together with hot 
applications, massage, and active and passive movements, contractions 
with the Morton Smart coil lieing required later. It is only rarely that 
the bone and periosteum arc attacked in gonorrhoeal arthritis. Peri’ 
ostitis is a common condition occurring in the tibia, the lower end of 
the femur, and the humerus. Pcrioslosis, due to an ossifying periostitis, 
i3 rare, affecting the os calm and leading to the condition known as 
“ gonorrhoeal heel.” This should not be confused with the painful heel 
due to plantar fasciitis. The treatment of these cases is essentially the 
treatment of the infected focus. 

Less Common Jhtastatic Complications — Iritis and Skin Infections. 

Iritis. Gonococcal iritis is more common than is generally supposed. 
It occurs especially in those cases which have arthritis, and usually 
follows at least one attack. It is nearly always seen in men, and, 
as a rule, both eyes are affected. Extension to the ciliary body may 
take place. There is a characteristic form which occurs in the acute 
attack when the anterior chamber shows a peculiar gelatinous exudate. 
Iridocyclitis. There is a form of recurrent iritis, iridocyclitis, in which 
there is a history of gonorrhoea and gonococcal rheumatism many years 
previously. The gonococcal infection is not revealed by culture or 
C.F.T., but there is often a streptococcal prostatitis secondary to some 
septic focus. 

Skin conditions. The gonococcal conditions affecting the skin fall 
into four groups: ( 1 ) simple erythema associated with gonococcal 
septicaemia ; (2) urticaria and erythema nodosum, occurring in 
arthritis, endocarditis and septicaemia ; (3) haemorrhagic and bullous 
eruptions, rarely in septicaemia ; and (4) hyperkeratosis. 

Hyperkeratosis (keratodermia blennorrhayica) (fig. 2900). This is not 
an isolated skin disease but a syndrome in which the following mani- 
festations are concerned : (1) gonococcal urethritis ; (2) polyarthritis ; 
(3) inflammatory crusted lesions of the palms and soles ; (4) inter- 
mittent pyrexia ; and (5) cachexia. 
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The disease is probably much more common than is indicated by 
reports in the literature. It is associated with chronic gonorrhoea and 
is much more common in men than in women. The primary lesion is a 
vesicle which rapidly becomes a pustule, and the resulting crusts from 
the dried exudate give rise to the characteristic appearance. Vesicles 
are fouud on the softer skin of the chest, forearms and penis, and on 
the mucous membranes. The pustules become rapidly converted into 
hard, horny, conical lesions having a rupial crust. The characteristic 
lesions are on the plantar surface of the foot and the palmar surface 
of the hands, especially the former. There are two types of lesion — 
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the diffuse and the conical. Balanitis circinata may also be found, and 
lesions may appear on the nails. The mucous membrane of the hard and 
soft palates may be involved. The eruption usually lasts from one to 
three months, when the plaques drop off, leaving a dirty reddish-brown 
macule. The disease is an allergic phenomenon. 

Diagnosis has to be made from rupoid psoriasis, syphilis, and the 
bilateral hyperkeratosis seen in arsenical poisoning. 

The treatment is that of the gonococcal focus and of the infected 
joint, together with some emollient applied locally. 

Rare Metastatic Complications. 

Perichondritis and chondritis are extremely rare. Suppurative 
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myositis may be seen in severe cases of suppurative gonococcal arthritis 
which lias extended to the adjacent muscle. Subcutaneous and intra- 
muscular abscesses have been recorded by various writers, most of them 
in connection with tendon*sheath infection. Cases of j/arotitis and 
otitis have also been described. Metastatic conjunctivitis is very rare. 
Both eyes are usually affected during the first attack, and the mildness 
of the symptoms distinguishes it from conjunctivitis due to direct local 
contamination. The prognosis is good. OjJic neuritis and dacryo- 
cystitis may also be mentioned. The gonococcus has a great predilection 
for the endocardium, and though gonococcal endocarditis is not very 
common, it is less rare than is probably supposed. Pericarditis and 
myocarditis are extremely rare. Aortitis , thrombosis , and phlebitis are 
other conditions which have been described. 

The pleura may be attacked independently or in conjunction with 
pneumonia, gonococcal septiccemia always being present. The symp- 
toms are those of dry pleurisy or pleurisy with an effusion. It is unusual 
for the nervous system to be affected by the gonococcus. There may 
be a bilateral sciatica, but in these cases there is often a referred pain 
from a prostatitis and vesiculitis, though myelitis has been described, 
and the meninges of the brain and even the brain itself may be affected. 



CHAPTER IV 

Antiseptics, Vaccines, Diathermy and Surgical Measures 

The gonococcus is peculiarly susceptible to germicides, and when out- 
side the human hotly is destroyed with comparative ease by disinfec- 
tants in general and by variations in heat or moisture. Once, however, 
it has gained a hold in the genito-ur inary tract it is most difficult to 
eradicate and exhibits a clinical chronicity and tenacity of life greatly 
at variance with the bacteriological properties it displays in culture 
media. These peculiarities are due to the fact that the localities 
attacked are so constructed anatomically that the germicides cannot 
react on the infecting organisms. When first deposited in a mucous 
membrane, gonococci can be readily killed and washed away, provided 
treatment is adopted before the organisms have penetrated below the 
surface epithelium. This is shown by the results obtained in the 
prophylactic treatment of gonococcal urethritis and in the Crede 
prophylactic treatment of ophthalmia neonatorum. When a few hours 
or days have elapsed the gonococcus will have penetrated below the 
mucous membrane, and antiseptics are then of much less value. 

Experimental research has shown that although certain antiseptics 
penetrate the tissues, the presence of certain constituents in the mucosa 
tend to effect a chemical change in the antiseptic. This, coupled with 
the fact that the gonococcus tends to inhabit the depths of the mucous 
glands, accounts for its resistance to local treatment. It is well known 
that strong caustics by their irritant and destructive action rarely 
retard the course of gonorrhoea, but rather have the reverse effect. 

Antiseptics. 

The antiseptic of choice is one which 13 : (1) destructive of the gono- 
coccus and other organisms that may be present in a mixed infection ; 
(2) capable of penetrating the tissues without losing its germicidal 
properties*, and (3) non-irritant. There is no antiseptic yet known 
that fulfils all these requirements. Preparations that may be employed 
ute potassium permanganate 1 in 6000 to 1 in 4000, albargin (a silver 
nitrate and gelatine compound) 1 in 1000, oxycyanide of mercury 1 in 
6000 to 1 in 4000, and acriflavine 1 in 6000 to 1 in 4000. Instillations 
and local applications include silver nitrate, 5-20 grs. to the ounce, and 
5267 
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myositis may be seen in severe cased of suppurative gonococcal arthritis 
which has extended to the adjacent muscle. Suljculancous and intra- 
nt oscular abscesies have been recorded by various writers, moat of them 
in connection with tendon-sheath infection. Cases of parotitis and 
otitis have also been described. Metastatic conjunctivitis is very rare. 
Both eyes are usually affected during the first attack, and the mildness 
of the symptoms distinguishes it from conjunct intis due to direct local 
contamination. The prognosis is good. O/Jic neuritis and dacryo- 
ojylUis may also be mentioned. The gonococcus has a great predilection 
for the endocardium, and though gonococcal endocarditis is not very 
common, it L» less rare than is probably supposed. Pericarditis and 
myocarditis are extremely rare. Aortitis, thrombosis, and phlebitis are 
other conditions which have been described. 

The pleura may be attacked independently or in conjunction with 
pneumonia, gonococcal septicaemia always being present. The symp- 
toms are those of dry pleurisy or pleurisy with an effusion. It is unusual 
for the nervous system to be affected by the gonococcus. There may 
be a bilateral sciatica, but in these cases there 13 often a referred pain 
from a prostatitis and vesiculitis, though myc-litis has been described, 
and the meninges of the brain and even the brain itself may be affected. 



CHAPTER IV 

Antiseptics, Vaccines, Diathermy and Surgical Measures 


The gonococcus is peculiarly susceptible to germicides, and when out- 
side the human hotly is destroyed with comparative ease by disinfec- 
tants in general and by variations in heat or moisture. Once, however, 
it has gained a hold in the genito-urinary tract it is most difficult to 
eradicate and exhibits a clinical chronicity and tenacity of life greatly 
at variance with the bacteriological properties it displays in culture 
media. These peculiarities are due to the fact that the localities 
attacked are so constructed anatomically that the germicides cannot 
react on the infecting organisms. When first deposited in a mucous 
membrane, gonococci can be readily killed and washed away, provided 
treatment is adopted before the organisms have penetrated below the 
surface epithelium. This is shown by the results obtained in the 
prophylactic treatment of gonococcal urethritis and in the Crede 
prophylactic treatment of ophthalmia neonatorum. When a few hours 
or days have elapsed the gonococcus will have penetrated below the 
mucous membrane, and antiseptics are then of much less value. 

Experimental research has shown that although certain antiseptics 
penetrate the tissues, the presence of certain constituents in the mucosa 
tend to effect a chemical change in the antiseptic. This, coupled with 
the fact that the gonococcus tends to inhabit the depths of the mucous 
glands, accounts for its resistance to local treatment. It is well known 
that strong caustics by their irritant and destructive action rarely 
retard the course of gonorrhoea, but rather have the reverse effect. 

Antiseptics. 

The antiseptic of choice is one which is : (I) destructive of the gono- 
coccus and other organisms that may be present in a mixed infection ; 
(2) capable of penetrating the tissues without losing its germicidal 
properties ; and (3) non-irritant. There is no antiseptic yet known 
that fulfils all these requirements. Preparations that may be employed 
are potassium permanganate 1 in 6000 to 1 in 4000, albargin (a silver 
nitrate and gelatine compound) 1 in 1000, oxycyanide of mercury 1 in 
0000 to 1 in 4000, and acriflavine 1 in 6000 to 1 in 4000. Instillations 
and local applications include silver nitrate, 5-20 grs. to the ounce, and 
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tfce various silver protein preparations, such as argyrol 10 per cent, 
protargol 5 per cent, neoreargon 5 per cent, neoprotosil 10 per cent. 3nd 
lunosol 10 per cent. Another useful preparation is mesodine which 
belongs to the acridine dye series. 

For all practical purposes potassium permanganate, oxycyanide of 
mercury and silver nitrate will possess sufficient antiseptic action to 
cure a case of gonorrhoea — pot aseinm permanganate in the acute and 
most of the chronic stages, oxycyanide of mercury in chronic gononhcea 
(secondarv infections), and silver nitrate when used as in instillation or 
for local application on a probe. In the acute stages albargin may be 
found less painful, and is cleaner for the patient than potassium per- 
manganate. The solution can be made up fresh by dissolving the powder 
or tablet of albargin in tap or distilled water, the solution being clear 
and neutral or very faintly acid in reaction. 

For instillation, silver nitrate is really a more efficient preparation 
than all the various silver protein compounds recommended, the merit 
of which is that they are less painful and produce less reaction. 1 have 
never seen any better results from acriflavine or menmrochrome 
in acute or chronic cases than can be obtained with potassium 
permanganate. 

As the aim of all treatment is to help the tissue resistance of the part, 
so the use of any antiseptic must always be guided by its action on the 
membranes, and it is better to use saline or boric irrigations as a mere 
mechanical cleanser of a channel than to employ antiseptics which 
when used in a certain strength act as an irritant. 

Specific and A on~g pacific Remedies. 1 In the treatment of gonococcal 
infections active immunisation with vaccine finds a useful place. Pas- 
sive immunisation with sera has not been much used and is seldom 
considered. Of vaccines, a stock polyvalent preparation made from a 
large number of strains is often more effective than an autogenous one. 
But little is known of the antigenic components of the gonococcus, and 
until this has been investigated the polyvalent preparations are to be 
preferred. 

^ accines are usually employed in the early stages of acute urethritis, 
vet a few observers consider that small doses at the onset tend to 
decrease the incidence of deep-seated legions. Doses of 5-20 million 
organisms at intervals of three days may be given in the earlv acute 
stage without doing any harm. 

A certain proportion of cases of chronic urethritis and prostatitis are 
improved with gonococcal vaccine ; others respond to inoculation with 

1 I irdelied to Dr. Lionel WHtLj for tfc* Tie** exposed £a tfcis wetioa. 
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vaccines made from secondary bacteria — especially streptococci — 
either alone or mixed with gonococci. On the average, an initial dose 
of 5 million organisms suffices with increases on the doubling principle, 
at 5-7 days’ intervals, up to a maximum of 200-400 million. No great 
successes bavc been claimed with local lesions in the female. Vaccines 
find their greatest use in the treatment of metastatic manifestations — 
arthritis, tenosynovitis and iritis. Most cases respond well, especially 
if sub-acute or chronic. A prolonged course is necessary with a carefully 
graded dosage to suit each particular case. An initial dose of 5 million 
may be tolerated. Better results usually follow' a maximum dose of 
about 400 million with thereafter a weekly dose of this amount over a 
prolonged period. Some few patients are highly sensitive and cannot 
tolerate maximum doses of more than 20-50 million ; with these the 
dose should nofc be increased beyond the tolerated limit. 

Many non-specific preparations have been advocated for the treat- 
ment of acute and chronic gonorrhoea. These preparations include 
sterilised milk, aolan, whole blood, S.U.P. 00, colloidal manganese, 
nnti-baesyn, edwenil, aiul onmadin. Most of these produce mild shock, 
with some leucocytosis and a quickening of metabolism that appears 
sometimes to be of benefit in the disease. More drastic intravenous 
remedies such as typhoid vaccine are of value in stubborn cases of 
rheumatism. It is difficult to say whether any one non-specific remedy 
can constantly exert a favourable action on the disease. 

Diathermy. The application of diathermy to gonococcal infections 
is based on two facts : (1) that the gonococcus may bo inhibited or 
destroyed by a rise in temperature ; and (2) that in the part treated by 
diathermy there is produced an increased blood supply with stimulation 
of phagocytes or formation of anti-bodies. The heat to which the tissues 
are raised is 112° to 114° F., and at this temperature it is stated that 
gonococci are killed — in vitro they certainly are at a temperature of 
102° to 105° F., but it is doubtful whether this is true in vivo. Dia- 
thermy has been used in cases of acute anterior urethritis, peri-urethral 
infiltration, prostatitis, prostatic abscess, vesiculitis, epididymitis and 
arthritis, and, in women, cervicitis and urethritis. In anterior urctliritis 
it seems incapable of ending the infection more quickly than do other 
methods of treatment. In inflammation of the prostate and seminal 
vesicles the results are good, the best effects being obtained in combined 
treatment (focus and joint). In epididymitis the symptoms of inflam- 
mation and infection improve in a striking manner with the application 
of diathermy. The value of this treatment lies in its relief of pain, 
reduction of the swelling, and ability to bring fresh blood to the parts. 
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The temperature produced by it mv devitalise the gonococcus. bat it 
■ami net always eradicate n from the prostate and seminal vesicles. 

In my opinion diithemy Ls simply a useful help in the treatment of 
Z l - cceectsl. It £» net by itself a method of complete cure, and I do not 
yet see that it is a marked advance on the simpler methods of treatment 
— unrip hletzistine and radiant heat to the joints, hot enema ta for an 
acutely infamrd prostate, manage for the prostate and vesicles, and 

S'irjica! J/ca.«ur». These are deal; with in Volume II. Part XI. 



CHAPTER V 


Goxorkhcea in the Female 

Gonococcal infection in the female affects both the genital and the 
urinary tracts, and it is necessary to have an accurate knowledge of the 
anatomy of the female pelvic organs before one can be fully conversant 
with the diagnosis and treatment of the infection in these parts A 
short review of the essentials of anatomy and physiology as they 
concern gonorrhoea is given below. 

ANATOMY 

Tht cste™l S ffe'3e 'genitalia, known as .ho vulva, include the labia majors 
and minora, the clitoris, the urethral orifice and the vaginal mtroitus. Just mtbm 
the urethral meatus are Skene’s glands. These are 

-tubular glands which usually have their openings on he postenor urethra wall 
one lies on'each s.de of the mid-liue and extends para 11. with .the ™ » jj 
for a distance of a quarter to half an inch. In the adult the whol "ds 
is covered with squamous epithelium, and conla, ns sebaceous and small mucous 
glands which open on the upper portion of the vestibule. 

Barlhohn' s glands aro two small tubulo-racemose gland, the . .« » 
bean, oblong in shape, which arc situated m the poshmor third of the abm mapnaa 
They are .Loum£ by a firm 

spongy tissue of the labia niajora. The duct 6 nntwnrds and 

of ea'h labium inrnus just in tout of the hymen, torn which * J ^ 
downwards for half an inch and splits into several mam touches ^■ch are m 
turn distributed to the lobule of the glands These gla, 
detelop fully t.U puberty, and they atrophy following the menopause. 

Thc^female urethra is a curved canal H inches ^ 
upwards and forwards, and for the most part ® c meatU3 urm arius can 
wall through which it can be felt as a thickene • larger calibre 

admit a bolgie of 24 Charriere. Behind the meatus he 

and can easily admit a bougie of 24-30 Charriere. n ‘ ^ (|mea b ecome 

of much the same structure as the glands of Littrem em ® > . er of i oose are olar 
infected. Beneath the mucous membrane is a 

tissue. This is surrounded by circular muscu oressor urethra, which lies 

canal is embraced by a voluntary muscle, e p hinder portion is sur- 
between the two layers of the U,an °^ 1 s J-^ter muscle, the internal sphincter 
rounded by a well-developed involuntary p lon<ntudinal folds, one of 

of the b ladder. The mucous membrane is thrown mto longitudinal 
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which placed on the floor rambles the verumontanum. Under air distension 
these folds are obliterated, and the outer circular muscle is seen. Under high air 
distension these disappear, and the raucous membrane appeaw pale yellowish- 
pink, smooth and flat. 

Vagina and Cervix. 

The vagina is formed of one of the toughest fibrous membranes in the body. 
In its natural state it is lubricated by a secretion formed mainly of squamous cell, 
lymph, and lactic acid bacilli said to po&sesa a natural anti-bacterial action. 
At its upper end it becomes continuous with the cervix, and the reflection of the 
mucous membrane of the vagina into the cervix forms the fornix. The epithelium 
is squamous and of considerable thickness, lying on a 
* thick layer of erectile areolar ti»uc as it spreads over 
*, i on to the protruding cervix. At the external os of the 

cervix the squamous epithelium gives place to the 
columnar epithelium of the cervical canal and projects 
into the glands that line it. The cavity of the cervix is 
fusiform, and broader at the middle than at either 
extremity. The wall of the canal presents anteriorly 
and posteriorly a longitudinal column from, which pro- 
ceed a number of small oblique columns giving the 
appearance of branches of a tree (arbor vite). In the 
upper two-thirds the cervical mucous membrane is pro- 
vided with numerous deep glands which secrete a clear 
viscous mucus. In addition, extending through the 
whole length of the canal, are a varied number of little 
cysts which represent occluded follicles distended with 
retained secretion (ovula Xaiothi). The mucous mem- 
brane covering the lower half of the cervical canal 
presents numerous papilla?. The epithelium of the 
upper two-thirds is columnar and ciliated, but below this it Ictes its cilia and 
gradually changes to squamous epithelium. The cervix uteri is undoubtedly the 
most important of all urogenital structures in gonorrhoea, for not onlv is it 
the point of entry of gonococci invading the Fallopian tubes, but it is aUo 
the commonest site of long-standing gonococcal infection. The openings of the 
cervical glands are protected by the arbor vit.e and by a plug of tenacious mucus. 
Above this the cervical canal narrows. 

Uteru* and Tube*. 

The mucous membrane of the uterus is unfavourable to the growth of the 
gonococcus. The mucous membrane lining of the Fallopian tubL consLts of 
columnar ciliated epithelium thrown into a series of longitudinal folds. There is no 
submucous tUsue, the epithelium Wing implanted directly on the mmcular coat. 
Though the cilia act as a barrier against invasion of microscopic material from 
below, they are unable to deal with a spurt of menstrual blood. 

Theoretically there is a far greater possibility of accidental gono- 
coccal infection in the adult female than in the male, though it is 
probable that the disease does not occur more often in one than in the 
other. The infant female, on the other hand, is usually the victim of 
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extra-sexual infection. Her vulval mucous membrane, differing from 
that of the adult, is especially susceptible to the gonococcus, while the 
fact that she is compelled to submit to the administrations of others, 
in regard both to clothing and cleansing, increases the opportunities 
for the direct implantation of the organisms upon her mucous mem- 
brane through the carelessness of those who look after her. In the female 
tho incubation is the same as in the male — usually three to five days. 
The fact that women are so accustomed to slight increase of vaginal and 
vulval secretions, and often to slight burning sensations at micturition, 
makes them very apt to overlook the beginning of a gonococcal infection. 

GENERAL DIAGNOSIS 

Inquiry should be made as to the approximate time when the 
patient began to notice any local irritation or unusual appearances, or 
symptoms such as increase in the amount, alteration in the colour or 
character of the vaginal secretion, or pain or burning during micturition. 
Questions should be asked as to the menstrual history— lias the patient 
noticed any irregularities or pain ; have there been miscarriages or 
attacks of peritonitis ; is there pain on defalcation ; have any children 
suffered from ophthalmia ; is there a history of rheumatism or sterility ? 
In many cases the information obtained is of little assistance, and a 
careful physical examination of the patient in the dorsal position on a 
table is always essential. The patient should have held urine for at 
least four hours previously. 

Technique of Examination. The examiner sits in front with a head- 
lamp on his forehead and wears rubber gloves. At his hand is a 
surgical table containing the necessary instruments : 

Slop holders. Playfair probes. 

Urethral probes. Set of Chanter© dilators 18-35. 

A set of Ilegar dilators, 

A Cusco speculum (preferably Brewer's modification). 

A I’crgusson speculum. A Sims speculum, with anterior retractor. 

Lucey’s wire retractor speculum. 

Egg-whisk cervical mucus forceps. 

Short urethral tubes, 2 inches long, 18-22 Charriere. 

Skenoscope (see fig. 2902). 

These instruments should have been boiled and laid out in an anti- 
septic lotion by the nurse. It should be remembered that electric light 
makes white appear yellow, and may thus cause the normal secretion 
of the urethra to be mistaken for pus. 

The abdomen, is first palpated for areas of deep tenderness, and for 
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swellings of the pelvic and other abdominal organs. Examination is 
made for enlarged inguinal glands or for rashes on the skin. The 
amount, character and reaction of the vaginal discharge should he 
noted. Microscopically, the normal discharge shows squamous cells, 
and Doderlein's long, thick. Gram-positive, non-motile bacillus. 
Pathological discharge, which is baiely acid or alkaline in reaction, is 
frothy and contains mucus with enormous numbers of bacilli and cocci 
with or without pus cells. In examination of adult females for 
gonorrhoea it is not necessary to take smears for films and cultures. 



Excess of normal secretion is found in pregnancy, sexual excitement or 
sexual excess, anosmia, and emotional conditions. 

General naked-eye appearances. The labia majora may appear red, 
tender, swollen, and glued together by profuse purulent discharge, or 
they may be covered by small warts, or large, coalescent, cauliflower-like 
growths with broad sessile bases, even extending up into the vagina — - 
condylomata acuminata. In this condition, which is due to uncleanli- 
ness, the discharge is offensive, and is often accompanied by a sharply 
defined dermatitis of the genito-crural and peri-anal region. The hair 
follicles may be inflamed, and superficial non-indurated sores may be 
concealed by them. Scrapings from these should be subjected to careful 
dark-background examination, and the inguinal glands should be 
palpated. A non-inflammatory oedema of the labium may cause a 
suspicion of primary syphilitic infection. Condylomata of secondary 
syphilis, leukoplakic patches, or ulcers (tuberculous, malignant or 
syphilitic, or from Vincent’s spirillum or Doderlein’s bacillus) may also 
be seen. Soft sores, with irregular margins, accompanied by enlarged. 
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tender glands, invite a diagnosis of infection with Ducrcy’s bacillus. 
Herpetic vesicles, phagaxlema, and lymphogranuloma inguinale may 
also be observed. The openings of Bartholin’s glands can usually be 
seen with the naked eye, but a magnifying glass may be necessary. 
When there is inflammation of the ducts a characteristic circle appears 
round the opening (macule of Sanger). In other cases the opening of 
the duct will appear as a mere red spot, as part of a general punctate 
erythema in vulvitis. Enlarged Bartholin’s glands can be palpated 
with the thumb and index finger within the lower portion of the labia 
inajora. It is almost impossible to feel a healthy Bartholin gland on 
palpation. 

Exwnination of the Urethra. Inspection may reveal a reddened pus- 
covered mucous membrane pouting through the lips of the urinary 
meatus, and the surrounding parts may be inflamed and covered with 
pus. The urethra may be milked from behind forwards by means of a 
gloved finger in the vagina for discharge, and if this is unproductive a 
specimen for smears and cultures may be obtained with a platinum 
loop. 

Skene’s tubules should be examined for swelling or discharge. The 
patient then passes urine into two glasses. If it is clear, with yellow 
muco-purulent threads, there is a chronic urethritis. If the first glass 
shows a purulent haze and the second glass is clear, there is probably 
no cystitis or pyelitis and the urethritis is not very severe. If both 
glasses show purulent haze, then either the urethritis is very severe or 
there is cystitis or pyelitis. If there is no pus in the urethral films, or 
pus cells with no gonococci, it is almost certain that pyelitis and not 
urethritis is present. 

Examination on these lines should make an accurate diagnosis of 
acute gonorrhcea possible at once, but in other cases three consecutive 
examinations should be followed by others on different days before it is 
concluded that the gonococcus is absent. 

Vagina and Cervix. After thorough cleansing of the vulva, a Cusco 
speculum is introduced. The vaginal walls may be red, swollen, tender, 
roughened, and bathed in purulent secretion, the cervix appearing 
smooth, rather paler, and having no erosion or pus issuing from it. 
Clinically, this appearance is typical of a non-infective vaginitis. A 
smooth and pale vagina, with a red, swollen and cedematous cervix 
exuding pus or showing an erosion, is typical of a gonococcal cervicitis. 
A pale vagina with a rather paler smooth cervix is the normal 
appearance. 

Finally, the surface of the cervix and the interior of the canal are 
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thoroughly dried. (A vaginal douche before examination is no deterrent 
to the finding of gonococci in the cervical canal.) 

Uterus and Tubes. When the speculum has been withdrawn, a 
complete bimanual examination is made for swelling or tenderness in 
the fornices, ovaries or tubes. The uterus is examined for mobility and 
position, and for the presence of any parametrial or perimetrial swelling 
or tumours. 

The key to success in the treatment of gonorrhcea is the painstaking 
and adequate examination of each successive portion of the urogenital 
tract A doctor working in a Y.D. clinic will gradually find that his 
eye becomes trained to recognise all sorts of characteristic clinical 
appearances, and he will be able to co-ordinate this clinical knowledge 
with what the bacteriologist actually finds. He will build up a good 
clinical knowledge of the disease controlled by laboratory methods — it 
is this which makes for success in the treatment of venereal disease. 


General Instructions to the Patient. As in male venereal disease, instructions 
t0 3re - importance. A scheme for this is given below : 

(1) iou are infectious to a man until the doctor passes you as cured. The 
absence of vagma 1 discharge does not necessarily mean that you are cured. 

(2) During the painful stages of the disease rest in bed if possible. If a men- 
strual period comes on, go to bed until it is over. 

(3) You must refrain from all forms of alcohol] Drink plenty of fluids-water, 
bme-jmee orange-juice, barley-water, or natural mineral watcre. 

simnfi Jl, i r r 13 , n °i nted to J starve >' ourseI f » nnliy or slop diet. Eat plenty of 
i^ger, rtc d 00<I ' b aV<>Kl *“* arl ‘ Cl “ ° f diEt “ CmT >’’ Picklea, spices, 

( I 3 ^ 0t once daily for a quarter of aa Lour, so as to foment and 

A two -P?* •?'““> douche at low pressure should bo given daily, 
fore a ™ ^ <le ^charge to your out, or to your ehild's e^es. There- 

adfcTl Car ' f ”“ )r aftcr douching or handbag the parts, 

tSKSSKF g M '«'** "> a hand-basin fob of aster, ilwayi 

axe passed as cured. ^ & ° m any ldnd of 6611131 excitement until you 

lb! Si °„°r” de “ l0, S ° r b }° yd ‘ “d JO“ are cured, 
several mouths. 6 disease w alwa ys curable, but the cure may take 

r dtiiti ° n *° ! nVas!on b - v ,he gonococcus, mycotic 
^21 tr meSS ’ f- nd lm,a " t d0UC,lra applications may be 
responsible for tins cond.tion. It is only with difficulty that a lesion 
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of stratified epithelium can he produced by the gonococcus, and were it 
not for modification due to local conditions, such as moisture, friction 
and discharge, gonococcal vulvitis— already uncommon — would be less 
frequent in the adult than it is. When it does occur it is nearly always 
secondary to gonorrhoea in other portions of t lie genital tract, and results 
from the irritating discharge thus produced. 

Symptoms , Signs and Diagnosis. The patient complains of a feeling 
of heat and swelling in the vulva, together with irritation, considerable 
pain and discomfort, a profuse purulent discharge, and usually some 
burning on micturition. Inspection and palpation reveal swollen, red, 
tender labia, glued together by the discharge. It is useless to take 
smears and cultures of vulval and vaginal discharge ; the gonococcus 
must be searched for in the urethral and cervical smears. In cases due 
solely to undcanliness, the organism is absent, the discharge is of a 
most unpleasant and characteristic odour, and warts (condylomata 
acuminata) and local dermatitis arc seen. In vulvitis due to the 
irritation from douching and local applications, the history, and the 
excessive swelling of the labia, which are often covered by excoriated 
areas, will suggest the diagnosis. 

Chronic Vulvitis. This may follow an acute vulvitis, or come on 
insidiously without any acute symptoms. The causes are gonococcal 
infection and the subsidiary factors mentioned above. To these may 
be added eczema, herpes, pediculi, scabies, glycosuria, and the conges- 
tive pruritus of pregnancy. The patient complains of local itching or 
soreness, and of slight increase in vaginal secretion. The vulva is not 
appreciably swollen, but the surface is rough and covered with a thin 
mucoid discharge. Abrasions, erosions and warts are often seen on 
the inner surface of the labia, and there may be dermatitis. In the case 
of gonococcal infection, the organism will not readily be found in the 
vulval discharge. 

VAGINITIS 

Pathological vaginal discharge may arise from the vagina itself, but 
often it comes from the cervix, the uterus, the Fallopian tubes, the pelvic 
peritoneum, the pelvic cellular tissues (after a burst abscess), the ure- 
thra, and even, the rectum. The common causes are gonococcal infec- 
tion, uncleanliness, sepsis, pregnane}', miscarriage, prolapse, dilatation 
of the cervix, foreign bodies (such as unclean pessaries), the use of 
irritant douches, and (commonly) infection with the trichomonas 
vaginalis. The patient complains of a profuse vaginal discharge, of 
intense irritation, of heat and spasm in the vagina, and often of painful 
micturition and defecation. On inspection the vaginal lining is tender 
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to the touch of the speculum, and appears to he steaming with heat ; 
its walls are red, swollen, and roughened, presenting a strawberry 
appearance due to inflamed papilla). 

Gonococcal vaginitis is secondary to gonococcal cervicitis and 
urethritis, so that the diagnosis is made by finding the organism in 
either of these sites. In puerperal cases the history and the torn cervix 
will lead to a correct diagnosis. In cases due to irritant douches the 
history, the excoriated vulva, and the bullous appearance of the vagina 
and vulva will suggest the cause. Trichomonas infection should be 
suspected if the discharge is profuse, yellow, offensive and frothy, and 
if it causes a very acute inflammation of the vagina with numerous 
small red areas on the wall and cervix. It should be realised that this 
infection may be considered as a venereal disease. This infection may 
arise : 

(1) From the anus, the infection being mechanical from the result of cleansing 
the anal region from behind forwards ; or 

(2) From sexual intercourse, examination of male contacts showing evidence 
of chronic prostatitis, and non-haemolytic streptococcus with trichomonas vaginalis 
in the prostatic secretion { Lancet , Dec. 21, 1933). 

Examination of the vaginal discharge is important in trichomonas 
infection. The flagellate protozoon, which varies in size from a little 
larger than a polymorphonuclear leucocyte to a little smaller than a 
vaginal epithelial cell, can easily be recognised under the microscope 
by its motility. 

Treatment of Acute Vaginitis. In adults the primary focus in the 
cervix or urethra is attacked. If possible the patient should be con- 
fined to bed and ordered to take a hot sitz-bath night and morning. A 
saline douche at low pressure is given to the vagina, and then, after it 
has been thoroughly dried out, linamentum calaminse is poured into it 
and applied to the vulva. When the acute symptoms have subsided, the 
cervical canal and vagina can be swabbed with acriflavine 2 per cent 
in glycerine daily, a saline douche being later given twice weekly. In 
cases due to the trichomonas vaginalis, the treatment consists in a 
daily douche of lactic acid, i drachm to the pint, followed by the 
insertion into the fomices of devegan tablets. 

Chronic Vaginitis. This may follow an acute attack, but it is often 
chronic from the onset. The symptoms axe irritation, excessive vaginal 
discharge, and painful micturition. Examination reveals a tliin, pro- 
fuse, purulent vaginal discharge, and an increased redness and rough- 
ness of the vaginal mucous membrane. In pregnant women there is a 
form known as granular vaginitis (non-gonococcal). In this condition 
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the discharge is green and tenacious, while the vagina shows red, 
raised, hard nodules scattered uniformly over its surface. Treatment 
applied to the cervix and urethra gradually leads to the disappearance 
of a chronic gonococcal vaginitis. In simple chronic vaginitis, douching, 
and general treatment by fresh air and exercise, with iron and aloes 
administered internally, is important. 

Bartholinitis. It was held for many years that all inflammation of 
Bartholin’s glands was due to gonococcal infection. This is not correct. 
The gonococcal infection of the vulva and vagina may spread to the 
duct and be limited to it. hi this case it can be seen exuding a drop of 
pus and surrounded by a red circle of inflammation — the macule of 
Saugcr. Any swelling of the gland is simply caused by a retained mucoid 
secretion. Inflammation may. however, spread to the deeper tissues 
of the glands and give rise to a diffused inflammatory swelling of the 
whole or part of the gland. This may subside with complete resolution, 
or may leave behind a chronic inflammatory thickening of the gland. 
Sometimes the inflammation is so acute that an abscess is formed in 
part of the gland. In relapsing cases it is better to excise the whole 
gland rather than to open abscesses as they arise. Bartholinitis is usually 
associated with vulvitis and vaginitis, but it may occur by itself. 

Diagnosis. The orifice of the duct is examined ; it may appear as 
a mere red spot on the surface of the reddened mucous membrane, 
which disappears in a few days when the vaginitis and vulvitis have 
cleared up. If, however, the macule of Sanger is present surrounding 
the opening of the duct, then there is a definite “ ductitis ” as a separate 
entity (see fig. 2903). If pus can be expressed, a smear should be examined 
for gonococci and other bacteria. If no enlargement of the gland can 
be felt, a diagnosis of ductitis should be made. If, on the other hand, 
the gland is felt to be enlarged, a fine cannula should be inserted and 
the duct syringed out with 2 per cent flavine. The enlarged gland can 
then be squeezed and the character of the resultant secretion noted. 
In some cases this i 3 found to be mucoid and sterile — that is, a mucoid 
retention cyst secondary to acute ductitis is present. In some cases 
the gland goes on to abscess formation and the pus points above 
and outside the duct opening, or may burrow and point in the perineum 
or burst in the rectum. It is not always easy to detect the gonococcus 
in pus from a Bartholin abscess. If, however, the organism is present in 
the urethra or cervix, there can be little doubt that the abscess is 
gonococcal. The differential diagnosis of an abscess of this gland is 
from an infected hannatoma or cellulitis of the labium majus, or even 
from an ischio*rectal abscess. 
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Treatment. In the ease of acute tluctitis, a fine probe is introduced 
into the duct so as to dilato the orifice. Pus can then be squeezed 
through the enlarged opening. The nozzle of a fine syringe is then 
inserted, and a little 2 per cent flavine is instilled into the duct and 
gland (fig. 2004). This line of treatment can be combined with gentle 
massage three times a week. A cure should be speedily effected in 
this way. When an acute adenitis (suppurative or non-suppurative) 
has subsided, massage of the gland can be carried out after the duct 
has been dilated with a probe, this being followed by flavine instillation. 
In eases of acute inflammation of the gland, with fever and swelling 
which is becoming daily more acute, a large vertical incision should be 
made into the most prominent part of the swelling, the contents 



evacuated, and a drainage-tube i, .sorted. When the incision has 
partly healed and some gland tissue is made out on palpation, then 
attempts to cure the remainder of the infected gland should he made by 
washing out through the duct. Only if this fails, or if there are recur- 
rent abscesses, should the gland be excised. Tho clean removal of a 
ebrome infected Bartholin gland without leaving any infected tissue 
behind “ay involve severe hemorrhage and is not an operation to be 
undertaken lightly. (See also VoL II, pave 238a ) 


ACUTE URETHRITIS 

Drethntis in the female is usually of gonococcal origin, but there are 
mber of cases where it is caused by other bacteria. Tbe causes of 
the nan-gonococcal cases are excessive sexual excitement, masturbation, 
a septic catheter, trauma from coitus or at childbirth, or a descending 
or hematogenous infection set up by a primary blood infection of the 
kidney. As m the male, acute gonococcal urethritis, after an incubation 
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of 2-10 days, generally 3-5, runs a definite ►elf-limited course and 
tends at the end of 3-4 weeks to die down and either clear up altogether 
or become chronic. In the female it runs n far less severe course than 
in the male. 

The gonococcus induces an inflammation at the entrance to the 
can.ll uliicli quickly .qircails luckminls to tlie deep urctlim anil to tile 
triRonc of tlw bladder. It rarely travels beyond this point. < lonococcal 
cystitis is very uncommon, ami asccmling gonococcal pyelitis is 
practically unknown. 

Sifuiptaui'i and Diagnosis. The chief symptom is a burning pain 
as soon as micturition is started, lasting throughout the act and ceasing 
as soon as it is completed. This pain diilers from the terminal pain of 


I ixO —Am* t *ctiisiti«. I'r*i urt 



micturition due to B. coli infection. Inspection of the vestibule reveals 
a reddened, prolapsed, pus-covered mucous membrane pouting through 
the lips of the urinary meatus (fig. 2905). The parts around are 
inflamed and covered with pus, a drop of which may 1 m> seen exuding 
from the meatus. By milking the urethra forward, enough discharge 
may be obtained for a smear to be made. In the absence of discharge 
the platinum loop may be passed into the urethra. Skene’s tubules 
should also be examined for pus. The patient should then pass urine 
into two glasses. 

Treatment. Rest in bed is the ideal general treatment. In very 
acute cases with profuse urethral discharge and intense burning 
irritation, the urethra is so exquisitely tender that a nozzle cannot be 
introduced into it. It may then be advisable to postpone all local 
treatment until the sharpness of the inflammation has subsided. In 
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such cases a mixture of potassium citrate 30 grs., potassium bicarbonate 
15 grs., tinet. hyoscyami 20 minims, infus. bucliu to 1 oz. (or elixir saw 
palmetto et santal) is given and the patient is kept in bed for a few 
days, with daily hot sitz-baths, and taking a light diet and plenty of 
fluids. In the average acute case of moderate severity, urethral and 
vesical irrigation should be carried out, using 1 in 6000 acriflavine or 
l in 6000 potassium permanganate. There is no danger of “ driving 
the disease back,*’ as gonococcal cystitis and pyelitis are almost 
unknown. The irrigator is raised to a height of two to three feet above 
the level of the urethra and is filled with two pints of fluid. The metal 
urethral nozzle is gently introduced for an inch into the urethra, and 
the fluid allowed to run until about a pint and a half of fluid has been 
used. The nozzle is then gently worked forward until it reaches the 
bladder, when a half-pint of fluid is allowed to run in and, after being 
held for a few minutes, is voided by the patient. 

In tlie majority of eases a complete cure can be brought about by 
tliis method in four weeks. I f there is no discharge seen on a four-hours’ 
retention of urine, ami the urine is clear, the treatment should be dis- 
continued for some days, and a test (“ two glass,*’ film and culture) 
made. If these tests still show no gonococci after provocative alcohol, 
the patient can be passed as cured of the urethritis and no further 
treatment of the urethra is required, even though the cervix may be 
*>till affected. If the tests arc still positive after 4-6 weeks' treatment, 
the disease has entered on the chronic stage, and requires special 
treatment. 

CIIROXIC URETHRITIS 

In the untreated infected female the gonococcus tends to live 
longer in the urethra than in any other part of the urogenital tract. 
The gonococcus carrier is typically the female with a symptomless 
chronic urethritis. There are usually no symptoms of a chronic 
urethritis which are noticed by the patient. Occasionally she is aware 
of a sensation of itching, and sometimes there is slightly increased 
frequency of micturition in the daytime. Less commonly a chronic 
trigonitis of gonococcal origin will cause some frequency and even pus 
at the end of micturition. In cases of suspected chronic gonococcal 
urethritis, at least three careful examinations of the urethra must be 
made, and the patient should have held urine for six hours at the 
minimum, and preferably all night. Films and cultures should be made 
of whatever secretion can be obtained, and Skene’s tubules and the 
para-urethral follicles should be carefully examined. 

In chronic urethritis the urine is usually clear of any purulent haze, 
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of 2-10 days, generally 3-5, runs a definite self-limited course and 
tends at the end of 3-4 weeks to die down and either clear up altogether 
or become chronic. In the female it runs a far leas severe course than 
in the male. 

The gonococcus induces an inflammation at the entrance to the 
canal which quickly spreads backwards to the deep urethra and to the 
trigone of the bladder. It rarely travels beyond this point. Gonococcal 
cystitis is very uncommon, and ascending gonococcal pyelitis is 
practically unknown. 

Symptoms and Diagnosis. The chief symptom is a burning pain 
as soon as micturition is started, lasting throughout the act and ceasing 
as soon as it is completed. This pain differs from the terminal pain of 
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micturition due to B. coli infection. Inspection of the vestibule reveals 
a reddened, prolapsed, pus-covered mucous membrane pouting through 
the lips of the urinary meatus (fig. 2905). The parts around are 
inflamed and covered with pus, a drop of which may be seen exuding 
from the meatus. By milking the urethra forward, euough discliargc 
may be obtained for a smear to be made. In the absence of discharge 
the platinum loop may be parsed into the urethra. Skene's tubules 
should also be examined for pus. The patient should then pass urine 
into two glasses. 

Treatment. Rest in bed is the ideal general treatment. In very 
acute cases with profuse urethral discharge and intense burning 
irritation, the urethra is so exquisitely tender that a nozzle cannot be 
introduced into it. It may then be advisable to postpone all local 
treatment until the sharpness of the inflammation, has sub sided . In 
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such eases a mixture of potassium citrate 30 grs., potassium bicarbonate 
15 grs., tinct. hyoscyami 20 minims, infus. buchu to I oz. (or elixir saw 
palmetto et santal) is given and the patient is kept in bed for a few 
days, with daily hot aitz-baths, and taking a light diet and plenty of 
fluids. In the average acute case of moderate severity, urethral aud 
vesical irrigation should be carried out, using 1 in 0000 acrifiavinc or 
1 in G000 potassium permanganate. There is no danger of “ driving 
the disease back,” as gonococcal cystitis and pyelitis are almost 
unknown. The irrigator is raised to a height of two to three feet above 
the level of the urethra and is filled with two pints of fluid. The metal 
urethral nozzle is gently introduced for an inch into the urethra, and 
the fluid allowed to run until about a pint and a half of fluid has been 
Ubcd. The nozzle is then gently worked forward until it reaches the 
bladder, when a half-pint of fluid is allowed to run in and, after being 
held for a few minutes, is voided by the patient. 

In the majority of cases a complete cure can be brought about by 
this method in four weeks. If there is no discharge seen on a four-hours’ 
retention of urine, and the urine is clear, the treatment should be dis- 
continued for some days, and a test (” two glass,” film and culture) 
made. If these tests still show no gonococci after provocative alcohol, 
the patient can bo passed as cured of the urethritis aud no further 
treatment of the uretlira is required, even though the cervix may be 
still affected. If the tests are still positive after 4-0 weeks’ treatment, 
the disease has entered on the chronic stage, and requires special 
treatment. 

CHROXIC URETHRITIS 

In the untreated infected female the gonococcus tends to live 
longer in the urethra than in any other part of the urogenital tract. 
The gonococcus carrier is typically the female with a symptomless 
chronic urethritis. There are usually no symptoms of a chronic 
urethritis which are noticed by the patient. Occasionally she is aware 
of a sensation of itching, and sometimes there is slightly increased 
frequency of micturition in the daytime. Less commonly a chronic 
trigonitis of gonococcal origin will cause some frequency and even pus 
at the end of micturition. In cases of suspected chronic gonococcal 
urethritis, at least three careful examinations of the urethra must be 
ma de, and the patient should have held urine for six hours at the 
minimum, and preferably all night. Films and cultures should be made 
of whatever secretion can be obtained, and Skene’s tubules and the 
para-urethral follicles should be carefully examined. 

In chronic urethritis the urine is usually clear of any purulent haze, 
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end merCiV contains a tew hazy threads which should be examin ed for 
gonococci. 

Tr'-cimaJ. Tne routine treatment consists of dilatation of the ure- 
thra and UTcthrovc^cal irrigation, with, later, painting of the urethra 
with idler nitrate solution, 5-20 grs. to the oz. The patient having 
fiai^-d watt r a straight French steel bougie lubricated with Iubafai or 
K \ J-ai L' pa^std into the bladder. The size of this is worked up at 
ii ***n a'' of four or five days to 30-32 Charriere— t,ccer beyond 35— 
‘‘ Station being immediately followed by a urethra-vesical 
n with I in CtCO pota-ium permanganate or 1 in 5000 acri- 
- avme. which is given daily. Such dilatations hasten cure in a striking 
wai, and aLo fccilitate urethra painting. The latter is carried cut by 
Urethro=co P Jc tube (—--<3 Charriere) up to the neck of 
bidder The obturator is then withdrawn and an v excess of urine 
is ahowed to fail out of the tube. A metal or wooden *tick earning 
cotton wool dipped in silver nitrate solution is then passed through the 
tube to the neck of the bladder. The tube is drawn awav, leaving the 
1*“^ *> the tube is withdrawn. Thb 
Tt' °u r th or filth day, and at each sitting the strength of 

• T “ ", « tic ounce up to JO ps. if need 

it i COU1 ‘ E , m<ltQent dilatations, irrigations and paintings 
11 „ al0Ut “ Ctm in f to ,ix week*. If it mT then 

urethro-coptc examination should U curried out to detect complications. 

conpucanoxs of urethritis 

UtT^^f a *. f ° Uow5: (>> Infection of Skene’s tubules 
(3) sulrurrth I *| Ct3 ’ ^ tnfcction of the para-uxethiul follicles; 

of^“: c tr ; (4)s,ric,ure: 

•-•l.cr.^tubutes ™'T on ™'npIicution. When one or loth 

and pouting, » that th^fW oaf “5 ‘V “™ ,U3 even “ 1 

the orinc.tr „f ,he ml u I (s are “ 15 Pto!up.-cd and 

orifices are not ckarlv ... ’ ofun eJt, “ J,n g pus. When the 

speculum. If the tul ul# - ’ : ^ an cx I Xfc ^d by means of Luce/» 

nitrate Lis be* '£<= ™ mfecucl. a tine probe on which silu-r 

tie gland i. bunted out.' IfTlds t'o-i^ ‘'“'V? ‘ U eItreme li,lli '’ •‘ B ' i 
caultri*eel with a fine pilvano-eU'ric ^ sUnii sll<mI ‘ 1 U 
•'■nail sub- urethral ab^el t°‘ ^ In "° mC 

and writ hate to be opened eider T ttl ' t rtouIt of <1.15 infection. 
-.1, or bp insetting a director into Z 
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pus U freely struck on the floor of the urethra. The cavity should be 
burned out with the cautery. 

Pam-urethral Follicles. These correspond to the para-urethral 
canals met with around the male urethra. If they are infected, pus 
can be seen i&s»uing from their mouths, which are surrounded by a red 
areola. A silver nitrate-covered probe or fine cautery point introduced 
into the depths will quickly bring about a cure. 

Sub-urdhral Abscesses . These may arise from infection of Skene s 
tubules or of ducts or glands lying nearer to the bladder on the floor of 
the urethra. The inflamed duct is blocked by fibrous tissue laid down 
in its walls so that the deeper portion of the gland or pit becomes dis- 
tended with pus, and its wall surrounded by fibrous tissue. If left o 
themselves these abscesses usually burst, and may give rise to far- 
spreading fistulous tracks which open a long way from their point of 
origin. At other times the pus becomes pocketed and lies dorman 
months or even years, to be lit up at any time and so cause an appare n 
fresh attack of gonorrhoea. Whenever sub-urethral swellings c 
detected-acute or cl.ronio-tl.ey should he freely opened where they 
point, and the wall of the cavity should be burnt with the act . 
cautery or the silver nitrate probe. 

Stricture. -Mild degrees of stricture of the urethra are not so eery 
uncommon. They may cause irritation of the bladder, with some 
difficulty in micturition and sometimes severe pain. n exa 
it is found that the urethra does not admit a 22 Chamcre. Cys toscopy 
shows a chronic trigonitis. The treatment consists 111 S™ 
of the urethra up to 32 Charriere and not beyond 35 Chamcre, and this 
should effect a cure. This may be followed by treatment with the 
irrigating Kollmann dilator. A general anaesthetic ma> e 1 
for the first few dilatations. . ( : 

Polypi. Long-stalked polypi occur at times as a r&ml 
urethritis, and these can he effectively treated \ u c ura 101 
Infection of a congenital jtouch is very rare. 

URETHROSCOPY IX THE FEMALE - , 

Routine urethroscopy is perhaps not so necessary fail 
urethra as it is for the male, and it isusimUyn^rv ^ be eIamined 

to clear up with the treatment just described. thlosC ope of the Hugh 

hy either: (I) an air-distension urethroscope, (-) ute urethritis it 

Young type (no air distension) ; or (3) the skeno»cope. 

ia not advisable to carry out a urethro&copic examination. . . be 

t £. * very sensitive women -£--”£4 in the 
required, hut usually a local amesthetio f ‘ f on f 2 tatkmJ of a 1 per 

Kelly position, the bladder is emptied with a > 
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cent solution of novoeaino are injected into it and left for ten minutes. Cotton 
wool on a holder soaked in tho same solution is passed into tlio urethra and left 
there for the same length of time. A short urcthroscopic tube, 2\ inches long and 
of 24-2G Chairi&rc bore, is passed into the bladder. Tho tube is made slightly 
tapered (and not conical) so as to prevent the escape of air. The obturator is with- 
drawn, any excess of urine being allow ed to escape, and the lighting attachment 
is then fixed in place and air immediately allowed to flow into the tube. The 
bladder being distended with air, a perfect view is obtained of the trigoue. The 
tube is now gradually withdrawn into tho urethra. As this is done, the internal 
sphincter is seen to close behind the tube, and the walls of the urethra itself 
blown out with an arc now revealed. The air distension obliterates the natural 
longitudinal folds of the urethra, and only the circular muscular fibres are seen. 
In chronic urethritis, areas are seen where the urethra is reddened and swollen 
and fails to dilato fully under air distension. This w the intermediate type of 
stricture. Fibrous crescents and circular fibrous strictures arc seldom seen. In 
other cases a red areola surrounds the mouth of a duct or glaml from which pus 
exudes. Sometimes tho gland itself is swollen with pus, so that its body bulges 
into tho distended lumen. 

Hugh Young's Urethroscope. In order to use a silver nitratc-covcrcd probe 
or the actual cautery, it is necessary to have a urethroscope of the Hugh Young 
type, which has no air distension. A short wide tube is used, the light and a magni- 
fying glass being so disposed that it is possible to manipulate au instrument into 
tho mouth of an infected follicle previously noticed with tho air-distension urethro- 
scope. 

I do not wish to lay too much stress on urethroscopy in the treatment 
of gonococcal urethritis in the female. A cure can be effected in fully 
97 per cent of cases by irrigations, dilatations and paintings. 

CERVICITIS 

According to Menge, cervicitis occurs in 80 per cent of acute aud 
90 per cent of clironic cases of gonorrhoea. The gonococcus is im- 
planted directly into the cervix at the infecting act, and does not 
ascend from the urethra, vulva or vagina. At first sight it would 
appear that, once implanted into the cervix, nothing can stop the 
gonococcus rapidly spreading to the hotly of the uterus and the Fallopian 
tubes. This is not the case. Several factors play a part in preventing 
such a spread— the plug of mucus at the internal os, the constant 
renewal of the uterine mucous membrane every month, and the anti- 
bacterial properties inherent in the tissues of the uterus. Tills anti- 
bacterial barrier breaks down when parturition or miscarriage occurs, 
if there is an early menstrual period supervening on the initial attack 
of gonococcal infection, and if the woman remains out and about in 
such circumstances. It is thus essential to treat and cure gonorrhoea 
m pregnancy, and to start treatment of the infected cervix from the 
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very commencement of the disease, so that the infection is controlled 
before the menstrual period comes on. 

Gonococcal infection tends to localise itself in tlie true inucosa of 
the cervical canal. In the great majority of cases the infection originates 
as an cndocervieitis. As a result of hypenemia of the canal — giving 
the appearance of a wide ring of red, angry-looking ocdematoua swelling 
— a portion of the canal will project, and in a chronic or severe case the 
inflammation may involve the adjacent squamous epithelium of the 
vaginal portion, so that on examination the external os appears as a 
bright red spot surrounded by an infiltrated granular area of more or 
less limited extent — the so-called cervical erosion. This is due to the 
stratified squamous epithelium of the vaginal portion of the cervix 
being pushed away by a copious infiltration of small round cells — 
sometimes by rupture of an underlying retention cyst — and the denuded 
surface becoming rapidly covered by the mucosa from the canal. A 
cervical erosion is not an erosion in the true sense — that is, an ulceration 
or breach of epithelium. It is velvety to the touch and does not bleed 
unless roughly handled. Jf the cervicitis is of long standing some of 
the ducts of the cervical glands may become blocked, and it is in this 
way that the retention cysts (ovula Nabothi) already referred to arise. 
(Sec also Vol. II, page 2258.) 

A few days after the gonococcus is implanted within the cervical 
canal, the cervix becomes hot, red and swollen, and pours out a copious 
purulent viscid discharge. The severity of the inflammation varies 
with the virulence of the organism, the general state of health of the 
patient, and the life she leads. In many cases the inflammation is sub- 
acute or chronic from the outset ; at other times it is at first acute, but 
in the course of 3-4 weeks either resolves naturally and leads to a 
natural cure, or, whicli is more likely, enters upon a chronic course. 
Gonococcal cervicitis divides itself into the acute and chronic varieties, 
each of which presents two definite types, according to whether the 
patient is nuhiparous or multiparous. 

Acute Cervicitis. The only constant symptom in acute cervicitis is 
discharge from the vagina. Pain is seldom a marked feature, but if 
present it consists of a dull ache felt in the middle line of the back at 
the upper portion of the sacrum. There is no fever unless there is an 
accompanying enlargement and tenderness of the body of the uterus. 
This complication, which is usually brought on by exercise taken during 
menstruation, produces slight fever and great aggravation. Menstru- 
ation may subsequently become irregular and profuse. Examination 
by means of a speculum during the acute stages shows, in a nulliparous 
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cervix (Type 1). a red angry areola, with marked cedema surrounding a 
sharplv-cut circular external os from the centre of which yellow pus 
pours out. In the uiultiyarous cervix (Type 2), the infla m matory area 
is more subdued and leas cedematous, and surrounds an irregularly tom 
cervix, showing an old chronic erosion oozing forth yellow tenacious pu3. 

Chronic Cervicitis. This presents few if any symptoms beyond a 
complaint of excessive vaginal discharge which increases in quantity at 
the menstrual period or during pregnancy. The discharge is thinner 
than that of acute cervicitis, and it is often faintly acid or even dis- 
tinctly alkaline. Exposure of the cervix through a speculum reveals a 
characteristic picture. In the nulliparous case (Type 1) the cervix 
itself does not appear swollen or inflamed, hut ropes of tenacious, 
yellow, purulent mucus exude in profusion from the cervical canal and 
have to be swabbed away before a clear view can be obtained. There 
is then often repealed an irregular reddish patch, the cervical erosion 
already (Wnbed. As the disease clears up under treatment or by the 
natural process of repair, the erosion usually disappears, when the 
mouth of the cervix may return to its normal appearance or may, a3 a 
result of scar tissue formation, become irregular and narrower. It is 
at this stage that mucous retention cysts or even mucous polypi bulging 
from just within the cervix canal may be seen. 

In the multi jxirous case (Type 2). an apparently healthy-looking 
cervix is seen with no erosion at all. or else the cervix shows a pale 
erosion and a tear, with clear jelly-like mucus, free from pus, issuing 
from the canal This mucus yields a pure culture of gonococcus. A 
history of abdominal pain and menorrhagia may be obtained in these 
cases and there may be tenderness and resistance in the fomices. 

Differential Diagnosis. The diagnosis of aente cervicitis is readily made by the 
clinical appearance of the cervix and by an examination of film* and cultures 
obtained from the cervical canaL Chronic gonococcal cervicitis can only be 
recognised by means of films and cultures of the cervical discharge, the existence of 
an erosion, which is twice as common in non-gonococcal a 3 in gonococcal cases, 
being by no means specific. An external os which shows no laceration and is 
surrounded by a circular erosion is, however, strongly suggestive of gonococcal 
infection. Cervical erosion mu»t also be distinguished from early carcinoma, 
syphilis and tuberculosis. 

Carcinoma. The more advanced age of the patient, the history of bleeding 
rather than of yellow discharge, and the absence of painful micturition are helpful 
points lathe diagnosis. Carcinomatous ulcer is more friable and bleeds more easily; 
its edges are irregular and everted, and its base invades the deeper tissues and feeU 
characteristically hard. 

Primary Syphilis. A primary chancre of the cervix may present the appeal' 
3nce of a small osoid area of superficial ulceration showing relatively few signs of 
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inflammation (cliancrous erosion) and exuding a thin serous fluid, or this area may 
be surrounded by a very slightly raised and hard ring (chancrous ulceration), or it 
may simply constitute a hard, brownish-red papule covered with a thin sanious 
discharge, or present a localised area of non-inflammatory cedema with no obvious 
breach of surface. The characteristic enlargement of the inguinal glands will 
assist the diagnosis. 

Cervical Tuberculosis. This is a rare condition which is more likely to be seen 
in young girls than in adults. There is a velvety ulcer with ragged undermined 
edges which readily bleed. Evidence of tuberculosis in the Fallopian tube and 
peritoneum enables a correct diagnosis to be nude. 

Treatment af Acute Cervicitis. The patient should, if possible, be 
kept in bed — especially during the menstrual period, when treatment 
is suspended — and should be placed under the general regimen described 
in the early part of this chapter. It is advisable to apply antiseptics 
to the inflamed cervix during the acute stage, and this should be 
carried out daily, if possible, for the first week, and afterwards every 
second or third day. The patient is placed in the examining chair, and 
the cervix is exposed to sight. The vagina is thoroughly cleansed 
and dried. A Playfair probe covered with sterile cotton wool is then 
passed into the cervical canal, and the tenacious, ropy pus is removed 
by twisting the probe. If the pus is very tenacious it is advisable 
gently to introduce a pair of egg-whisk cervical mucus forceps, and twist 
out the rope of muco-pus, or, altemati vely, liquor potasso? can be applied 
on cotton wool and left in situ for a few minutes to dissolve it out. 

ft is most essential to get rid of all the pus before applying 
antiseptics to the bare membrane. 

In the nulliparous patient (Type 1) a mop of wool on a Playfair 
probe is then dipped in acriflavine, 2 per cent in glycerine, or mesodinc, 
and the cervix is thoroughly swabbed out with this up to the internal 
os. The vagina and vulva are then painted over with the same applica- 
tion, and the following morning the patient has a two-pint saline 
douche. Both cervicitis and vaginitis clear up very rapidly under such 
treatment, and in cases where there is no pelvic involvement a cure can 
sometimes be effected in ten to fourteen days. Acriflavine and meso- 
dine seem to possess a very' low toxicity for human tissues combined with 
a high bactericidal action. They appear to be diffusible and to spread 
deeply into the cervical glands and into the areolar tissue. In cases 
of irritation, calamine linament can be applied to the vulva and vagina, 
and applications can be suspended for a few days or replaced by 10 
per cent eucalyptus oil in sterile olive oil. I do not employ" silver 
nitrate or silver protein preparations in acute cervicitis. 

In the multiparous patient (Type 2), with scar tissue and poor 
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drainage, there is usually a pocket of pus just in front of the internal os, 
that is, in the deeper part of the cervical canal. The patient is placed 
in Kelly’s position, the vulva and vagina are thoroughly cleansed with 
acriflavine, 2 per cent in glycerine, and the cervix is dilated very care- 
fully, if possible up to No. G Hegar, the instrument being passed just 
through the internal os. A gush of pus is often seen as the dilator is 
withdrawn. After that, a smaller Hegar (No. 4) is passed up the canal 
and moved gently up and down whilst the vagina is filled with the 
acriflavine solution. This is repeated every fourth or fifth day. By 
such a method of treatment a rapid cure is effected in cases which have 
proved resistant to the simple swabbing out of the canal, but in which 
there has been no history or clinical signs indicative of the infection 
having spread to the tubes. 

By another method the Hegar dilator is passed just through the internal 
os and withdrawn An mtra-utcrine syringe of the pattern designed by Stanley 
Dodd is then passed, and from 2-5 cc. of acriflavine, 2 per cent in glycerine, is 
injected. This is often followed by rather severe uterine contractions, and any 
rntra-utenne syringing or the pavsage of a Ilegar dilator through the internal os 
must be undertaken with the greatest care, never being carried out if there is any 
resistance There is always the danger of shock, and an anaesthetic is usually 
advisable. 

Treatment of Chtonic Cervicitis. If cases fail to clear up com- 
pletely on the acriflavine treatment, or if the patient applies for treat- 
ment during the chronic stage, antiseptics of a caustic nature, which 
are able to soak not only into the glands but also, to a limited extent, into 
the surface of the mucous membrane, are applied to the cervical canal. 

In nullipara) (Type 1) the cervix is exposed as before, but the 
tenacious, ropy mucus is harder to remove than in the acute cases, 
and it is generally necessary to use the egg-whisk cervical mucus forceps 
or applications of liquor potassa;, 1 in 4. Before doing this, the lips of 
the cervix should be gently squeezed between the blades of the speculum 
or of sponge-holder forceps. This seems to stimulate the cervical 
glands to pour out an excess of secretion, and imitates to a certain 
degree the process of massage. When all secretion has been drained 
away, the cervix should be painted twice a week with one of the 
following solutions : (1) iodised plwnol (B.P.) ; (2) silver nitrate, 
30-G0 grs. to the oz., immediately followed by tincture of iodine 
(strong), silver iodide being formed and left behind ; or (3) neoreargon 
10 per cent, neoprotosil 10 per cent, or lunosol 10 per cent. 

The application of any substances should be undertaken before the 
end of the fourth week of the inception of the disease. The length of 
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time needed to cure a case with bi-weekly treatments is about 10-12 
weeks. If there is much sear tissue it may be necessary to dilate the 
internal os by the method described under the treatment of acute 
cervicitis. 1 

The resistant cJironic arse. The following methods maybe employed 
in refractory cases : (1) Gentle dilatation of the external os by means of 
Hegar’s dilator followed by painting with a strong antiseptic solution ; 

(2) the insertion into the cervical canal of a gauze tampon soaked in 
tinct. iodi 3 parts and glycerine 1 part, and left in situ for six hours ; 

(3) under an aiuesthetic the cervical canal is dilated up to 10 Hegar. 
It is then superficially and gently scraped with a Yolkmann spoon, and 
painted with silver nitrate 40-00 grs. to the oz. ; (4) under an anaesthetic, 
dilatation up to Xo. 0 Hegar is followed by intra-uterine syringing with 
5 cc. of acriflavinc, 2 per cent in glycerine ; (5) by the suction method, a 
fenestrated metal tube is inserted into the cervical canal, and rubber 
tubing is passed over that until it impinges against the cervix (sec 
fig. 2904). A suction syringe of the Dieulafoy pattern is attached to the 
metal tube and the cervical discharge is thoroughly sucked out. This is 
followed by the application of acriflavinc, 2 per cent in glycerine, to the 
canal ; (6) diathermy, as elaborated by E. P. CmnberbatcU and C. A. 
Robinson of St. Bartholomew’s Hospital ; (7) amputation of the cervix 
is seldom required but it may have to be undertaken if all the other 
measures properly carried out fail to nd the cervix of the gonococcus. 

In multipart (Type 2) there is so often an indefinite history of acute 
or sub-acute endometritis and salpingitis, and experience has shown 
that the methods just described ore of little or no avail. Tile treatment 
by dilatation of the cervix, followed by intra-uterine syringing as 
described before, may, however, effect a cure in a certain number of 
cases, the cultures becoming permanently negative when examined over 
a long period following cessation of all treatment, the menstrual periods 
becoming normal, and symptoms of salpingitis clearing up. If, how- 
ever, infection of the cervix still persists in spite of all treatment, then 
operation involving removal of the infected tubes, or even of the whole 
uterus, must be considered. • 

Prognosis in Cervicitis. In the acute condition in nullipara the 
prognosis is good, and a cure can be effected in one to two months, or 
even more quickly if the treatment advised is carefully carried out. 
In acute cervicitis in multipara there is a tear and often considerable 

1 Bourne s method (BMJ., Jan. 1937) by means of a zinc pencil has proved 
successful in certain cases. 
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scar tissue, and the prognosis is not so good. It is much more difficult 
to clear out the cervical canal properly and to get good drainage, and 
the cure usually takes three to six months unless dilatation is employed. 

In chronic cervicitis amongst nullipara: the prognosis is good, 
though the treatment is more tedious and needs to be somewhat more 
drastic than in the corresponding type of acute cervicitis. 

In multipara? the prognosis of the chronic condition is not good, for 
although the discharge from the cervix appears to be healthy, gono- 
cocci can be grown on culture. Cultures will become negative after 
appropriate treatment, but only to become positive again when it is 
stopped. In this relapsing type of case there usually proves, on fresh 
and careful examination, to be an obscure history of deep pelvic 
trouble and very indefinite physical signs indicative of infected tubes. 
The history and signs have generally been so indefinite that the real 
source of infection— namely, a mild infection of the Fallopian tubes— 
has been missed 

Endometritis, salpingitis, oophoritis, pelvic cellulitis and peritonitis 
are dealt with in Volume II, Part X. 



CHAPTER VI 

Goxoruhiea ix Female Children 


It i 3 not until one has worked in a V.D. clinic for some time that one 
realises the prevalence of gonorrhoea in female children. In an analysis 
of G50 consecutive cases in the Female Gonorrhoea Section of the V.D. 
Clinic of the London Hospital by the late Mr. Frank Kidd and myself, 
we found no less than fifty infected children (roughly 8 per cent). Most 
of the children were under eight years of age, whereas on the male side 
gonorrhma in boys under the age of twelve is rarely seen, and then 
usually as the result of sexual precocity. 

To determine the real source of infection in female children is a 
problem of some difficulty. It is possible that in a very few cases the 
vulva is infected at child-birth, while the child is passing through the 
infected maternal passage ; but the large majority of gonococca 
infections in female children undoubtedly arise from the promiscuous 
life of the poor— the communal use of the towel, soap, sponge, e c. 
The disease is also encountered in children of the well-to-do c sses, u 
here it Is met with sporadically, and is due in most instances o an 
infected nurse or servant. An important factor in infection 13 ^ ® 

vulval secretions of the child appear to be lacking in those bactencida 
qualities which characterise the vaginal secretions o a u ts, an 
may account for the susceptibility of children to infection rom ex erna 
objects. Spread to the cervix is rare, but is met with m a few chrome 
cases and requires topical treatment. Urethritis is less common n 
in adults. Rare complications are arthritis, ophthalmia, inguina a en 
itis, and proctitis (said to be a common complication in America). 
Peritonitis is almost unknown. Sub-acute pneumococcal peritonitis 
with a large collection of pus in the pelvis and lower a °. m ? n . 

occur in children as a result of pneumococcal vaginitis. ts . 
distinct from the acute diffuse pneumococcal peritonitis oc< ^ ° 
the course of a generalised pneumococcal infection, and is se 
with in children. , _ . „ noaa 

Symptomatology and Signs of Vulvo-vaginilis. n acl ! Wa ]kinw) 
symptoms are severe pain between the legs (increase digc j ia JL[ 
burning, increased frequency of micturition, an a 
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In chronic cases, especially in the non-specific variety, the child may 
complain of nothing more than a slight itching which causes her always 
to he scratching the parts, and generally results in secondary excoriation 
and infection of the surrounding skin. When examining a child it is 
advisable to wear motor-goggles in case the child starts passing water 
into one’s face. Examination is often very difficult, and patience and 
tact are required. If the child refuses to be examined there is nothing 
for it but to have her held down by two nurses, eacli one grasping an 
aim and a leg. The child must lie on her back with the legs held wide 
apart and flexed on the abdomen. A thick yellowish discharge is seen 
covering the labia, which are swollen, tender, and glued together. 
When separated, they reveal the vestibule and a hymen which is red 
and cedcmatous. Excoriations covered with crusts arc often present 
on the skin of the perineum and thighs. In old-standing cases small 
superficial ulcers on the inner surface of the labia arc seen, and even 
condylomata acuminata. 

Diagnosis. This is made by finding gonococci in a film of tlic vulvo- 
vaginal disci large. In this respect the method differs entirely from that 
in adults, where vaginal smears arc not searched for gonococci. All 
vaginal discharges in children should be strongly suspected of having a 
gonococcal origin, and should not lie rejected as such until at least 
three careful film and cultural examinations have been made at several 
days’ interval. Even in acute cases treated from the start, and also in 
chronic cases treated late, a stage may ensue where all signs of inflam- 
mation or purulent discharge are absent, and yet gonococci can still 
be identified in vulval and vaginal cultures. These cases are true 
“ carriers ” and probably account for school epidemics. Vulvitis can, of 
course, arise from other causes, as from uncleanTiness, malnutrition, 
the acute specific fevers, thread-worms, and bacteria such as the 
colon bacillus, pneumococcus, and diphtheria and tubercle bacilli. 
Unclcanliness and parasites are the commonest causes. 

Treatment of Vulvo-vaginitis. The treatment severely taxes the 
patience of the doctor and nurse, yet with perseverance there are few 
cases that will not finally yield to methods based on experience. In 
the first place, a determined effort must be made to examine all the 
members of the family. It is useless to treat one member of the family 
only, if other infected members remain untreated. The mother must 
be warned to provide the child with her own marked towel, soap, 
sponge, basin and chamber, and to see that the water-closet is wiped 
over with lysol 1 drachm to the ounce after the child has used it. If 
possible the child should have a separate bed. 
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Routine method. With the parts fully exposed, the vulva is dried 
out with mops of cotton wool held on sponge-holders. With wool 
twisted on Playfair probes and dipped in acriflavine 2 per cent in 
glycerine, all the surface of the labia, vestibule, hymen, and skin around 
the vulva is painted. After this lias been done, the vagina is dried out 
with wool passed through the hymen on Playfair probes. The vagina 
is sponged out with 2 per cent acriflavine in glycerine, using a pipette 
and rubber teat, and the whole of its surface is then painted with the 
same solution. It is advisable to cam' out the treatment daily, if 
possible, but if the acriflavine proves too irritant it should be used only 
two or three times a week, eucalyptus oil, 10 per cent in olive oil, being 
used on the other days. Usually, after about six applications, the dis- 
charge has diminished to a minimum quantity, and all pain and itching 
have ceased. The average time we found necessary at the London 
Hospital Clinic was four months. In these cases treatment was only 
given in the Out-Patient Department twice a week. The majority of 
cases cleared up in three to five weeks, but the figures were weighted 
with a number of resistant cases which took many months to cure. 

“ Carriers In a certain number of instances, although the patient 
appears to be perfectly healthy and there arc no clinical signs of vulvo- 
vaginitis, cultures repeatedly show gonococci. The cure of this 
“ carrier ” type of case is difficult, and treatment may have to be pur- 
sued for many months before a successful result can be obtained. It is 
advisable to proceed as follows : Under an aiuesthctic a tiny Cusco 
speculum is carefully introduced so as to avoid rupture of the hymen 
and yet permit exposure of the cervix. In some cases I have found the 
external os red and swollen, and have demonstrated gonococci in the 
cervical secretion. In these cases a few drops of iodised phenol or 
silver nitrate 20 grs. to the oz. should be applied to the external os. 
This is done weekly, and a cure brought about. In others it 
is impossible to demonstrate any cervical involvement, and the 
cause of this persistent infection remains obscure. It is possible 
that the gonococcus lives in some crypts in the vagina which have not 
been touched by the antiseptic. Perseverance for some months with 
the vulval and vaginal painting (silver nitrate 20 grs. to the oz. and 1 per 
cent lactic acid) has resulted in cure. 

Other methods. Norris quotes Van Girson’s treatment, in which a 
medicine-dropper is used to introduce into the vagina 3—4 drachms of 
1 in 4000 mercuric chloride solution made up in isotonic saline, this being 
performed several times, repeatedly being sucked in and out of the 
dropper. After this has been thoroughly carried out, the washing is 
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sucked up into the dropper, centrifugalised, and examined for gonococci. 
The vagina is then dried out and painted with 5-10 per cent silver 
nitrate in water. Twenty-four hours later a second lot of washings is 
obtained and gonococci are looked for. The silver nitrate acts as an 
irritant, and second washings arc therefore more likely to contain 
gonococci. This is a useful method of treatment in resistant cases, and 
also acts as a test for cure towards the end of a course of treatment. 

A new treatment has been described by Xabarro and Signy (Lancet, 
1935. March 16th). It is known that oestrin produces epithelisation 
of the vaginal mucous membrane in virgin rats and mice, and as the 
result of this observation the administration of menformon has been 


recommended. The dosage advised is six tablets a day (each 1CC0 
international units). At the same time a daily douche of iodine, 
1 drachm to the pint of water, or 1 in 150 chlorauiine-T solution is 
gi\en, vaginal packs of gauze strips soaked in glycerine and flavine or 
glycerine and protargol, the latter being the most satisfactory, being 
left m for twenty-four hours. By this method the average length 
of treatment is reduced, and in some cases relapses have been cured by 
the administration of oestrin alone. It was found that the local dis- 
charge rapidly cleared up, and microscopically the results were very 
stnkrng The general health was excellent and weight was gained. In 
some instances there were spasmodic pains in the abdomen, and even 
cyanosis Enlargement of the breasts also occurred, but subsided 
immechately the oestrin was stopped. There was no enlargement of the 
genitals, but sometimes there was a slight growth of pubic hair. Ure- 
Pmhin PreS€nt 35 a COra P lication “ 10 ^ cent of the cases reported, 
bv natural** o ono «>ccal urethritis is present, but clears up 

by natural resolution m the course of one to six weeks 

addition ^ t0 ,T' 0 J r ° Ut “ e metbo<iii of treatment in 

* a " d treatment. This is carried out once 

Xtf Lrt™ “la T thra “ ,iny PL, y &i r pr°ie covered a 

ri a„rl 0 lr' . IPPed “ Silw •*»•« “lotion, starting with 

o grs. and working up to 20 grs. to the ounce. 
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sacked up into thediopper, centrifugalised, and examined for gonococci. 
The vagina is then dried out and painted with 5-10 per cent silver 
nitrate in water. Twenty-four hours later a second lot of washings is 
obtained and gonococci are looked for. The silver nitrate acts as an 
irritant, and second washings are therefore more likelv to contain 
gonococci. This is a useful method of treatment in resistant cases, and 
also acts as a test for cure towards the end of a course of treatment. 

A new treatment has been described by Xabarro and Signy (Zoned, 
1935. March IGth). It is known that oettrin produces cpithelisation 
of the vaginal mucous membrane in virgin rats and mice, and as the 
result of this observation the administration of menformon has been 


recommended. The dosage advised is six tablets a day (each ICCO 
international units). At the same time a dailv douche of iodine, 
1 drachm to the pmt of water, or 1 in ISO chlo'tamine-T solution is 
given, vaginal packs of gauze strips soaked in glycerine and havine or 
glycerine and protargol, the latter being the most satisfactory, being 
left in for twenty-four hours. By this method the average length 
of treatment is reduced, and in some cases relapses have been cured bv 
the administration of cestrin alone. It was found that the local dis'- 
charge rapidly cleared up. and microscopically the results were verv 
stnkmg. The general health was excellent and weight was gained. In 
some instances there were spasmodic pains in the abdomen, and even 
Cianosn- Enlargement of the breasts also occurred, but subsided 
immediately the oestrin was stopped. There was no enlargement of the 
emtaL-. but sometimes there was a slight growth of pubic hair. L’re- 
PmMdv 3F asa complication in 10 per cent of the cases reported. 
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Section 2 

SYPHILIS 


Surgeon -Commander J. B. Crawford, U.N. 


CHAPTER I 

Pathology 

Syphilis may be described as a specific disease caused by the entrance 
into the body of the spirochak, pallida, often called the treponema 
pallidum. It is proposed in this article to refer to the organism as 
spiioclueta pallida, which was the original name given to it by its d 
covcrer, Schaudinn, and the one by which it is commonly known in tins 
country. It is generally accepted that there must be an abrasion in 
the skin or mucous membrane before the organism can effect an 
entrance, though some authorities deny that a surface lesion is necessary. 

The spirochete pallida is a very slender microscopic organism 
shaped like a spiral. It is about 0-25 microns ill thickness and varies in 
length from 4 to 20 microns or even more, the number of spira y g 
with the length of the organism. The average length is about one and 
a half times the diameter of a red blood cell, r.e. 10 microns, and tins 
length contains about eight spirals. . , 

On examination with dark-ground illumination, the ^fresh spec me 
will show a dead white and very active organism. Tins “ 

confined to the spirochaite itself. Its progress across the field of vision 
is very slow, much energy being expended for the amount of pos tiona 
change. The motility of the organism is very characteristic and has 
three definite essentials : 

(1) A rotary movement similar to a corkscrew. 

(2) Lateral or side-to-side movement. The spirochete may bend 

on itself at an acute angle. . . , 

(3) A closing and extending of the individual spirals. 

The spirals themselves never become straightened out even w en 
the organism is dead, as will be noted in stained specimens. 

That, pathologically, there are different steams of the spirochete 
5299 
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pallida has beeu maintained by some workers in an effort to explain 
why certain cases are more virulent than others and why the organism 
causes, for instance, cardio-vascular lesions in one person and cerebral 
syphilis in another. So far, no accurate proof has been produced that 
this is so. It is generally accepted that personal idiosyncrasy to a large 
extent determines the seat of the lesion. 

Recent researches suggest that the spirochteta pallida can assume 
some other form, possibly a minute granule, which, after an indefinite 
period, can. under favourable conditions, develop again into its original 
state. This theory would partly explain the disappearance of spiro- 
chzetes and the latent periods in tertiary syphilis ; also it would throw 
light on some of the curious phenomena of congenital infection. 

Incubation . The period of incubation varies considerably. It may 
be as short as twelve days or as long as three months, but it is usually 
about four weeks. During this peiiod the spiiochietc multiplies and the 
toxins thereby produced cause irritation of those tissues with which 
they are in contact. The result is a pcri-vascular rouud-celled infiltra- 
tion. This local cell proliferation soon undergoes necrosis and at the 
end of the incubation period a chancre or primary sore appears at the 
site of inoculation. During this incubation the organisms are chiefly 
in the area surrounding the seat of infection and in the lymphatic glands 
draining it. They are most numerous at the point of inoculation and 
by the irritation of their toxins determine the position of the sore. 

The Primary Sore. The chancre or primary sore, whether genital or 
extra-genital, is usually indurated, though sometimes it will be noted 
that a small pm-hcad erosion of mucous membrane will reveal, on dark- 
ground illumination, numerous typical spirocluctas pallidie. The 
lymphatic glands draining the area become cularged. They are pain- 
less and each gland may he felt distinct from its neighbour. Gland 
puncture usually reveals the presence of the causative organism. 
Unless treated, the sore increases in size and in a period of one to two 
months the secondary lesions make their appearance. 

Secondary Manifestations. The secondary stage is one of general 
infection and is characterised by skin lesions, general adenitis, some 
malaise, anaemia, mucous membrane changes, and a rise of temperature. 

Skin Lesions. The syphilitic rash may be truly described as 
polymorphic in character. It is, as a rule, first noticed on the trunk, 
gradually extending to the limbs and face and even to tbe palms of the 
lands and the soles of the feet. It may be macular, papular, papulo- 
squamous, pustular, or even rupoid in appearance. In areas which 
tend to become moist, condylomatous growths may appear. The 
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colour of the rash is usually a dull red. It has been described as cop- 
pery, but when this is noted it is probable that the rash is fading. In a 
severe case it will be found that these coppery spots will last for 
months before finally disappearing. If a small blister is made on a 
portion of the rash, the spiroclucta pallida can, as a rule, be 
demonstrated in the resulting serum. 

General Adenitis. All lymphatic glands show a tendency to increase in 
size. These are painless and feel like small masses of rubber under theskin. 

Malaise. This is not a constant symptom, but the patient usually 
feels “ out of sorts ” during the onset of the skin lesions and has some 
rise of temperature. 

Ancemia. This is a fairly constant symptom and in severe infections 
the red cells may be as low as two and a half million. 

Mucous Membrane Changes (sec also page 5022). These are usually 
manifest on the buccal mucous membrane associated with ulceration of 
the tonsils and soft palate. The epithelial cells become swollen, produc- 
ing a whitish appearance, and tend to desquamate. The area affected is 
circular in outline with a red marginal zone. In severe cases ulceration 
takes place giving rise to acute stomatitis. When the tonsils are affected 
they become swollen and ulcerated, often leaving a serpiginous scar on 
healing. 

Between the primary and secondary stages the Wassermann reaction 
of the blood, which has hitherto been negative, becomes positive. 
This takes place about two weeks after the appearance of the sore. 
During this period, if treatment is properly administered, there is a 
reasonable probability of cure without the disease ever reaching the 
secondary stage. The earlier the treatment is started the more certain 
the elimination of syphilis becomes. 

It is a peculiar characteristic of this disease that, once the blood 
Wassermann becomes positive, the patient is rendered immune to 
further primary lesions, whereas, prior to this, inoculation with tkespiro- 
chffita pallida will produce a primary lesion. This is often seen in the case 
of contact chancres on the prepuce or where a penile sore lies in contact 
with the thigh. 

During the secondary stage there is an enormous increase in the 
number of spiroclifetae pallid® all over the body. The manifest symptoms 
are chiefly due to the irritation caused by the vast numbers of these 
organisms which have found their way to the skin, mucous membranes, 
lymphatic glands, etc. 

Tertiary Stage. The character of the disease now changes. Second- 
ary lesions resolve and there comes a period of latency in which there 
are no apparent manifestations. This may last from a few months to 
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pallida lias been maintained by some workers in an effort to explain 
why certain cases are more virulent than others and why the organism 
causes, for instance, cardio-vascular lesions in one person and cerebral 
syphilis in another. So far, no accurate proof has been produced that 
tlus is so. It is generally accepted that personal idiosyncrasy to a large 
extent determines the seat of the lesion. 

Recent researches suggest that the spiroclneta pallida can assume 
some other form, possibly a minute granule, which, after an indefinite 
period, can, under favourable conditions, develop again into its original 
state This theory would partly explain the disappearance of spiro- 
chetes and the latent periods in tertiary syphilis ; also it would throw 
light on some of the curious phenomena of congenital infection. 

Incubation. The period of incubation varies considerably. It may 
be as short as twelve days or as long as three months, but it is usually 
about four weeks. During this period the spirocluote multiplies and the 
toxins thereby produced cause irritation of those tissues with which 
they are in contact. The result is a peri-vascular round-celled infiltra- 
tion. This local cell proliferation soon undergoes necrosis and at the 
end of the incubation period a chancre or primary sore appears at the 
site of inoculation. During this incubation the organisms are chiefly 
in the area surrounding the seat of infection and in the lymphatic glands 
draining it. They are most numerous at the point of inoculation and 
by the irritation of their toxins determine the position of the sore. 

The Primary Sore. The chancre or primary sore, whether genital or 
extra-genital, is usually indurated, though sometimes it will be noted 
that a small pin-head erosion of mucous membrane will reveal, on dark- 
ground illumination, numerous typical spirochtctaj pallidso. The 
lymphatic glands draining the area become enlarged. They arc pain- 
less and each gland may be felt distinct from its neighbour. Gland 
puncture usually reveals the presence of the causative organism. 
Unless treated, the sore increases in size and in a period of one to two 
months the secondary lesions make their appearance. 

Secondary Manifestations. The secondary stage is one of general 
infection and is characterised by skin lesions, general adenitis, some 
malaise, anosmia, mucous membrane changes, and a rise of temperature. 

Shin Lesions. The syphilitic rash may be truly described as 
polymorphic in character. It is, as a rule, first noticed on the trunk, 
gradually extending to the limbs and face and even to the palms of the 
hands and the soles of the feet. It may be macular, papular, papulo- 
squamous, pustular, or even rupoid in appearance. In areas which 
tend to become moist, condylomatous growths may appear. The 
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colour of the rash is usually a dull red. It lias been described as cop- 
per}', but when this is noted it is probable that the rush is failin'*. In a 
severe case it will be found that these coppery spots will f ur 
months before finally disappearing. If a .small hli>tcr is made mi ;i 
portion of the rash, the spirocliacta pallida can, as a nib- he 
demonstrated in the resulting serum. 

General Adenitis. All lymphatic glands show a tendency to increase in 
size. These are painless and feel like small masses of rubber under the skin 

Malaise. This is not a constant symptom, but the patient usually 
feels “ out of sorts ” during the onset of the skin lesions and has sonic 
rise of temperature. 

Anamia. This is a fairly constant symptom and in severe mfettio 
the red cells may be as low as two and a half million. 

Mucous Membrane Changes (see also page 502*2). These are u n 
manifest on the buccal mucous membrane associated with ulceration f 
the tonsils and soft palate. The epithelial cells become swollen n i ° 
mg a whitish appearance, and tend to desquamate. The area affected"’* 
circular in outline with a red marginal zone. In severe cases ulcer r ** 
takes place giving rise to acute stomatitis. When the tonsils are affe .t°*I 
they become swollen and ulcerated, often leaving a serpiginous sear ^ 
healing. ‘ 0u 

Between the primary and secondary stages the Wassermann react' 
of the blood, which has hitherto been negative, becomes positiv” 
This takes place about two weeks after the appearance of the sore 
During this period, if treatment is properly administered, there is 
reasonable probability of cure without the disease ever reaching the 
secondary stage. Tire earlier the treatment is started the more certain 
the elimination of syphilis becomes. 

It is a peculiar characteristic of this disease that, once the blood 
Wassermann becomes positive, the patient is rendered immune to 
further primary lesions, whereas, prior to this, inoculation with the spiro- 
chffita pallida will produce a primary lesion. This is often seen in the case 
of contact chancres on the prepuce or where a penile sore lies in contact 
with the thigh. 

During the secondary stage there is an enormous increase in the 
number of spirochaetas pallid© all over tbe body. The manifest symptoms 
are chiefly due to the irritation caused by the vast numbers of these 
organisms which have found their way to the skin, mucous membranes 
lymphatic glands, etc. 

Tertiary Stage. The character of the disease now changes. Second- 
ary lesions resolve and there comes a period of latency in which there 
are no apparent manifestations. This may last from, a few months to 
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many years, and some authorities maintain that the disease in a certain 
percentage of cases becomes spontaneously cured without anti-sypJiilitic 
treatment. 

There is no hard and fast diriding line between the secondary and 
tertiary stages. Sometimes tertiary lesions follow on, or even overlap, 
the secondary. 

The spirochretae pallidas which were so numerous throughout the 
body now begin to disappear Probably they are destroyed by the 
protective defences set up. There are, however, a certain number left 
which succeed in forming a nidus in any organ or tis&ue of the body 
where they lie dormant. 

The reaction of the tissues to the organisms causes the production of 
a gumma or gummatous infiltration. This consists of a mass of endo- 
thelial cells and newly-fonned blood-vessels. The walls of these vessels 
become involved and undergo a process known as endarteritis obliterans, 
thus curtailing the blood supply to the growth, which, if small, is replaced 
by fibrous tissue, or if large, usually undergoes necrosis, thus producing 
the typical lesions of tertiary syphilis which may be described as those 
of degeneration. 

Osier’s statement : '* Know syphilis in all its manifestations and 
relations and all other things clinical will be added unto you,” is 
certainly true of this stage of the disease. 

As previously stated, no organ or tissue is immune from attack, 
from the bram to the skm. According to the part infected so the vast 
symptomatology of this stage of the disease is accounted for. In fact, 
there are few, if any, symptoms which cannot be simulated, from a 
simple granuloma of the subcutaneous tissue to the highly complex 
pathology of general paralysis of the insane. 

A brief summary of the manifestations occurring in the tertiary 
stage will now be given : 

The fundamental principle of tertiary syphilitic infection in what- 
ever organ it may attack is. first, an irritation producing a prolifera- 
tion of cells, and. second, a degeneration due to the destruction of the 
vessels supplying these cells — endarteritis obliterans. 

The spirochieta pallida is carried throughout the body by the blood 
stream and may obtain a nidus in any part ; often an injury may deter- 
mine the seat of infection. Haring obtained a habitat where it can exist 
m comparative safety from destruction by the defensive mechanism of 
the body it starts on its fell career of gummatous infiltration. 

It is quite possible that the characteristic organism may undergo 
a change which renders it more or less immune from destruction. 
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Gummata of the Skin. These may occur on any part of the skin. 
They may he multiple and be distributed over a large area, or there 
may be only a single gumma (fig. 2900). A common place is the inner 
part of the leg in its upper third or the inner aspect of the knee (fig. 
2907). The skin, for want of adequate blood supply, becomes necrotic, 
leaving an ulcer, which, unless treated, extends laterally and is very 
slow to heal. Reference to gummata of the skin will be made later 
when diagnosis is being discussed. 

Gummata of Mucous Membrane. These are most common in the 
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nasopharynx, tongue, and rectum. The ulceration is usually irregular, 
leaving snail-track scars of fibrous tissue on healing, these being liable 
later on to cause stenosis of the larynx and the rectum. Gummata of 
the nose usually encroach on the bones and cartilages of that organ, 
giving rise to the well-known flattening which is a common feature of 
congenital syphilis (see fig. 2908). 



FtJ. 2910.— CUittCOT* DULUI or 


Gummata of Periosteum and Bone. Most gummata are more or 
less painless, but those ot periosteum and bone are, as a rule, 
painful. 

The sequela of a gumma is either a fibrosis or a necrosis, but in 
periosteum ami bone, if necrosis docs not take place, the gummata 
ossUj-, producing nodes winch can easily be felt in such bones as the 
tibia and clavicle (fig. 2911). 

On X-ray examination of these bony tumours it will be noted that 
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the new bone formation is very dense, a point of considerable diagnostic 
importance (fig. 2912). 

Reference may here be made to a peculiar arthritic condition which 
may occur in syphilis, namely Charcot’s joint (figs. 2909 and 2910). 
This is not due to gummatous infiltration of the surfaces forming the 
joint, but to a destruction of the trophic nerves supplying it. Pain in 
this lesion is absent. 

Cardio-vascular Infection. This condition probably has a greater 
mortality than any other syphilitic lesion. 
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As the syphilitic organism finds its way from the primary sore 
through the lymphatics into the blood stream, there to bo circulated 
to all parts of the body, it is quite logical to assume that, in the minute 
blood-vessels such as arterioles, vasa vasorum and capillaries, the 
infective material may become attached to the vessel wall and there 
start the usual cycle of irritation, cell proliferation and degeneration. 
The irritation produces an arteritis or phlebitis, eventually leading to 
malnutrition of the part involved. In the brain, for instance, a mono- 
plegia may be the result. 

Later, when the tertiary stage becomes manifest, the irritative pro- 
cess is replaced by a gumma and subsequent fibrosis, and the disease 
then assumes a more serious aspect, especially when the aorta, coronary 
arteries and valves of the heart become involved, givingrisc to aneurysm, 
myocardial degeneration, valvular incompetence, and the host of 
symptoms caused by arterial degenerative changes. 

Mcningo-vascular Involvement. It is easy to imagine that when 
the “ meningo-vascular system ” becomes infected, a vast number of 
apparently conflicting symptoms may arise according to the particular 
part affected, such as the meninges, the base of the brain or other 
important cranial structures. The symptoms are due to pressure, 
thrombosis, and gummatous infiltration. 

Neurosyphlis. This may be described as a syphilitic infection of 
the parenchyma of the brain and spinal cord. It has been referred to 
as a parasyphilis and sometimes as the quaternary stage. The result of 
such an infection is indeed grave, leading as it so often does to insanity, 
paralysis and death, unless treatment is forthcoming. 

It is a curious fact that neurosyphilis usually develops in those cases 
in which obvious external secondary or tertiary lesions have been more 
or less absent. Indeed it is very’ rare to find external tertiary mani- 
festations in a \ ictim of this form of syphilis. 

The parenchyma of the brain and spinal cord, like other parts of 
the body, requires a blood supply, and it is in the fine capillaries and 
lymph channels of the brain substance that the syphilitic virus starts 
its work of degeneration, so that neurosyphilis can be regarded as a 
tertiary manifestation. 



CHAPTER II 


Diagnosis 

Since the researches of Schaudinn, who identified the causative 
organism of syphilis, and the investigations of Wassermann, who dis- 
covered the specific reaction of the blood associated with his name, 
the diagnosis of syphilis has been rendered comparatively simple, 
though difficulties still arise in a certain percentage of cases. 

Examination of the Primary Sore. The primary sore is usually 
regular in outline with a shelving edge, a necrotic base, and an area of 
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induration around the ulcer, which is raised above the surrounding 
part (figs. 2913, 2914 and 2915). It will also be noted that the lym- 
phatic glands draining the region affected are enlarged and painless. 
They present a feeling of elasticity on palpation and are distinct from 
one another. If pyogenic infection is superimposed on the syphilitic, the 
glands become painful and massed together and may even suppurate. 

Care should be taken in obtaining an accurate clinical history. 
Note should be made of the period of incubation, previous infection, 
and any treatment which may have been applied to the sore, the 
5307 
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presence or absence of rash, time of onset, sore throat, etc. Considerable 
tact should be used if a true history is to be obtained. 

In the primary lesion, the causative organism is, as a rule, easily demonstrated 
in the serum taken from the chancre. One of the best ways to obtain this fluid 
is, after cleaning the sore with normal saline, to grip the edge firmly between the 
finger and thumb, and then to puncture the part under tension in several places 
with the point of a fine sterile needle, not going deep enough to cause hemorrhage. 
In a few minutes small drop3 of serum will be seen to exude. These are collected 
m a fine capillary tube which can be hermetically sealed in the flame of a spirit 
lamp and. be sent to a laboratory for examination, or be expressed directly on to a 
glass co\cr-slip with a thin smear of vaseline round the edge. Care should be taken 
that no air babbles are contained in the serum so expressed. This cover-slip is 
carefully lowered on to a glass slide and pressed evenly with a needle to give a thin 


FtJ. 2913 — PUXART CJIAXCR* 0» TUI nr 
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ready for examination by the dark- 
ground illumination. When present, the spirochaeta pallida is easily demonstrated 
by this method of procedure. 

In secondary manifestations, the organism can frequently be discovered in the 
rasb by raising a blister and examining the resultant serum- It can also be 
obtained in the fluid from gland puncture. In tertiary lesions, it has been found 
occasionally but only after prolonged and careful search. 

The characteristic movements, size and regularity of the spirals and the dead- 
ivhito colour of the organism makes its recognition certain. The spirochseta 
pertenuis which is the cause of yaws is very similar to the pallida. It is doubtful 
if these two organisms can be differentiated from one another under the microscope J 
indeed, some authorities claim that they are identical. Two other spirochetes 
may be mistaken for the pallida, viz. the spirochata gracilis and the spirochseta 
raicrodentum. The spirochaeta gracilis is thicker than the pallida and its move- 
ments across the field of vision are much more rapid. The spirals are coarser and 
it is not dead u hite in colour. The spiroclueta microdentum u bich is occasionally 
found in decaying teeth is shorter and the spirals are shallower than those of the 
pallida ; furthermore it is easily stained. The other spirochatcs which may be 
encountered have entirely different characteristics and are unlikely to be con- 
founded with the specific organism of syphilis. 
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Demonstration by Staining. The spirochreta pallida is very difficult 
to stain, butGiemsa’s stain and Fontana’s silver stain may be used with 
success. The organisms can also be distinguished by the indian ink film. 

There is a modification of Fontana’s method which often gives good result; 
and which is here noted in detail. The scrum to be examined is placed on a micro- 
scopic slide and allowed to dry. It is then fixed for one minute in the following 
fh'id ■ Glacial acetic acid ... 1 part. 

Formalin (-iO per cent) . . 20 parts. 

Distilled water . . . 100 parts. 

Drain this of! and pour on a 10 per cent solution of tannic acid in distilled water. 
Heat the slide to the point of steaming for thirty seconds, wash in distilled water 
for thirty seconds, apply carbol fuchsin solution and heat to steaming point for a 
half to one minute, then dry. The slide is now ready for examination under a 
T \,th objective. 

The irdfittrmatm Reaction. This is of the utmost value in the 
diagnosis of syphilis when the disease has become established. 

As previously mentioned, the IV. It. does not become positive until 
the primary stage of syphilis is somewhat advanced. In early primary 
syphilis it is of no value from a diagnostic point of view. The W. E. 
begins to become positive in from 10-15 days after the appearance of 
the primary sore. 

When, by means of its toxin, the syphilitic virus causes the destruc- 
tion of body cells, lecithin and cholestcrin arc set free. These products 
of destruction stimulate the formation in the blood of certain sub- 
stances which may be termed Wassermann bodies, and it is the presence 
of these that the W. E. demonstrates, not the presence of true anti- 
bodies, as is the case in other complement fixation tests. It is, there- 
fore, not surprising that cases which arc not syphilitic occasionally show 
a positive reaction. As a rule, these positive reactions are not per- 
manent, for, if the test is performed two or three weeks later, a negative 
result may be obtained, presumably when the condition giving rise to 
the Wassermann bodies has resolved. 

Clerical and technical errors in the laboratory and elsewhere may 
also account for some of the positive results. 

It would be a grave mistake to presume that every case of positive 
W, R. is the result of syphilitic infection, without having some other 
confirmatory evidence to support such an assumption. 

Of late, precipitation tests have been introduced such as the Kahn, 
Sigma, Sachs Georgi and Vernes as alternatives to the W. R. These 
tests, although accurate ip their results, have not so far succeeded in 
ousting the W. R. from pride of place in the diagnosis of syphilis. In 
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doubtful cases two or more diflerent sere-diagnostic methods are of 
value. If such tests arc carried out the error will probably not be more 
than 3 per cent. 

DIFFERENTIAL DIAGNOSIS 

(1) Chancroid. This is a slow-healing sore usually affecting the 
genitals and is due to venereal infection. The incubation period is a 
few days instead of weeks. The typical induration is absent, the sore 
is irregular in outline, and the edges are undercut. It is considered that 
the causative organism is the bacillus of Ducrey. Examination of the 
serum fails to demonstrate the spirochmte of syphilis, and a common 
sequela is suppuration of the lymphatic glands which drain the affected 
area. 

(2) Herpes Genitalis This is a fairly common condition and is 
usually found on the glans penis or vulva. It starts as typical herpetic 
vesicles which often coalesce leaving an irregular sore with punched-out 
edges. Absence of spirochretes, induration, and the typical adenitis 
arc the diagnostic points. 

(3) Pyogenic Ulceration. This condition is usually due to trauma 
combined with a want of cleanliness. The history of the condition, and 
the absence of the spiroclueta pallida and of typicai induration will 
usually render the diagno-b dear, while if the lymphatic glands be 
involved they are painful, massed together, and often suppurate. 

(4) Scabies. The skin covering the genitals is a common seat for 
scabxtic infection. Scratching may impose a pyogenic infection on 
the burrows of the acarus and simulate a syphilitic sore. The demon- 
stration of the acarus and its presence in other parts of the body with 
the absence of typical syphilitic findings usually clear up the diagnosis. 

(5) Acute Balanitis i cith Mucous Erosion. This is a septic condition 
of the prepuce and glans. usually due to phimosis and want of cleanli- 
ness Purulent dL-eharge and inguinal adenitis are present, accom- 
panied by pain. \ anous spirochetes may be found in the excretion, 
such as spirocbeta refringens and spirochaeta balanitidis, but these are 
easily distinguished morphologically from spirocha-ta pallida. 

It la necessary to remember that syphilitic infection may be super- 
added to any of these conditions and so confuse the diagnosis. Careful 
examination of the exuded serum for spirocliata pallida, the W. R. of 
the blood and the effect of arsenical treatment on the sore should settle 
the diagnosis. 

In the differential diagnosis between syphilis and other skin lesions 
the 11 . R. is invaluable, as the syphilitic rash may simulate any other 
skin eruption. Too much reliance should not be placed on the'colour. 
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distribution and character of the rash. The presence of a primary sore 
or the resulting scar, the general adenitis, and the antemia will help 
considerably in diagnosis, while a positive W. R. will render it 
almost certain. 

COMMON MANIFESTATIONS OF THE TERTIARY STAGE 

As tertiary syphilis is essentially a disease of the vascular system 
and is liable to attack any organ or tissue of the body, so the symptoms 
and diagnostic signs vary to a great extent according to the part or 
parts affected. A few of the commoner manifestations may be mentioned : 

Skin and Subcutaneous Tissues. About one-third of all tertiary 
lesions attack the subcutaneous tissues. Trauma often determines the 
site. The condition may be : (a) papular, (6) nodular, or (c) gummatous. 
The two former attack the true skin, while a true gumma includes the 
subcutaneous tissues as well. 

As a rule, the papular type starts as a single papule which soon 
becomes surrounded with other papules, the process extending until 
quite a large area is involved. 

In the nodular type hard raised nodules, reddish-brown in colour, 
appear in the skin. If close together they coalesce, eventually leaving 
a dark brown pigmented scar. Gummata start in the subcutaneous 
tissues and then invade the skin. They usually form a large, round, 
painless mass, which frequently breaks down leaving a typical punched- 
out ulcer with a sloughing base. 

A very common site of involvement is the upper third of the leg, in 
contra-distinction to a varicose ulcer which is usually found on the 
lower third. 

Tertiary syphilitic infection of periosteum and bone has already 
been mentioned. 

Gummata of Tonsils. As a rule, only one tonsil is affected at a time. 
The condition is usually painless in spite of extensive destruction of 
the gland. 

Perforation of the soft palate is not uncommon in untreated cases, 
and leucoplakia of the tongue and buccal mucous membrane is also a 
condition found in tertiary syphilis. 

Gummata of the Testicle (see fig. 2916). This organ becomes hard, 
heavy and swollen. There is complete loss of testicular sensation and 
function ; as a rule, pain is absent. The lesion is due to fibrous tissue 
replacing the gummatous infiltration in the parenchyma. It is 
frequently associated with hydrocele. 

Cardio-vascular Syphilis. Cardio-vascular involvement is one of 
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the most serious disabilities produced by syphilis. Every case of this 
disease must have a very careful examination, and, if there be the 
slightest evidence of cardio-vascular involvement, it is of the utmost 
importance to initiate anti-syphilitic treatment without delay. 

Briefly, the symptoms of tertiary syphilis are those which are 
produced by arterial degeneration and by the consequent loss of 
adequate blood supply to the organ or tissues involved. 

The svmptoms of gross involvement of the cardio-vascular system 
are those of aneurysm, \alvular inefficiency, muscular degeneration, 
and high blood-pressure, and when the arteries of the meninges become 
involved, severe headache, convulsions and apoplexy usually result. 



Syphilis of Brain and Cord, (a) Meningo- vascular syphilis, and 
(b) Parenchymatous syphilis or Neurosyphilis. There is no hard and 
fast dividing line between these two as far as symptoms are concerned. 
As the brain is enclosed in a rigid bony box, leaving little room for 
expansion, one can easily realise that when a sypliilitic meningitis 
begins, apart from the damage done by the spirochete itself, the exudate 
caused by the inflammation increases the intra-cranial pressure, and 
this pressure acting on important structures gives rise to a variety of 
symptoms. Later, when arterial degeneration takes place, with the 
consequent loss of nutrition, a very different picture is produced. Indeed 
it v> ould be extremely difficult to describe the complete symptomatology 
of cerebral syphilis. 

When the parenchyma of the brain and spinal cord becomes involved, 
one may classify the symptoms into three groups : 
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(1) Changes of sensation, e.g. hyperesthesia, anesthesia, deafness, etc. 

(2) Mental disorders, e.g. loss of memory, delusions, mania, 
depression, etc. 

(3) Paralytic changes, e.g. loss of function of voluntary and 
involuntary muscles. 

The three outstanding types of ncurosyplulis are : 

(1) Tabes dorsalis or locomotor ataxia, in which the parenchyma of 
the spinal cord becomes involved. 

(2) General paralysis of the insane, which affects the brain substance. 

(3) Tabo-paresis, which affects both brain and spinal cord substance. 

Mention must be mado of the changes in the cerebro-spinal fluid which take 
place when mcningo-vascular syphilis and neurosyphilis are present. 

The normal cerebro-spinal fluid is a clear colourless fluid having a specific 
gravity of about 1000 and a slightly alkaline reaction. In this fluid are traces of 
globulin, glucose and sodium chloride. A few lymphocytes arc present, about 
3-5 pere.mm. The pressure of the fluid in the canal is slight and it drains away 
slowly on puncture. 

When neurosyphilis develops, most of these substances are increased, as is also 
the pressure. The cellular elements may reach 200, or even more, per c.mm. 

A valuable aid in the diagnosis of cerebral syphilis is Lange’s test which depends 
on tho precipitation of a colloidal gold solution in certain dilutions by the patho- 
logical amount of protein in the cerebro-spinal fluid. This solution, which is red in 
colour, is added to test-tubes containing the fluid mixed with normal saline in 
increasing dilutions. If complete precipitation takes place, the resultant fluid is 
colourless. If no precipitation occurs, there is no change. Between these two 
extremes the colour varies from pale grey-blue to purple. Furthermore, this test 
is of value in differentiating between tabes and general paralysis of tho insane. 
The former, showing only a slight change of colour in the stronger solutions, 
reaches a maximum and then gradually changes to normal again, commonly called 
a luetic curve, while the latter shows complete precipitation in tho stronger 
solutions, gradually becoming normal again as the fluid becomes more and more 
dilute. This is known as a paretic curve. 

The blood-Wassermann is not so reliable in neurosyphilis as it is in 
the systemic disease. Up to 10 per cent of cases may show a negative 
result. However, the Wassennann reaction of the cerebro-spinal fluid 
is practically always positive when neurosyphilis is present. It is a 
fairly common experience to find a blood-Wassermann reaction 
negative and the cerebro-spinal fluid reaction positive. 

As in cardio-vascular syphilis, it is of the utmost importance to 
make an early diagnosis so that treatment can be instituted with the 
least possible delay, as damaged brain substance cannot be replaced 
and the result of such damage is permanent. 


CHAPTER III 


CONGENTTAL SYPHILIS 

Ip a woman becomes pregnant about tbe same time as sbe is infected 
with syphilis and does not receive treatment, the disease is conveyed 
to the foetus which usually dies in utero. In other words, primary or 
secondary syphilis in the mother about the time of her conception is 
invariably fatal to the offspring. When the disease has reached the 
late tertiary or a latent stage, healthy children are often born. The 
older the infection in the mother, the more likely is the child to live. 

It is generally accepted that the infection of the foetus takes place 
in the vast majority of cases through the chorionic villi, but it would be 
wrong to assume that such is always the case. Occasionally, direct 
paternal infection may be the cause via the spermatozoa. It is difficult 
to see how a spermatozoon could contain even a single spirochete in its 
substance and be capable of impregnating an ovum. Possibly in such 
cases the organism has become altered to some dormant form such as a 
spore. The same theory may hold good for an infected ovum. 

When paternal infection is to blame and the mother is not syphilitic 
at the time impregnation occurs, it commonly happens that she becomes 
infected by the foetus and contracts the disease without a primary stage. 

It has been claimed by some authorities that a syphilitic child may 
be bom without having infected the mother during pregnancy, and that 
later, when nursing the child, she may develop a primary sore on the 
nipple, due to direct inoculation. 

CoJles’ Law. Codes stated in regard to syphilis that : “ A child 
born of a mother who is without obvious venereal symptoms and which, 
without being exposed to any infection subsequent to its birth, shows 
this disease when a few weeks old, will infect the most healthy nurse, 
whether she suckle it or merely handle and dress it, and yet this child 
is never known to infect its own mother even though she suckle it 
while it has venereal ulcers of the lips and tongue.” 

Colles considered that this was due to the mother developing a 
protective immunity when the child was in utero. 

The law still holds good, hut not for the reason he assumed. It has 
now been proved that, once the mother has become infected with 
syphilis and the blood- Wassermann reaction has become positive, she 
cannot again be infected with the disease until that attack has been cured. 
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The infected woman frequently shows very little evidence of syphilis 
during lier pregnancy, and it is a common experience to find the W. It. 
negative in such cases. Various theories have been advanced to account 



for this curious anomaly, but without much success. A possible 
explanation may be that the chorionic ferments prevent the reproduc- 
tion of the spiro chastes and so render the disease latent. 

A considerable amount of research work will be necessary before 
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some of the curious phenomena occasionally found in pregnant; women 

are explained. 

The effect of syphilis on the cliild, as has been pointed out, varies 
with the age of the disease in the mother. It is only when the infection 
has reached the later stages that a child may be expected to survive. 
It may be bom with secondary syphilis, and show the usual manifesta- 
tions of that stage. If it survives, it develops some of the stigmata, 
such as prominent frontal eminences, saddle-shaped nose, radiating scars 
from the mouth (see fig. 2917), Hutchinson’s teeth (see fig. 2918), sabre- 
shaped tibiae, gummatous osteitis of the skull (see fig. 2919), and many 
other conditions which are more or less peculiar to congenital syphilis. 
Later, about the time of puberty, the central nervous system may 
become involved. 

In making a diagnosis, the W. R. of both the mother and the child 
should be ascertained, and in doubtful cases a flocculation test should 
also be made. 



CHAPTER IV 

Treatment op Syphilis 

Bkpohe tlio introduction, by Erlich, of the arsenical treatment for 
syphilis, mercury in some form and potassium iodide were practically 
the only drugs used to combat the disease. 

It is very doubtful if the majority of the cases were ever really 
cured. To a large extent the disease was kept in a latent condition 
and, as the manifestations were not obvious, cure was assumed. When 
the Wassermann reaction and such tests became a routine for the pur- 
pose of following the progress and determining the cure of syphilis, it 
was soon discovered that the assumption of cure in the older cases 
treated by mercury was not justified. 

The argument that the time taken to cure syphilis by mercury was 
sufficient for the patient to become immune to further attacks was 
fallacious. It 1ms now been proved that once the disease has been con- 
tracted no further fresh infection can take place until the original attack 
lias been cured, and, further, that one attack does not give immunity 
though it may modify the signs and symptoms of a subsequent inoculation. 

Arsenic in the Treatment of Syphilis. Erlich’s idea was to produce 
a substance which would be specific for the destruction of the spiro- 
chaeta pallida and at the same time cause no damage to the body cells 
or tissues. In salvarsan or “ 606 ” such a drug was produced. This is 
an arsenical compound and was his 606tli attempt to obtain such a 
drug as he was seeking. While this substance is poisonous to animal 
life in certain concentrations, it lias been found to have a marked 
destructive effect on the spirochceta pallida in dilutions that were 
innocuous to the human organism. 

There are several modifications of Erlich’s original drug, such as 
uovarsenobenzol or “ 914,” sulpliarsenol, silver salvarsan and many 
others, which produce fewer toxic effects but which still retain the 
therapeutic value of the original production. Some of these are used 
intramuscularly, others are for intravenous injection. 

Triparsamide is a more modern preparation. It has not the spiro- 
chaeticidal effect of the salvarsan group, but has been found to be of 
considerable value in the treatment of neurosyphilis. The use of this 
drug will be mentioned later. 
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Bismuth in the Treatment of Syphilis. This drug came into general 
use For the treatment of syphilis about 1921, following the researches of 
Sazerac and Levaditi who demonstrated its value. 

Bismuth is by no means as potent a spiroclucticide as arsenic, but 
that it does kill the organism may be demonstrated by the fact that in 
about ten to twelve days spirochetes disappear from a primary sore 
when bismuth alone is used, whereas the disappearance of the organism 
occurs in a few hours after a dose of an arsenical preparation. It is of 
mreat value as an adjunct to arsenic and, being practically non-toxic, 
can be used in cases of intolerance to that drug. It is administered in 
the form of intramuscular injections. 

There are many bismuth preparations on the market, usually bear- 
ing trade names. They are supplied in aqueous solutions and oily 
suspensions, and also in the form of colloidal bismuth. The solutions 
are quickly absorbed but are frequently painful when injected. Prob- 
ably the best form is an oily suspension which is slowly absorbed and 
has its curative eSect spread over long periods. 

Mercury and Potassium Iodide in the Treatment of Syphilis. These 
drugs have no spiroclueticidal action per se, but are believed to cure 
syphilis by stimulating the body immunity and by assisting in the 
production of syphilitic anti-bodies. Mercury in itself is toxic, and 
care has to be exercised in the use of it. 

Once syphilis has been diaguosed, the sooner the treatment is started 
the better chance there is of cure. 

In treating the disease it is necessary not only to destroy the spiro- 
chete itself and remedy the damage it has done but also to treat local 
manifestations and to attend to the general health of the patient. 

Prior to the examination for the spirociueta pallida in the primary 
lesion, the sore should be dressed with normal or hypertonic saline, 
either hot or cold. Once the organism has been demonstrated, the 
chancre should then be treated with mild antiseptics such as calomel 
powder, lotio rubra, weak solution of mercurial salts, etc. If very 
septic, fomentations are of value and may prevent suppuration of 
the lymphatic glands draining the lesion. IV hen the sore is situated 
under the prepuce and the patient has either acquired or congenital 
phimosis, it is well to make a dorsal slit in the prepuce to establish free 
drainage, or gangrene may be the result. 

Skin and mucous membrane lesions should be kept dean and 
appropriate treatment applied. 

The patient should avoid ail excesses— dietetic, tobacco, alcohol 
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and sexual. In infectious cases sexual union should be prohibited for 
obvious reasons, and alcohol should be taken in strict moderation. 
Overwork and worry ns well as want of a reasonable amount of sleep 
should be avoided, also strenuous exercise. In short, the general rules 
for good health should be observed. 

In the fighting services of this country it has been customary to 
give intravenous injections of some form of novarsenobenzol or “ 914,” 
in combination with bismuth and iodides, for the treatment of the 
majority of syphilitic cases. This treatment has stood the test of time 
and is convenient to use. Sulpliarsenol has also been used to a large 
extent, with good results, when the intramuscular route is preferred. 

A good deal of controversy has taken place from time to time as to 
what constitutes an adequate course of anti-syphilitic treatment, the 
tendency of late being to increase the number of doses rather than to 
lessen them. It should be pointed out, however, that syphilis should 
not he treated entirely in a routine manner, hut each case should be 
considered separately and dealt with accordingly. 

Dosage of “ 914.” Experience shows that the optimum dose for a 
person of average weight is about 0*45 gm. given twice weekly. If this 
dosage is unduly exceeded there may be a corresponding increase of 
arsenical symptoms such as arsenical dermatitis, arsenical jaundice, etc. 

Practically all the arsenic in a dose of “ 914 *’ is excreted within 
seventy-two hours after injection, so that two doses a week can be 
given with safety in otherwise healthy patients. In ill-nourished 
persons the doses should be decreased or the interval between the 
injections lengthened. 

A useful method of estimating the dosage for an adult is to allow 
0-04 gm. of “ 914 ” to every stone in weight. Infants and children 
stand arsenical treatment fairly well unless they are marasmic and 
ill-nourished. Young’s formula for dosage is fairly reliable, viz. : 

Age 

— x Adult dose 

Age+12 

A careful examination of the patient should be made to eliminate 
any contra-indication to the administration of the drug. 

Contra-indications to Intravenous Arsenic : 

(1) Hypersensitiveness to arsenic. 

(2) Jaundice. 

(3) Cardio-vascular lesions, especially associated with high blood- 
pressure. 
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(4) Xephritis. 

( 5 ) Cachectic persons or those with advanced phthisis. 

(6) Syphilis affecting the optic nerve, or gumma of the brain. 

(7) Alcoholism. 

In such cases “ 914 ” should be given in small do=cs and with great 
cate, to avoid any untoward symptoms which might otherwise arise. 

When " 914 ” is given intravenously it quickly causes the death of 
anv spirocha-ta pallida it may reach. The endotoxins from the=e dead 
organisms have a very irritating action on the surrounding tissues 
(Herxheimer's reaction). 

It U easy to see that this irritation causes a good deal of reaction 
which, in such parts as the aorta, optic nerve, or brain, etc,, may cause 
a dangerous exacerbation of .-vmptonis ; thus it ia important in such 
cases that extreme care be exercised in the u.-e of any arsenical 
preparation. 

Complication » anmuj from Intravenous Artenic. 

[\) Arajjhylndoiil or Silriloid Crisis. Tliis is comparatively rare, 
hut when it occurs it does so immediately after injection. It is charac- 
terised by vasomotor disturbances, usually dizziness, rapid and dis- 
ordered heart action angio- neurotic oedema (often al>out the face and 
Ups), hiccough vomiting and. in severe cases, coma. Alild symptoms 
are occasionally met with, such as an irritating cough or an attack of 
sneezing. 

Treatment for this type of reaction consists of a hypodermic injec- 
tion of 1-1 cc of adrenalin. 1 in I0C0. followed by the usual treatment 
for shock. Adrenalin gi\ en hypodermically prior to the administration 
of the arsenic will usually modify or completely prevent such symptoms. 

(2) Utriheii/itT s Reaction. This Usually occurs a few hours after 
the administration of the first do=e of arsenic and is due to the destruc- 
tion of v£*-t numbers of spirochates and the consequent setting free of 
their endotoxins. It is characterised by an intense rash all over the 
body, together with a rise of temperature, and usually occurs in florid 
secondary syphilis when the organisms are particularly numerous in 
the bodv*. Therefore it is advisable to start a course of treatment with 
a small dose of arsenic. This is of the utmost importance when the 
cardio- vascular or meningo-vascular system is involved. Serious 
damage may ensue, or even death result, in such cases if there be a 
marked Herxheimer's reaction. 

(3) Acute Harnorrhagic Encephalitis. ’When this occurs it usually 
does so from two to five days after injection and is generally fatal 
forty-eight hours later. The condition is fortunately very rare. * 
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When it occurs, strenuous measures should be taken at once. About 
la-20 cc. of the cercbro-spinal fluid should be removed, venesection 
performed, removing up to 20 ounces of blood, and a hypodermic 
injection of l-ll ec. of adrenalin, 1 in 1000, given. If this treatment 
be carried out promptly it may save life. 

(4) Arsenical Dermatitis. When this condition occurs it usually 
becomes manifest during the course of treatment, though sometimes 
it may be delayed until a week or so after the course is finished. It may 
vary from erythema of the skin to exfoliative dermatitis. Its onset is 
commonly preceded by general malaise with some rise of temperature, 
followed shortly by a rash which usually starts on the wrLts and ankles 
and rapidly spreads to the limbs and trunk. When this condition is 
diagnosed, arsenical treatment should be stopped forthwith or complete 
exfoliation of the skin may result. (Edema of eyelids and lips is often 
associated with the more severe cases, and vesicles on the skin are 
common. 

Treatment consists of the administration of sulphur. A 5 per cent 
ointment of ichthyol in lanolinc should be rubbed into the skin all over 
the body once daily, and pil. ichthyol 3 grs. be given three times a day, 
or 1-1 drachm of sodium thiosulphate in water. Intravenous sodium 
thiosulphate is useful in doses of 05 gin. daily. 

(5) Arsenical Jaundice. This may appear a few days after injection 
or may be delayed until some months have elapsed. Its severity varies 
from a mild attack of symptomlcss jaundice to the rare and severe 
condition known as acute or sub-acute yellow atrophy of the liver. 

Some observers maintain that the simple jaundice sometimes seen 
during or after a course of arsenic is not due to the direct effect of arsenic 
on the liver cells, but to sonic intercurrent infection, the arsenic merely 
acting as a predisposing cause by lowering the general resistance of the 
body. 

The attack of jaundice is usually mild and responds to treatment, 
which consists of saline purgatives, glucose, fat-free diet, and rest in 
bed. It is doubtful if sodium thiosulphate is of any value in this 
condition although some authorities recommend it. 

(6) Renal Damage. This rarely occurs after the intravenous adminis- 
tration of arsenic if the kidneys are normal. Frequently a transitory 
albuminuria may be noted which rapidly clears up in a day or so, 
leaving no permanent damage to the organ. 

Other complications due to arsenic, such as gastro-enteritis, stoma- 
titis, pernicious ansemia, etc., are very rare and will not be described in 
detail. 
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Complications arising from Bismuth. These, which arc few in number 
when due care is observed in the administration, and when a suspension 
rather than a solution is used, may be summarised as follows : 

(1) Stomatitis. This is by far the most common complication due 
to bismuth. It starts in the gums, usually in unhealthy mouths, 
especially when dental caries is present, and spreads to the buccal 
mucous membrane. The first appearance is a blue line on the margins 
of the gums and this is often the only manifestation, no further lesion 
developing. This in itself is not a contra-indication to the use of the 
metal. When genuine stomatitis develops, the gums become tender, 
red and oedematous. Halitosis is usually present and salivation is 
increased. In severe cases ulceration takes place. The condition is 
somewhat similar to the effect produced by mercury. 

Treatment consists of stopping the bismuth, keeping the mouth 
clean with mild antiseptic mouth-washes, and attention to the condition 
of the teeth. 

(2) Gastro-mtestinal Disturbances. These are rare and yield readily 
to careful dieting. 

(3) Phlebitis and Embolism. This is due to injecting the bismuth 
preparation directly into a vein or artery. The exercise of due care 
will prevent such a catastrophe. 

(4) J&scesses at the scat of Injection. This is usually due to lack of 
proper aseptic precautions at the time of injection. A sterile abscess 
may form if the bismuth is not absorbed, although this is a very rare 
occurrence. 

(5) Nervous symptoms such as insomnia, neuralgic pains, and depres- 
sion. These conditions are seldom noted, but when present yield to 
suitable sedative treatment. 

TYPES OF SYPHILIS AND THEIR RESPECTIVE METHODS 
OF TREATMENT 

Befoic deciding on the treatment of syphilis it would be well to 
classify the disease into different types, as the various types will require 
certain alterations or modifications of the treatment : 

Type ^ A.^ Spirochetes positive. Wassennann reaction negative. 

Type “ B.” Spiiocha-tes positive. W. R. positive. Early secondary 
conditions. 

Type “0.” Late secondary and tertiary manifestations. 

Type D. Cardio- vascular and meningo- vascular syphilis, and 
neurosyphilis. 

Type “ E.” Congenital syphilis. 
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Type “A.” In treating this type, provided the case does not 
present idiosyncrasy or some other contra-indication to arsenic, and 
provided the TV. It. does not become positive, a large proportion of 
cures may reasonably be expected. 

It has been stated that one course of ten injections of “ 914 ” is 
sufficient to cure the disease in this early stage, and this has been proved 
in isolated instances by records of re-infection with syphilis in such 
cases. Some attacks may be cured by one course but not all, and 
several courses should be given in conjunction with bismuth before 
cure can be assumed. 

The first course of treatment consists of ten doses of 0-45 gm. of 
“ 914 ” in a period of five weeks, preferably in conjunction with weekly 
injections of some form of bismuth, although bismuth has not the same 
value at this stage as it has later in the disease. 

The n umber of courses required to cure Type **A.” If the TV. R. 
before, during, and after the first course of arsenical injections be 
negative and remain so, at least three further courses of eight doses of 
0-45 gin. of “ 914/' preferably combined with bismuth, should be given 
at three monthly intervals, and during this time the TV. R. must remain 
negative. Treatment is then stopped and the TV. R. is taken every 
three months for a period of two and a half years. If all these tests are 
consistently negative, it is reasonablysafe to assume a cure. If at any 
time the TV. R. becomes positive, the reaction should be repeated and 
a flocculation test done as a control to eliminate the possibility of a 
false positive. This being eliminated, treatment will have to start again 
and be carried out as described for Type “ B ’’ cases. 

Preparation of the Patient for Intravenous Arsenic. The patient 
should be advised to take a mild purgative the night before the injec- 
tion, and a light breakfast the following morning. The urine should 
be examined for albumen and bile, and about an hour before the 
injection the patient should take an ounce of glucose in water or lemon- 
ade. This is given in an attempt to fill the liver cells with glycogen 
and so prevent damage by arsenic. After the injection the patient 
should remain in bed for two or three hours. 

Before every subsequent arsenical injection, the urine should be 
examined for albumen and bile, and the patient for dermatitis, jaundice, 
or any other complication which may arise. 

Preparation of N.A.B.for injection. This should be done with great 
care. It is recommended that water recently distilled and sterilised 
should he used in the preparation. 

“ 914 ” is obtained in small glass phials usually containing 0-3 
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cm., 0-45 gm., 0-G gm. or C-9 gm. The phial used should be examined 
carefully to ensure that there is no crack in the container, and no dis- 
colouration of the contents, which ought to be a light yellow powder 
showing no tendency to adhere to the glass. When exposed to oxygen 
“ 914 ” changes its colour to dark orange, then to brown, and finally 
becomes black. If there be any change of colour, the contents of the 
tube are toxic and should be discarded. 

The amount of uaier used in dissolving “ 914.” Multiply the amount 
in gm. of “ 914 ” to be given by twenty and the result will be the 
number of cc. of water required. Thus, if 0-45 gm. were to be given it 
would be dissolved in 9 cc. of water, if 0-G gm. were the dose, the 
amount of fluid would be 12 cc. 

If too concentrated a solution isgiven intravenously, thrombosis of the 
vein may occur, especially if the vein wall he much damaged by the needle. 

AfteT dissolving the “ 914 ** the solution should be passed through 
sterile filter paper to remove fine particles of glass which may fall into 
the tube when it is opened. Injection into a vein should be given as 
soon as possible after preparation to avoid oxidisation. 

The site of injection is usually a prominent vein in the antecubital 
fossa. This area is well cleansed with iodine or ether. The patient sits 
m a chair and rests his arm on a sand-bag or small pillow placed under 
his elbow on an adjacent table. An attendant grasps the arm above 
the antecubital fossa aud the patient then clenches his fist. This has 
the effect of bringing the veins into prominence. As a rule, this is all 
that is required to render the vein easy of access. 

In patients with small veins, a good plan is to place the arm in hot 
water for a few minutes, as this has the effect of rendering the veins 
more piominent. 

Technique for the administration of Bismuth. Bismuth is always used 
os an intramuscular injection. The gluteal region is the site of choice 
on account of its comparatively large muscular area. 

Before starting a course of this treatment, buccal hygiene should be 
ensured, and during the course the mouth should be examined from 
time to time for oral sepsis or stomatitis. 

The injection should be made ouce weekly in alternate buttocks, 
thus allowing each dose fourteen days for absorption. 

One of the best preparations of bismuth is that made under the 
name of bicreol. This consists of very finely-divided bismuth metal 
suspended in a‘ creocamph base. It is solid at ordinary temperatures 
and requires to be heated to about 100 degrees Fahrenheit prior to 
injection. Furthermore, it should he well stirred before filling the 
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syringe as, when the suspension is fluid, the metal tends to sink to the 
bottom of the container. Each cc. of this preparation contains 0-1 gm. 
of bismuth. 

The course recommended consists of eight injections, the first two 
doses being of 1 cc. each, the next two of 1*5 cc. and the remaining four 
of 2 cc. each, giving a total of 13 cc. 

The upper and outer quadrant of the buttock is the area usually 
selected for the injection. The needle used should be fairly strong. 
These needles are sterilised by boiling with the stilettes still inside 
them so as to eusure that there can be no mistake about their patency. 

The buttock should be well cleansed with soap and water and then 
with iodine or ether, and a spot chosen where there is little likelihood 
of sepsis. The stilettc is then removed and the needle plunged into 
the area with a firm thrust. It is left in this position for about ten 
seconds. If the needle be in a blood-vessel, blood will flow through it. 
In such cases the needle should he removed and a fresh one inserted 
into a different place. If these precautions are carried out there will 
be no danger of injecting bismuth into a vein and the risk of sepsis 
will be reduced to a minimum. 

Treatment of Type “ B” Treatment is started as in Type 
“ A.” Ten injections of 0-45 gm. of “ 914 ” are given in bi-weekly 
doses in conjunction with eight intramuscular injections of bismuth as 
described above. Frequently after this course the W. R. becomes 
negative, but relapse is likely unless further treatment is given. 

Three months after the commencement of the first course, if the 
W. R. is negative and remains so, courses at three-monthly intervals 
should be given, consisting of eight doses of 0-45 gm. of “ 914 ” and 
eight doses of bismuth, as before. If, on the other hand, the W. R. 
remains positive, every course should consist of ten doses of 0-45 gm. of 
“ 914 ” with eight doses of bismuth. When the W. R. becomes nega- 
tive and remains so, at least four more courses of eight doses of both 
“ 914 ” and bismuth should be administered. At the end of this period 
it is advisable to have an examination made of the cerebro-spinal fluid. 
If this be normal then a blood W. R. should be done every three months 
for two and a half years. All these tests being negative, cure may be 
assumed. If, however, at any tune the W. R- becomes genuinely 
positive, treatment will have to start again as for Type “ B ” cases. 
It is very rare for a relapse to occur after the W. R. has been negative 
for two and a half years. 

Treatment of Type “ C ” cases . Provided there are no cardio- 
vascular, meningeal or neurosyphilitic symptoms present, this type of 
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case can be treated in a similar manner to Type “ B,” but, in addition, 
potassium iodide should be administered between the courses. This 
drug is of great value in assisting the resolution of the gummata which 
are so frequent a manifestation of syphilis at this stage. If potassium 
iodide cannot be tolerated by the patient, some other form of iodine 
may be tried, or some form of mercury be given instead as this drug 
tends to increase the defences of the body against syphilis. Treatment 
should he continued until the W. R. becomes negative and remains so. 
When this occurs, at least one year’s further treatment with “ 914 ** 
and bismuth should be given before starting the three-monthly asser- 
mann reactions for a period of two and half years. 

In latent and tertiary syphilis, bismuth is of more value than 
“ 914, probably on account of its slow absorption. It is always avail- 
able in minute quantities when required to assist in the destruction of 
the syphilitic virus, whereas “ 914 ” is only available for a few hours 
after injection and in that tune may not reach the affected part. Before 
considering a case cured, a complete examination of the cerebro-spinal 
fluid should always be made. 

CARDIO- VASCULAR LESIONS 

Treatment of Type *' D ” cases. The heart and arteries may become 
infected with syphilis a few months after the onset of the disease, but 
it is usually from 5-15 years before definite symptoms appear. A 
minute and careful examination of the patient must be made so as 
to detect, if possible, the early manifestations of this disability. As 
soon as cardio- vascular involvement is noted, treatment should Begin 
without any delay. The essentials of such treatment are complete 
mental and physical rest, cardiac tonics, iodides and intramuscular 
bismuth m small doses. In the earliest stages of cardiac involvement 
arsenic may be given in minute doses, but in the presence of aortitis or 
of cardiac deficiency, arsenic is much too dangerous a drug to administer. 
This form of treatment should be withheld until proper compensation 
has been established, and then only be given in small doses. 

There can he no routine method of treating syphilitic heart disease. 
Every case must be treated as a separate entity. The object is slowly 
and surely to eliminate the spirochetes from the infected areas without 
doing any damage to the organs involved. Herxheimer’s reaction 
should be avoided at all costs. 

^ r, JP arsami ^ e has been used with success in cardio-vascular 
syphilis, but like other forms of arsenic its administration should be 
delayed until the heart lesion has been fully compensated. 
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As only small doses of anti-syplnlitic drugs are used, a course of 
treatment should be prolonged for about three months. Such a course 
as is outlined below for an adult of average weight will prove useful : 

Potassium iodide 10-20 grs. t.d.s. with cardiac tonics if necessary, 
and bismuth in weekly doses, starting with 0 05 gm. and increasing the 
dose by 0-03 gm. until 0-3 gm. is reached, then continuing with this 
amount for ten weeks in all. About the fifth week, if the heart condition 
is satisfactory, minute doses of “ 914 ” may be given, starting with 
0-03 gm. and increasing by 0-03 gm. until 0-3 gm. is reached. Eight 
doses should bo given. Some authorities prefer to give intramuscular 
arsenic, such as sulpharscnol, as it is more slowly absorbed. The main 
point to remember is that, when arsenical preparations are used, careful 
examination of the patient should be made from time to time so that 
an}' contra-indication or complication may be noted early and dealt 
with accordingly. With arsenical medication it is advisable to keep 
the patient in bed for some weeks. 

After the course just described is complete and if the result be satis- 
factory, anti-syphilitic treatment is stopped for a period of six weeks to 
two months. A further course is then given, and. if the heart condition 
permits, increased doses of bismuth, and later arsenic, may be adminis- 
tered. The W. 11. should be examined periodically to note progress. 
Several courses should be given, gradually increasing the interval 
between the individual periods of treatment. Even if the \V. R. 
becomes negative, anti-syphilitic therapyshoulcl be contimicd at yearly 
intervals for several years. 

MENIXGO- VASCULAR SYPHILIS 

The same general principles of treatment should be applied to 
meningo-vascular syphilis as those used in the cardio-vascular lesions. 
Iodides, bismuth, and later arsenic, should be administered, the last 
two drugs in slightly larger doses than those employed for cardiac 
involvement. Great care and constant observation are necessary to 
avoid untoward results. Fairly frequent Wassermann reactions and 
an occasional examination of the cerebro-spinal fluid will show how 
progress is being maintained and will be a guide to the future treat- 
ment required. Early cases can, as a rule, be cured, but in the later 
stages of meningo-vascular syphilis, very prolonged medication will be 
necessary. Often the best that can be expected is the maintenance of 
a continuous latent period. 
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PARENCHYMATOUS SYPHILIS 

The foregoing principles should also be employed in combating 
syphilitic parenchymatous lesions. 

The more modem preparation known as tryparsamide is of consider- 
able value in the treatment of these cases. This is a pentavalent 
arsenical compound with a high arsenic content. It is well tolerated 
and seems to have a more specific action in neurosyphilis than the earlier 
arsenical preparations. It may be given by intramuscular or intra- 
venous injection. Some recommend the oral method of administration, 
but it is doubtful if tbe proper therapeutic effect is produced if this 
route is employed. Tryparsamide is a white powder which is easily 
soluble in water. The dose is from 1 to 3 gms. I f it be given as an intra- 
muscular injection, it should be dissolved in the proportion of 1 gm. 
to 1 cc. of freshly-distilled water. If it he used intravenously, 1 gm. to 
5 cc, of water will be required, the dose in either case being the same. 
A course for an average-sized adult will consist of ten weekly doses, 
the first two being of 1 gm. each, tbe next two of 2 gms. each, and the 
remaining four of 3 gms. each. A further course may be started a 
month later, but should be preceded by a course of iodides and bismuth. 

Tryparsamide, in spite of its high arsenic content, is very much less 
toxic than “ 914 ” and can be used over long periods without giving rise 
to untoward effects. It is very much slower in producing serological 
changes ill the blood and cerebro-spinal fluid, but in conjunction with 
iodides and bismuth a marked improvement in the disease will be 
noted. Also it has valuable tonic properties and patients will often 
remark on how well they feel after a few injections of tills drug. 

The number of courses should be determined by tbe improvement 
found on examination of the cerebro-spinal fluid, colloidal gold curve, 
cell count, IV. R., etc. In any case anti-syphilitic treatment must be 
continued for years. 

Contra-indication to Tryparsamide. A pathological condition of tbe 
optic nerve is practically the only contra-indication, but unless the 
condition is severe, the drug may be administered with caution. 
Examination of the optic fundus should be made from time to time 
during the course to determine the advisability of withholding the drug. 

As pointed out previously, neurosyphilis is not always attended by 
a positive W. R. of the blood, and therefore occasional examinations of 
the cerebro-spinal fluid should be made to assess the progress towards 
cure. 

Of late, malarial infection has been employed with considerable. 
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success in the treatment of general paralysis and tabo-paresis. Suitable 
mosquitoes are infected with benign tertian malaria {plasmodhtm vivax) 
and allowed to bite the patient, or the infection may be conveyed to 
him by subcutaneous injection of the blood from a malarial subject. 

It is now usual to inject the infected blood direct into a vein. 
About 3 cc. are used. It is unwise to use more than this amount of blood 
if the donor belongs to a different group from that of the recipient. 
Blood mixed with a 2-5 per cent solution of sodium citrate in the pro- 
portion of 1 to 5 cc. of blood should be used unless the injection be made 
at once. Sodium citrate of this strength does not affect the vitality 
of the malarial organism. 

When the injection is conveyed from patient to patieut without 
using the mosquito as an intermediate host, the sexual forms of the 
plasmodium tend to die out. This does not affect the pyrexial syn- 
dromes, nor does it lessen the therapeutic value of the attack. Further- 
more, it has been stated that this form of malaria is more easily con- 
trolled and cured by quinine than the mosquito-borne disease. 

When infection takes place, the typical rigor occurs in due course. 
Eight to twelve of these pyrexial attacks are allowed before anti- 
malarial treatment is instituted. After the requisite number have 
occurred, quinine is administered until the malarial organism is eradi- 
cated from the body. When the patient has fully recovered from 
infection, a course of bismuth and tryparsainide is administered, as 
already described. Several other methods have been introduced with 
the idea of producing pyrexia, such as T.A.B. vaccine, hot baths, 
infection with relapsing fever, etc., but none of these shows the thera- 
peutic value of malaria infection. 

It is doubtful if the pyrexia produced is the direct cause of the 
improvement in general paralysis and tabo-paresis. The malarial 
organisms or their toxins seem to have special destructive action on the 
syphilitic virus in these conditions, whereas in other parts of the body 
affected with syphilis they have no apparent curative effect. It has 
been repeatedly demonstrated that considerable improvement and 
sometimes even apparent cure is accomplished by malarial therapy in 
many cases of general paralysis, especially if they are treated early. 

Meagher, in his report to the Royal Society of Medicine on General 
Paralysis, has pointed out the value of this form of therapy. He states : 

“ It offers more promise of success than any other form of treatment 
that has been given extended trial.” The number of cases of general 
paralysis, he quotes, who have been discharged from hospital as 
markedly improved after malarial infection is very encouraging, i.e. 
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about 25 per cent of the total admitted. Prior to the use of malaria, 
the improved cases were only about 3-4 per cent. If cases of general 
paralysis were treated early there would be, presumably, on increase 
in the numbers able to return to their ordinary duties. 

The combination of malarial ami arsenical treatment with the 
administration of bismuth and iodides has altered the prognosis of 
neurosyphilis to a very remarkable extent. The expectation of life 
has been greatly increased and many are able to carry out their daily 
vocations, who, without such treatment, would be cither dead or 
hopeless imbeciles. 

Treatment of Type “ E ” Cases of Congenital Syphilis. Syphilitic 
infants, unless marasmic, arc, as a rule, well able to tolerate arsenical 
treatment. Intramuscular injection is to be preferred to intravenous, 
as the absorption of the drug is slower and there is much lass difficulty 
in administration when the intramuscular route is employed. 

The treatment should be combined with bismuth or mercury, or 
both, the latter being used as an inunction daily in the form of mercurial 
ointment. Later on, mercury and chalk is a viseful preparation 
especially at the time of teething. 

If the child is bom with manifest cutaneous lesions it is beneficial 
to add perchloride of mercury to its bath, about 5 grs. to the gallon of 
water. Due precautions must be observed by the nurse if she is to 
escape infection, and every care he taken to protect other inembeis of 
the community. Careful note should be made of the general health and 
of any change of weight in the child, as an indication of the success of 
treatment Serological examinations of the blood arc also made from 
time to tune. 

An arsenical compound specially prepared for intramuscular 
injection must be given, such as sulpharsenol or kharsulphan. It is 
advisable to start with 0-005 gm. in weekly doses, gradually increasing 
up too 02 gm. in about ten weeks’ time if the child continues to put on 
weight and otherwise seems to improve. These minute doses are given 
to prevent a possible Hcrxbeimer’s reaction. In cases of marked 
marasmus, arsenic should be withheld until a course of mercury ami 
bismuth has been given. Once improvement has become manifest, 
arsenical therapy should be started. 

The dose of bismuth recommended is 0-025 gm. of the metal as an 
intramuscular injection. When the combined treatment of arsenic and 
bismuth is given, the injections should not take place on the same day 
but be spaced with regular intervals. Syr. ferri iodid. is a useful tonic 
in 5 minim doses t.d.s., and should be given over long periods. 
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A course of combined therapy consists of eight to twelve doses 
according to progress. The treatment should be continued for at least 
one year after the W. It. becomes negative. 

As the child grows older, the doses of the various drugs are increased, 
and Young’s formula for estimating dosage is useful. 

Treatment of Syphilis in Pregnancy. Every pregnant woman who 
is suffering from syphilis, irrespective of whether it is latent or not, 
provided there are no definite contra-indications, should have intensive 
treatment of the disease ; otherwise there is a grave possibility that 
the child, if it survives the period of gestation, will be born with active 
manifestations, or show some of the stigmata of congenital syphilis. 

The virus is conveyed to the foetus from the mother about the fifth 
month of pregnancy. If maternal infection takes place later than this, 
there is a possibility of the child being born without having contracted 
the disease, though it is almost certain that it will become infected, 
either during birth or shortly afterwards by contact with the 
syphilitic mother. 

During pregnancy there is often a remission of symptoms and the 
W. It. may even become negative. It is important that such an occur- 
rence should not lead to a relaxation of the treatment, which is par- 
ticularly important at this time for the sake of the child. 

If suitable therapy is carried out, the expectation of a healthy child 
becomes almost a certainty, and the sooner the methods employed to 
combat syphilis are instituted the more likely will this be so. 

As the liver and kidneys have an increased amount of work to per- 
form during pregnancy, there is, in consequence, a greater strain on 
these organs. Due care must be taken to prevent any complication 
arising which would contra-indicate the administration of arsenic. 

It is recommended that continuous treatment should be carried out 
during the whole time of gestation. If the infection is fairly recent, 
“ 914 ” should be given in weekly doses of 0-45 gm. for six weeks, fol- 
lowed by eight doses of intramuscular bismuth, 0-2 to 0 3 gm. in com- 
bination with iodides, injected at weekly intervals into alternate 
buttocks. At the end of the second period of six weeks, “ 914 ” 
medication should be carried out, with alternating courses of “ 914 ” 
and bismuth, until the child is born. If there be any involvement of 
the eardio-vascular or ineningo-vaseular systems, etc., the treatment 
recommended previously for these conditions should be employed. 

Comments on Treatment. When treating syphilis, accurate records 
should be kept of such details as the drug used, the amount given, and 
the dates of administration. The results of Wassermann reactions with 
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their dates should also be noted, as well as any reaction which may 
occur during a course of treatment. These records will prove of value 
when assessing progress or determining cure. 

It should he impressed on the patient that treatment must of 
necessity be carried out for a considerable period of time if a cure is to 
be effected, and furthermore that a very grave risk is run if treatment 
ceases when the manifest lesions disappear. Even after, a cure is 
assumed it is advisable to have an occasional W. R. taken in order to 
ascertain if the cure be permanent. 

It is very doubtful if one attack of syphilis confers immunity 
against subsequent infection, though it frequently happens that a 
second attack docs not conform to the sequence of events usually 
associated with the disease. For instance, the period of incubation 
may be much curtailed or take a much longer time to become mani- 
fest. The onset of secondary lesions may also be delayed or may even 
occur about the same time as the primary sore is noted. 

Some authorities consider that a certain number of syphilitics when 
cured of the disease arc immune to further attacks, but no absolute 
proof of this theory has yet been found. 

It has been estimated that about 10 to 15 per cent of those who have 
been cured of syphilis become the subjects of a fresh attack, and even 
third infections have been recorded. A vast amount of research 
work is yet necessary before the question of immunity can be decided 
upon one way or another. 

Arsenic-resistant Syphilis is a condition which is fortunately com- 
paratively rare, but its possibility should always be home in mind. The 
theory is advanced that there is a certain type of spirochaeta pallida 
which is apparently more or less immune to the destructive effects of 
arsenic in the doses used in the treatment of syphilis. 

I have seen cases belonging to Type “ A,” i.e. with a primary sore 
and a negative W. R., in which the spiroclifeta pallida remained active 
in the sore during the whole of the first course of arsenic, and on one 
occasion after the lesion had healed the organisms were still found in 
the serum obtained from the region of the scar. 

In such cases the V>. R. always becomes positive and usually 
secondary manifestations appear. I have also demonstrated live 
spirochetes by blistering a skin syphilide at the end of a full course of 

914. It has also been noted that a broken-down gumma may fail 
to react to arsenical therapy and the diagnosis be altered in consequence. 

It is a moot point whether these spirochretcs are permanently 
resistant to arsenic, as it has been found, in some cases at any rate, 
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that this resistance suddenly disappears, so that, if a further course of 
arsenic be administered, the ordinary therapeutic effect is obtained. 
Such cases should be given long courses of bismuth injections in com- 
bination with iodides and some form of mercury. A course of arsenical 
treatment is given from time to time on the assumption that the 
resisting power of the spirocha?tc is not permanent. 

The true explanation of this curious phenomenon is as yet unknown. 
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PHYSICAL MEDICINE 


INTRODUCTION' 

That branch of medical science wliicli lias, only comparatively recently, 
come to be known as “ Physical Medicine,” includes within its scope 
forms of treatment whose origins date back longer than those of any 
other remedial or preventive measures. With the gradual establish- 
ment, however, of other therapy upon a more and more scientific basis, 
so-called physical methods fell under a cloud of disrepute as partaking 
of quackery. Much of this suspicion can be traced to the lack of 
exercise of control over the administration of these methods whereby 
there arose a class of technicians who not only grossly exaggerated 
their possibilities but seized advantage of this absence of control to 
undertake the treatment of the sick without medical supervision and 
therefore without any pretence of adequate diagnosis. To the Incor- 
porated Society of Trained Masseuses, now the Chartered Society of 
Massage and Medical Gymnastics, started in 1894, can be credited the 
first successful effort in Great Britain to deal with the situation, not by 
any legal compulsion but entirely by attaching to its members a status 
which technicians could not afford to disregard and, at the same time, 
by establishing the principle that its members were debarred from 
administering treatment unless instructed to do so by a medical 
practitioner. This restriction was, however, in one sense purely 
nominal because the actual prescription of the remedy or remedies 
devolved of necessity upon the technician in default of any real experi- 
ence or knowledge on the part of the medical man. It was not until 
much later that, partly because of this anomaly but largely owing to 
the increasing complexity and danger of physical methods, their study 
and practice, together with a study of the disease conditions which 
especially called for these forms of treatment, were felt to be of suffi- 
cient importance and scope to engage the main professional attention 
of individual practitioners. 

The scope of “ Physical Medicine ” comprises diagnosis and treat- 
ment by means of agents and methods other than ingesta or pure 
surgery. Logically, this definition includes roentgenology and radium 
therapy ; by convention, X-rays and radium are frequently excluded 
5337 
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from the practice of physical medicine and they will not be considered 
in this section. Finally, this speciality has its preventive aspects in 
the wide field of health exercises, the study and administration of 
which are now known as “ Physical Education.” I TJth the exception 
of certain forms of irradiation, the methods of treatment under considera- 
tion aim at one or other of Uco physical principles , namely, the 
application of heat and the administration of movement. Under 
the former can be included hot baths, radiant heat, infra-red irradiation, 
diathermv and. at any rate in part, short-wave therapy. The direct 
current- particularlv where its application is directed towards deeper 
structures, depends partly for its effects upon heat production ; even 
the therapeutics of X-rays and radium have recently been credited to 
molecular heat generation. It does not need to be pointed out that 
massage and mechanical vibrations aim at moving pliable tissues, 
and that the main effect of faradism is one of muscle movement; 
whilst the ultimate effect of all low-tension currents is to cause move- 
ments of ions, and ultra-violet radiations depend upon electronic move- 
ment. Their physiological influence is even more uniform and this is, 
almost without exception, attributable to circulatory stimulation. As 
will be shown, some of the exceptions are only apparently to be excluded 
from this general statement. Thus, baths of all kinds owe their thera- 
peutic value to their influence upon cutaneous circulation, and it is 
very doubtful whether their chemical content has any effect beyond this, 
whilst the like remark applies to all surface administrations of heat 
Even heat which is generated in deeper tissues by diathermic currents 
or by short-wave application has probably no more specific effect, 
whilst circulatory stimulation is the main if not the only function of 
massage, movements, mechanical vibrations, and low tension current 

therapy. 

MASSAGE 

This therapeutic measure has probably been in me since times that 
are not historically recorded and is the most extensively used, and one 
of the most generally misapplied, of all the physical agrots. The great 
majority of surgeons must be familiar with its four main movements.'' 
Ejjfeurop is applied with the whole of the palmar surface of the hand 
and digits which, without any suggestion of grasping, are moved along 
the skin. The degree of pressure everted varies, according to the effect 
which it is desired to produce, from the lightest possible broking to as 
firm application as can be borne without pain. In dealing with a limb, 
the direction of movement is always centripetal and the movement 
must be rhythmical and slow. Passing over a bone, and especially a 
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bony prominence, the palm ought to recede from this and the procedure 
should never elicit tenderness. This last rule should apply to the 
whole of the administration of massage. Where a complaint of hurt is 
made, the force used ought to be diminished temporarily ; if pain is 
still elicited, massage should be suspended. 

Petrissage or Kneading is directed almost always to the long muscles 
of the limbs, though naturally the overlying skin and fat also come 
under its influence. The relaxed calf, for example, is grasped between 
the palm and thenar pad, carried as it were away from the leg, and 
with a circular motion replaced and lightly pressed against the bones. 
No assistance in doing this comes from the thumb or fingers ; if this 
happens, an unpleasant or even painful sensation of pinching arises, 
whereas petrissage, skilfully applied, can be one of the most pleasant 
parts of the whole massage *' technique/' Both hands are frequently 
Used simultaneously. 

Tapotemcnt or Hacking is administered with the ulnar borders (or 
rather, by a circular movement, with the dorsal surfaces) of the last 
three fingers of both hands which arc quickly raised and lowered from 
loose wrists, the hands acting alternately. This is a highly skilled part 
of massage technique and ought not to cause any sensation of sting. A 
modification of this is a similarly applied beating with closed but not 
clenched fists, a mancEuvre which, if skilfully executed, can be applied 
even pleasantly and yet with considerable force. 

The fourth of the massage “ movements,” Friction, is administered 
by the pads of either the thumbs or the index and middle fingers pressing 
the skin against the deeper tissues and moving it in circular fashion 
over these. After a few turns on the same patch of skin, the pads glide 
lightly to a neighbouring patch where the manoeuvre is repeated before 
again passing on. In exerting the pressure, which varies in force as 
requirements demand, the pads of the fingers do not glide along the 
skin but move it on the deeper structures. An analogous technique 
makes use of the “ heel ” of the hand when one wishes to apply 
frictions to massive muscles such as the erector spin®. 

As already pointed out, the physiological influence of massage falls 
mainly upon the circulation. It is easy to understand that eflleurage 
should act mechanically upon superficial valved vessels, whilst it cannot 
be doubted that the rhythmic application of pressure upon the muscles 
brought about by kneading acts similarly upon the ceutripetal vessels 
of these. Eflleurage and kneading act in this way both in conditions, 
traumatic or otherwise, of recent origin and in the more established or 
chronic states, whereas the circulatory eflect of frictions is best 
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employed in old-standing infiltrations which are perhaps oil the way 
towards organisation. Hacking undoubtedly also promotes vascular 
flow but rather by causing a dilatation of superficial arterioles and 
capillaries, although, as will be mentioned later, the whole of massage 
also acts in this manner. Pemberton and Osgood point out that 
especially in acute disease conditions, where venous and lymph flow 
are embarrassed, there is danger of over-taxing already over-taxed and 
perhaps injured vessels, and that massage, although of the greatest 
assistance in many such states, must be carefully and even tentatively 
applied. Finally, there is said to be evidence to indicate that amongst 
the physiological effects of massage is some influence upon general 
carbohydrate metabolism. This statement must be looked upon with 
suspicion because of its being a suggestion that might arise on a priori 
grounds, owing to the known effect of massage upon muscle nutrition. 

In applying effleurage, light or almost negligible pressure is anal- 
gesic, and Lucas Championidre, in advocating the immediate application 
of effleurage to severe sprains and other such injuries, advised that the 
first few movements of the hand should not even touch the skin but 
that the hand should be very gradually approached to it. This man- 
oeuvre will allay the natural fear on the part of the patient of any 
manual interference with what is probably an acutely painful and 
swollen region, and was given the accurately descriptive name of 
gl uJiokinesxs. So soothing can it be that even the muscular spasm in 
association with a Colles’ fracture tends to disapjiear and, in the case 
of a sprained and swollen ankle, if the pressure is very gradually 
increased a joint which at first resents the lightest touch will, after 
some minutes, tolerate as deep effleurage as it is advisable to administer 
at this stage. This local sedative effect is, of course, partly, even if not 
entirely, due to reduction of swelling. Whether the general sedative or 
hypnotic effect of massage can always he attributed to circulatory 
influence is doubtful. It is probable that when general massage induces 
sleep this effect is largely due to an influence on the general circulation 
in so far as this comes under its control. There is, however, a special 
dorsal trunk technique for insomnia whose effect is undoubted and 
which cannot always be explained upon grounds of suggestion. It 
may be due to the multiple afferent cutaneous stimuli, rhythmically 
and uniformly applied, acting in a manner analogous with certain other 
special sensory stimuli which have a well-known hypnotic influence. 

The clinical effects then of massage, both general and local, are 
demonstrable, but these do not admit of explanation by means of 
examination of the urine or by investigation of the basal metabolism. 
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No effect of massage upon these can be demonstrated. Nor are the 
reputed effects of general massage upon the blood established. It is 
said to increase the oxygen capacity, the haemoglobin content, and the 
red cell count. Almost certainly, if these changes do result, they are 
due to a stage in convalescence accompanying, and in some cases 
probably due to, the administration of general massage and are in no 
sense a specific effect of this treatment. Locally, on the other hand, 
gentle eftlcurage does give rise to a transient increase in the width and 
visible complexity of capillaries, whilst with more forcible treatment 
this effect is more prolonged. In this manner also, in addition to mere 
mechanical action on the venous and lymph flow, local metabolism is 
influenced ; and as one-fourth of the circulating blood at any one 
moment occupies the capillaries and arterioles, the possible extent of 
the influence of massage is obvious. 

Clinical Indications for Massage. 

(1) Perhaps the widest field is concerned with the Removal of 
Exudate. In acute conditions, this applies almost exclusively to injuries. 
In lccent trauma, it is perhaps advisable always to begin by excluding 
contra-indications, and the most obvious of these is the danger of dis- 
placing bony fragments where a fracture is present. Apart from this 
risk there must bo few Tinctures where massage will do harm if skil- 
fully administered and, wherever the method of immobilisation permits 
of its use, it ought always to form part of the treatment from the 
earliest days. Especially is this true in the case of a fracture which 
either invclves a joint surface or is so close to a joint that the latter is 
implicated in the exudate. There is no doubt that the greater the 
amount of haemorrhage and exudate and the longer these persist, the 
greater is the liability to subsequent stiffness from organised adhesions ; 
there is equal lack of doubt that massage, early administered, has the 
effect of helping to remove the early exudate. There is much less 
urgent need of massage where a joint is not involved, but even here the 
exudate can be directly responsible for considerable atrophy and loss 
of function of muscle. The present vogue, whereby nearly every 
fracture of a limb involves encasing the limb in fixed plaster-of-Paris 
for many weeks, does not, of course, permit of massage until any 
exudate that persists is advanced towards organisation ; and, in the 
absence of very expert application combined with almost continuous 
supervision, the results to function of such treatment are not infre- 
quently disastrous. Accurate co-aptation, efficiently maintained, is 
one of the first essentials in the treatment of fractures, but anatomical 
perfection of bone is by itself of minor importance as compared with 
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restoration of function. Where no fracture exists and a joint is the 
subject of severe trauma followed by great swelling there is no objection 
to massage from the earliest moment, whilst no other remedial measure 
will so rapidly and effectively get rid of the pain and swelling. There 
is one set of circumstances which is said to constitute a contraindication, 
namely, a dislocation of the elbow at or about puberty, owing to the 
supposedly increased risk of formation of new bone in. front of 
the joint. Massage alone cannot be said to act thus, however much the 
risk can be increased by too early movement which, in these circum- 
stances, ought not to be permitted during the first four weeks. In 
joint trauma the risk of increasing harnionrhagc cannot be great and at 
any rate does not, in all probability, extend beyond the first two days. 
For such conditions as the above only efileurage can be undertaken. 
Should the method of immobilisation preclude access to the actual 
site, massage, given proximal to this, will help. 

A not uncommon sequela of inefficiently treated injuries, and 
especially of fractures, is an infiltration, varying in extent and density, 
of the soft structures in the neighbourhood of the part affected. Mas- 
sage, combined with electrical stimulation of muscles and preceded by 
heat, is urgently called for in this condition. All the four main move- 
ments of massage should be employed, the most effective of which is 
friction in depth. A similar treatment is also applicable to infiltration 
following septic infection of limbs after infective activity has passed. 

(2) The second group of disease conditions calling for massage is 
Atrophy of Muscle. The ictiology of this group is so wide that its 
members cannot be specifically mentioned. That in which most good 
results is atrophy arising from joint affection. On both theoretical and 
observational grounds it is tme to say that massage docs at least 
improve muscle tone, if not- its bulk, partly by promoting circulatory 
activity but also because tapotement excites activity of the muscle 
bundles. Again, although there are records of experiments on rabbits 
which would indicate that a paralysed muscle, whose peripheral motor 
neurones have been divided, docs not increase in bulk as the result of 
massage, yet this treatment can hardly fail to act on the circulation 
and therefore advantageously upon the muscle metabolism, because it 
must be borne in mind that absence of muscle contraction removes one 
important circulatory excitant. On the other hand, paralysis of upper 
neurone origin benefits, as one might expect, hardly at all from massage. 

In all these disease states, either traumatic or due to other causes, 
the fact previously emphasised must not lie forgotten, namely, that the 
tissue cells function abnormally and that their functional load must not 
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be increased beyond their capacity. It is therefore wise at the beginning 
of a course of such treatment to err on the cautious side. 

(3) In a group by itself especially susceptible to improvement by 
massage is Fibrositis. Although this is a widely comprehensive disease 
group, hardly any of its members offer contra-indications, but sensory 
perineuritis is a very definite exception to this generalisation ; indeed, 
almost a diagnostic factor in the acute stage of this condition is its 
adverse reaction to massage. Perhaps the very common fibro-myositis 
may be considered as affording the best example of a favourable response 
to massage of all this group, but even here its administration must be 
carefully supervised as perineuritis is a not infrequent complication. A 
further feature of its response is that this is, as a rule, greatly assisted 
if preceded by radiant or other form of heat. Generally speaking, 
massage, although it cannot he said to replace normal function, is 
called for pi many conditions in which exercise is cither impossible or 
not permit ted. In this perhaps lies its main function when given as 
part of the treatment in the next disease group. 

(4) In Rheumatoid Arthritis and even in Ostco-arthritis it is doubtful 
whether massage, applied directly to joints, is ever helpful. As treat- 
ment for the accompanying muscular atrophy, however, it is of 
undoubted benefit. Especially is it almost an essential part of the 
treatment in the former disease, not only for the affected limbs but 
perhaps even more imperatively as a form of general treatment in 
view of the characteristic anaemia, faulty metabolism, and general 
debility which always constitute part of this disease syndrome. In 
arthritis and fibrositis there exists, as pointed out by Pemberton and 
Osgood, a vicious circle. The pain inhibits movement and in conse- 
quence there is a slowing of the circulation with a depression in meta- 
bolic rate, which in turn tends to advance of the disease state. “ There 
are therefore few sufferers from these diseases in which general and local 
massage is not indicated,” although, as has already been stated, 
massage is of doubtful utility if applied directly to joints in either 
rheumatoid arthritis or osteo-arthritis. In the treatment of certain 
other forms of joint infection it takes a very important place. 

(5) Notably is this so where, as a consequence of Coccal Infection of 
joints, there remains a more or less dense infiltration of the capsule and 
peri-articular tissues which, if allowed to persist, will result in per- 
manent limitation of movement. As soon as all infective activity has 
ceased, massage, and especially frictions , again in combination with 
some form of superficially applied or deeply generated heat, is almost 
the only treatment, apart from actual functional use (so often impossible), 
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which will have any effect in removing or limiting this rapidly organising 
exudate. There is one disease complication which constitutes an 
exception to the rule against the use of massage during acute infections 
of joints. Even in the painful stage of acute gonococcal arthritis 
skilled massage often appears to limit the course of the arthritis and to 
render stiffness a less likely sequel. Naturally at this stage only the 
very lightest effleurage is tolerable, but this appears to have an unex- 
pet ted sedative effect even in one of the most painful and tender of 
disease conditions. For the later stages of an acute infective (coccal) 
arthritis, after evidence of activity has disappeared and where the 
extrinsic joint tissues are infiltrated, massage is not only invaluable but 
essential. The whole of the technical range ought to be used, but 
frictional massage is especially effective, and the treatment ought 
always to be preceded by application of one or more of the other physical 
agents which act upon local circulation — heat, infra-red irradiation, 
diathcimy, etc. Part of this infiltration affects peritendinous tissues, 
and rhythmic stimulation of muscle contraction by farndism therefore 
plays a useful part. Finally, assisted active movements obviously 
constitute the most natural means of restoration of function and ought 
never to be omitted. The most common error which is made in the 
exhibition of physical treatment, and more particularly in conditions 
such as these, is impatience and a lack of persistence. A moment’s 
consideration will bring conviction that an extensive exudate, and 
afcUioti one which is partly organised towards the formation of fibrous 
tissue, wall not lapidly disappear. And yet this is obviously expected 
by the medical man who orders a masseuse to give six applications of 
massage to a joint which is the subject of dense infiltration as a sequel 
to coccal infection. On the other hand, persistence will very often 
result in a totally unexpected degree of functional recovery. The 
prognosis, of course, is very much worse where radiographic osseous 
and cartilaginous changes are pxesent. 

General mamvje is a therapeutic measure too seldom prescribed, 
and especially perhaps after severe operations. Theoretical grounds luive 
already been discussed for the view that massage affects local meta- 
bolism whilst there is abundant clinical evidence of the effect. It 
would theiefoie he logical to expect a general metabolic improvement 
from its application to an extensive part of the body and there can be 
very little doubt that such effect does occur. There is, as previously 
mentioned, a slightly- specialised technique of spinal massage which 
does sometimes act as au hypnotic after an exhausting surgical 
operation. 
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Few, if any, contra-indications to general massage exist ; there is, 
however, a small percentage of individuals who resent it and in the case 
of these it is likely to do more harm than good, especially as part of 
its function is to produce a sedative effect. 

HEAT 

It has been pointed out that the administration of massage consists 
in producing movement of and in certain structures, and a considera- 
tion of the active and passive movement of joints would perhaps follow 
logically upon the section dealing with massage. As heat and massage, 
however, are very often complementary in practice, it will be more 
convenient to associate them closely in discussion. Heat can be either 
applied to the body from an external source or generated in the tissues 
themselves. Means of applying heal are numerous and it is extremely 
doubtful whether the various forms of its application show any essential 
therapeutic differences from one another. Practically, it appears to he a 
matter of indifference whether the external source is one which also 
emits light rays or consists of a scries of wires raised toa high temperature 
by the passage of an electric current. .Specific therapeutic effects have 
recently been claimed for infra-red radiations ; the pyretic bath (see 
page 334G) would appear to perform a slightly specialised function, and 
certain chemical substances arc introduced into some of the forms of 
heat application. Heat from an external source probably does not 
penetrate to any appreciable depth, though actual measurements of 
this are unreliable ; nevertheless, the deep effects of surface heat are 
indubitable. As already mentioned, diathermic currents and short- 
wave therapy can give rise to the generation of heat in the deeply- 
seated tissues themselves. 

The physioloyical effects of a general application of heat are largely 
circulatory. There occur ail undoubted rise in the general metabolic 
rate and an increase in the respiratory rate with an increased output of 
C0 2 ; exudation of sweat is increased, with again a rise in excretion 
of C0 2 ; and the urinary acids are in excess of normal, once more with 
increased excretion of C0 2 . Pemberton and Osgood point out that 
this leads to an acid-alkali imbalance with excess of alkalinity ; and it 
is remarkable that after a time general heat baths are attended by an 
increasing alkalinity of the sweat. It is obvious that no lead on 
chemical grounds is obtained from these observations. Heating of a 
part of the body gives rise to increased blood supply to this area of 
skin and probably to a corresponding deep vascular activity. One 
result of this is relief of pain especially noticeable in conditions, such as 
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fibrositis and chronic arthritis, which are associated with inactive cir- 
culation. Because of its stimulating effect on deep circulation it forms 
a good preparation for local massage in conditions where, owing to 
past inflammation or injur}’, the tissues arc infiltrated with an exudate 
of treater or less density and in a more or less advanced stage towards 
organisation. Heat is said to •' soften ” such tissues in preparation for 
massage The probable explanation of this observed fact is that many 
small vessels have been occluded whilst others are probably imperfectly 
responsive to sympathetic control, and the cutaneous vasodilatation 
resulting from heat application leads to reaction on the part of deeper 
vessels, thus ensuring a better exchange with more adequate removal of 
exudate products and an improved local metabolism generally. Xo 
arbitrary limits can be set either to the degree of temperature applied 
or to the length of exposure. This depends mainly upon individual 
factors. The temperature ought never to become uncomfortably 
high, and repeated warnings in this respect are necessary as many 
patients are under the misapprehension that the higher the temperature 
the greater the benefit obtained — an impression which is not infre- 
quently responsible for very persistent bums. An average length of 
exposure to dr}’ heat is twenty minutes, but a shorter exposure is 
advisable if the skin perspires easily. Host unpleasant happenings have 
resulted from failure to detect a lo>s or diminution of cutaneous 
appreciation of temperature change. 

A special method of applying moist heat is by means of the so-called 
“ pyretic ’ bath in which the whole body, with the exception of the 
head, is exposed to steam at a temperature of about 110° F. for fifteen 
to twenty minutes, this being followed, as soon as sweating on the 
forehead is definitely established, by a warm water bath, preferably 
one through which air is pumped under pressure. 

The clinical indications for heat therapy arc wide and can only be 
discussed in general terms. Its local application might be expected to 
benefit conditions where defective circulation plays a part and, until 
the recent introduction of other forms of physical treatment, radiated 
heat was a recognised form of treatment in tlirombo-angeitis obliterans 
and Raynaud s disease ; it enters extensively into the treatment of 
fibrositis where the circulation is notoriously apt to be defective • and 
it is of great service in the local treatment of arthritis, another disease 
state associated with poor blood supply. More particularly' is its use 
indicated m conditions of defective circulation associated "with pain. 
This again ^exemplified by fibrositis in which the outstanding symptom 
is pain. Widely different interpretations are put upon°this term 
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“ fibrositis.” Some would limit its use to localised fibrous and muscular 
“ rheumatism ” ; others speak of generalised fibrositis and panniculitis, 
and there is no doubt that a condition of generalised sub-acute “ rheu- 
matism ” does occur, apart from arthritis ; whilst others again would 
include most of the metabolic and infective disease conditions affecting 
any part of the mesoblastic tissues, with arthritis in all its forms. 
Whatever conception of its inclusiveness we entertain, most of its 
forms call for heat. Thus, heat is an essential part of the treatment of 
the common fibro-myositis of the trapezius, though its application has 
to be very carefully controlled in what is probably a complication of 
this, namely, brachial perineuritis ; we cannot dispense with its use 
in the analogous affection of the lumbar muscles and fibrous tissues, 
whilst the analogous complication, sciatica, reacts much more favour- 
ably than docs brachial neuritis; and in conditions of peri-articular 
fibrositis, such, for example, as sub-acromial bursitis, heat is perhaps 
the most important of the local applications. 

The rationale of the use of radiant heat as a preparation for massage 
lias already been explained. It lenders massage much more effective 
in treating the thick board-like infiltration of soft tissues which is so 
frequent a consequence of the prolonged immobilisation of fractures, 
especially in those which have suffered circulatory interference from 
injudiciously applied extension. The striking results of persistence in 
physical treatment, wlieic a short course may be ineffective, are often 
seen in the condition just mentioned, if the infiltration affects move- 
ments of larger joints. The small joints of fingers and toes are much 
more resistant, and injudicious immobilisation and extension treat- 
ment, for example, of a fracture of the surgical neck, are apt to result in 
a stiffness of the fingers which will resist any or all forms of after-treat- 
ment, thus rendering the limb functionless in spite of an ultimately 
useful range of movement at the elbow and shoulder. The risk of 
permanent stiffness of the fingers as a result of the above set of condi- 
tions cannot be too often or too forcibly stressed. Preceding massage 
for the late results of acute septic arthritis, heat undoubtedly adds to 
the effectiveness of the former, and in localised fibrositis this rule also 
applies. A joint which has been sprained and not been subjected to earhj 
massage is liable to prolonged and troublesome stiffness from either semi- 
o rganised infiltration or muscular spasm. Both these conditions will 
probably respond better to a combination of heat and massage than to 
any other form of treatment ; the pain associated with eversion spasm 
at the ankle, for instance, will often react almost immediately to heat. 
A very effective method of employing this combination is to administer 
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the massage to the affected limb whilst this rests in a bath of warm, 
soapy water, the soap rendering the massage easier, more pleasant, 
and therefore moio productive of results. 

Administration of heat to the body generally is, of course, a means of 
inducing general sweating. In a surgical treatise, a discussion on such 
indications as nephritis would be inappropriate. A periodic radiant 
beat bath is an essential part of the physical treatment of generalised 
chrome aithntis. though it is difficult to account for this on theoretical 
c onsideratioiv* ( ieneral heat application helps, w lien not too frequently 
repeated, in local but modeiately extensive iibiodtn, as, for example, 
in lumbar fibrositis, especially with a complicating sciatica, and in the 
common fibrositis around the shoulder girdle. 

The main contra-indication to extensive thermal treatment is a 
debilitated general state of health, though instances of fainting during 
its administration arc probably attributable to vasomotor disturbance. 
In any form of physical therapy which may cause a skin burn, such as 
beat, one must bear in mind those general and local disease states in 
which gangrene is apt to supervene upon a lesion of the skin. 

There are, finally, certain individuals whose make-up includes a 
dislike of high temperatures in their surroundings and by these even 
local heat cannot be tolerated. 

For the induction of general pyrexia much more cliicient physical 
agents are available than any source of externally applied heat. 
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0*5 cm. or more. Technical difficulties in estimation render accuracy in this 
impossible and it is probable that this last figure is a great exaggeration where 
living tissue is concerned. Some doubt is also expressed as to the exact nature of 
the physical conversion that takes place when these rays reach their limit of pene- 
tration and undergo absorption. One form of this is certainly into heat energy, 
so that infra-red irradiation gives rise to the development of heat at different, but 
probably very superficial, levels. There is no proof that infra-red radiations, when 
they encounter living animal tissues, have any physical effect other than this. 
Nor is there any essential difference between the radiations which produce the 
sensation of heat and which come from luminous sources and those emitted by 
dark bodies ; both are infra-red. Different sources, of course, vary in intensity 
of output and tliero is some difference in infra-red wave-length from one thera- 
peutic lamp to another. Clinically, non-luminous sources of “ li.cat ” rays are very 
valuable for local application, just as arc sources which emit “ visible ” rays in 
addition. Commercial therapeutic apparatus varies in efficiency, the difference 
being due partly to wave-length but largely to intensity. 

All the statements already made with regard to local heat therapy apply to 
the use of infra-red irradiation. There are other thermo-therapy methods but 
these will be discussed under the sections which deal with low and high tension 
electrical currents and short-wave treatment. 

MOVEMENTS 

Much of physical medicine concerns the function of injured and 
diseased joints and of the structures which control their movements. 
If any function is in abeyance for a prolonged period the organs and 
tissues which are concerned in the function undergo varying changes, 
all of which are either primarily or secondarily degenerative in 
character. Difference of opinion frequently arises as to whether an 
originally healthy joint may become the subject of “ adhesions,” 
merely by being placed at complete functional rest over an indefinite 
period. The correct view would depend upon the interpretation of the 
term “ adhesions.” There is no doubt, for example, that a major 
joint, otherwise healthy, but which has been immobilised for a long 
time by hysterical spasm, may be immovable even under general 
anaesthesia. The “ adhesions” in this case would be represented by 
degenerative changes, mainly in the muscles and in the joint capsule, 
but probably also in the synovial membrane, tendon sheaths and 
bursaj. Joint movements have also a profound effect upon the meta- 
bolism of the joint tissues and of the muscles. It is obvious therefore 
that, where a joint is involved in disease or injury, as extensive a range 
of joint movement as is safe should be maintained during the whole 
course of the affection. The qualification inherent in this general 
statement refers mainly to any adverse effect which movement, at any 
given stage of the complaint, might produce. 
vol. in. — 3 L 
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It will not be possible to discuss joint movements other than in a 
general manner. In view of what has just been stated, the first con- 
sideration ought to be as to whether passive or assisted movement is 
likely to be harmful. In onlcr to answer this in any individual instance 
it will be necessary to visualise the pathological changes which have or 
may have occurred in ami around the joint ; hut it can he accepted as 
an almost universal rule that movements which cause pain ought to 
be avoided. If pain arises there is almost certain to be both intentional 
and reflex muscular contraction opposing the movement, a situation 
fraught with danger, at least to the muscles. Further, the very exis- 
tence of the pain on movement is frequently a signal provided by 
Mature to contra-wuikate the movement. It is a rare occurrence, 
though one that does occasionally arise, that a sudden snap, with 
muscles relaxed, will tear a soft joint adhesion, the tear being accom- 
panied by severe pain. Another contra-indication, and one which must 
be continually kept in mind, is any evidence of increase of the patho- 
logical condition during the few days succeeding any attempt at move- 
ment. Should there be an exacerbation of pain, an unusual rise in 
general temperature or an increase in swelling or heat of the joint itself, 
any of these ought to lie assumed to be evidence that movement must 
be at least temporarily suspended. An exception to this general state- 
ment is that a successful joint manipulation under local or general 
anaisthesia may be followed next day by a slight effusion which, in 
these circumstances, does not necessarily call for immobilisation. 

It lias long been thought that any baitcrial infection of joint struc- 
tures automatically imposes complete immobilisation of the joint so 
long as any evidence whatever of bacterial activity persists. So 
deeply ingrained is this teaching that a discussion of its soundness Is 
apt to be purely academic, but prolonged observation of sub-acutcly and 
even acutely infected joints would lead one to doubt at any rate the 
universality of its application. Movements, tentative at first, of 
gonococcal joints at the earliest moment at which the movement does 
not increase the pain would not appear to be harmful, and carefully 
performed movement of joints which are the subject of early rheuma- 
toid arthritis, even in an acute phase, can be undertaken with advan- 
tage if exacerbation of symptoms and signs is absent some hours or a 
day later. Such procedure ought to be undertaken very carefully, if 
at all, and the risk of damage will probably be lessened if at the same 
time traction is exercised in the long axis of the limb. In the case of 
mterphalangeal joints, skle-to-side and rotatory movements area wise 
preliminary and will almost certainly be more tolerable than move- 
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meats of flexion and extension, probably because, owing to peculiarities 
in conformation of these joints, the former produce Jess stretching of 
sensitive ligamentous structures than tlie latter. Joints which are less 
acutely inflamed and which have, through neglect, become fixed at an 
angle which wholly or {initially precludes function, may receive great 
benefit from continuously applied force. Such a condition arises in the 
course of true rheumatoid arthritis where one or both knees have 
become gradually more and more bent. In these circumstances the 
simple procedure of suspending the limb in such fashion that its weight 
tends to produce extension will sometimes cause considerable rectifica- 
tion where no persistence of treatment by massage, heat, etc., would 
have the least effect, though, combined with and following upon the 
extension, these measures help considerably. This extension method is 
of little avail, as well as being inadvisable, if there is danger of patho- 
logical dislocation of the tibia. With still lower activity of local disease 
and a lesser degree of deformity, plaster-of-Paris with wedges at the 
backs of the knees will permit of walking whilst the gradual reduction 
of deformity is proceeding. The plaster may be renewed at intervals 
under general anaesthesia which will obviate any muscular resistance. 
There are many devices for persistently applied force directed to over- 
coming fixed deformities of joints. Most of these, if they promise 
success, are preferable to and bafer than the intermittent passive move- 
ments attempted once or twice a day. They are all assisted by a daily 
application of other physical agents such as massage to the muscles 
and, if possible, heat to tlie joints themselves. 

One of the main and most obvious contra-indications to joint move- 
ments is the danger of displacing the bong fragments in the case of 
fracture. A.t the end of tlie last century the prolonged immobilisation, 
generally in plaster-of-Paris, of fracturesof long bones, with simultaneous 
fixation of the joints immediately proximal and distal to the fracture, 
was almost universal. This was gradually modified to allow of early 
mobilisation, especially where a joint was either affected by the trauma 
or actually included in the line of the fracture. During the past few 
years, very prolonged and complete immobilisation lias again become 
a vogue and whilst, in the hands of those who are daily handling 
fractures, the end-results are good, as carried out by those with limited 
fracture experience, who constitute the great majority, the permanent 
effects on function can be disastrous. It is still necessary therefore to 
consider the question of therapeutic joint movements in the case of 
fractures. The most important consideration is whether movement 
of a joint will cause displacement of the fragments. If there is 
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doubt regarding this, movement ought to be avoided. If such 
danger does not arise it is difficult to see what harm can result from 
even early joint movement and, on the other hand, much benefit un- 
doubtedly does accrue. Exactly the same argument applies to effleur- 
age : and. as soon as active contractions of muscles are safe, again 
quite early as a rule, these also, if very slight in extent, can do nothing 
but good. The aim must be restoration of function, and naturally the 
first essential to this is as complete anatomical restoration as possible. 
This having been attained and its maintenance ensured, measures 
which undoubtedly tend to minimise the risk of other sources of func- 
tional defect are called for. To prevent displacement of fragments, 
immobilisation is necessary, but not for the very prolonged periods 
which have recently become customary. 

The late results of trauma to and disease of joints cad, as a rule, for 
more drastic measures of movement. Again, pain is to be avoided ; 
painful manipulations are very seldom efficacious. After heat and 
massage. howe\er. a greater range can often be attained by patient 
stretching than was possible immediately before the treatment, and 
tills is a procedure which ought always to be followed and which will 
almost invariably result in either complete recover}' of range or at least 
in great improvement, heat being especially useful in the relief of pain. 

One of the most difficult matters of diagnosis is to distinguish 
between stiffness due to pain and that which is caused by organic 
change such as adhesions ; it is also one of the first importance, the 
treatment being entirely different in the two conditions — the former is 
much more likely to be overcome by heat and rest, whereas the latter 
calls for mobilisation. Occasionally, resort must be had to movement 
during anaesthesia — either local or general, or a combination of both. No 
fixed rules can be made as to the necessity for this and it is often a 
legitimate procedure even if undertaken tentatively, ft is much more 
likely to succeed in large than in smaller joints ; in single joints such 
as the shoulder than in the complicated wrist joint ; after an injury 
uncomplicated by fracture than in stiffness following either a fracture 
or resulting from infection, where the joint capsule is probably 
thickened and after a course of massage and radiant heat than in a 
joint unprepared by these measures. As an example of a most hopeful 
set of circumstances for manipnlation under anesthetic one would cite 
a shoulder which has been injured a few months previously, in which 
there has been no fracture, and where treatment by heat and massage 
has failed to bring about lull recovery of range. On the other hand, 
this treatment even of stiff finger joints will at times result in much 
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increased ease in spite of the absence of any obvious increase in range. 
It is now generally recognised that, in order to secure the recovery of 
joint function, active (voluntary) movements are far superior to pas- 
sive ; they arc also probably safer, being inhibited by pain which is 
often a danger signal. This applies with special force to purposeful 
movements, and most fruitful of all is actual use of the affected limb 
at the ordinary occupation of the individual, if this occupation entails 
extensive range of movement of the joint. Into the actual technique 
of joint manipulation, with or without anaesthesia, it would here be 
impossible to enter. 

MEDICAL ELECTRO LOGY 

A very short resume of a few relevant facts in physics and biophysics will be 
necessary to the understanding of the place in medicine occupied by electrical 
currents and radiations. 

The electronic view of atomic structure is of an association of positive and 
negative charges of electricity — protons and electrons. There is a nucleus com- 
posed of protons, or of protons and electrons, with *’ orbital ” electrons moving in 
orbits at varying, but for individual electrons at fixed, distances from the nucleus. 
(This conception of atomic structure is being almost daily modified.) The term 
“ ion ” is given to an electrically unsatisfied particle or atom which has lost one or 
more electronic charges. Certain compounds (electrolytes) which, in the absence 
of water, are electrically neutral (the component ions having electrically satisfied 
or neutralised each other), in the presence of water exist partly in ionic form. To 
this phenomenon is given the name ionisation. Thus, sodium chloride in presence 
of water exists partly as the neutral compound but partly as temporarily 
unsaturated ion3 of sodium and chlorine, individual ions constantly dissociating 
and recombining. *The “ passage ” of a current of electricity through a solution 
of an electrolyte leads to a determination of negatively charged ions towards the 
positive electrode, and vice versa. 

Tissue electrolytes such as sodium chloride behave similarly, existing 
both in an ionised and m an un-ionised state, and ate similarly affected by 
electrical currents. This phenomenon forms the basis of all the effects of 
low tension currents upon animal tissue. A modification of this is the intro- 
duction of extrinsic ions into tissues where an external electrolyte in solution 
is in contact with part of the body and forms, with this, part of the same electric 
circuit. A movement of ions in both directions takes place across the area of 
contact so long as the current is in existence. Introduction of extrinsic ions into 
tissues — ionic medication — now forms only a small part of therapy. It is probable 
that this takes place, to any therapeutic degree, only at surfaces uncovered by 
skin, such as mucous membranes, and only to a depth of a few millimetres. An 
example is the introduction of zinc ions into the wall of an infected sinus, into the 
nasal mucosa, etc. Almost all the biophysical phenomena associated with low ten- 
sion currents are due to movements of tissue ions — ionic displacement — consisting 
of a steady or sudden trend of differently charged ions in opposite directions. As 
very little is known about the explanation of the resulting physiological effects, 
the greater part of the therapy of unvarying direct currents is empirical 
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doubt regarding this, movement ought to be avoided. If such 
danger does not arise it is difficult to see what harm can result from 
even early joint movement and, on the other hand, much benefit un- 
doubtedly does accrue. Exactly the same argument applies to cffieur- 
aae * and, as soon as active contractions of muscles are safe, again 
quite early as a rule, these also, if very slight in extent, can do nothing 
but good. The aim must be restoration of function, and naturally the 
first essential to this is as complete anatomical restoration as possible. 
This having been attained and its maintenance ensured, measures 
wharb undoubtedly tend to minimise the risk of other sources of func- 
tional defect are called for. To prevent displacement of fragments, 
immobilisation is necessary, but not for the very prolonged periods 
which have recently become customary. 

The late results of trauma to and disease of joints call, as a rule, for 
more drastic measures of movement. Again, pain is to be avoided ; 
painful manipulations are very seldom efficacious. After heat and 
massage, however, a greater range can often be attained by patient 
stretching than was possible immediately before the treatment, and 
this is a procedure which ought always to be followed and which will 
almost invariably result in either complete recovery of range or at least 
in great improvement, heat being especially useful in the relief of pain. 

One of the most difficult matters of diagnosis is to distinguish 
between stiffness due to p3in and that which is caused by organic 
change such as adhesions ; it is also one of the first importance, the 
treatment being entirely different In the two conditions— the former is 
much more likely to be overcome by heat and rest, whereas the latter 
calls for mobilisation. Occasionally, resort must be had to movement 
during anresthesia — either local or general, or a combination of both. No 
fixed rules can be made as to the necessity for this and it is often a 
legitimate procedure even if undertaken tentatively. It is much more 
likely to succeed in large than in smaller joints ; in single joints such 
as the shoulder than in the complicated wrist joint ; after an injury 
uncomplicated by fracture than in stiffness following either a fracture 
or resulting from infection, where the joint capsule is probably 
thickened ; and after a course of massage and radiant heat than in a 
joint unprepared by these measures. As an example of a most hopeful 
set of circumstances for manipulation under anesthetic one would cite 
a shoulder which has been injured a few months previously, in which 
there has been no fracture, and where treatment by heat and massage 
has faded to bring about full recovery of range. On the other hand, 
this treatment even of stiff finger joints will at times result in much 
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increased ease in spite of the absence of any obvious increase in range. 
It is now generally recognised that, in order to secure the recovery of 
joint function, active (voluntary) movements are far superior to pas- 
sive ; they are also probably safer, being inhibited by pain which is 
often a danger signal. This applies with special force to purposeful 
movements, and most fruitful of all is actual use of the affected limb 
at the ordinary occupation of the individual, if this occupation entails 
extensive range of movement of the joint. Into the actual technique 
of joint manipulation, with or without anaesthesia, it would here be 
impossible to enter. 

MEDICAL ELECTROLOOY 

A very short resume of a few relevant facts in physics and biophysics will be 
necessary to the understanding of the place in medicine occupied by electrical 
currents and radiations. 

The electronic view of atomic structure is of an association of positive and 
negative charges of electricity — protons and electrons. There is a nucleus com- 
posed of protons, or of protons and electrons, with “ orbital ” electrons moving in 
orbits at varying, but for individual electrons at fixed, distances from the nucleus. 
{This conception of atomic structure is being almost daily modified.) The term 
“ ion ” is given to an electrically unsatisfied particle or atom which has lost one or 
more electronic charges. Certain compounds (electrolytes) which, in the absence 
of water, are electrically neutral (the component ions having electrically satisfied 
or neutralised each other), in the presence of water exist partly in ionic form. To 
this phenomenon is given the name ionisation. Thus, sodium chloride in presence 
of water exists partly as the neutral compouud but partly as temporarily 
unsaturated ions of sodium and chlorine, individual ions constantly dissociating 
and recombining. *Thc “ passage ” of a current of electricity through a solution 
of an electrolyte leads to a determination of negatively charged ions towards the 
posithc electrode, and vice versa. 

Tissue electrolytes such as sodium chloride behave sinularly, existing 
both in an ionised and in an ua- ionised state, and are similarly a See ted by 
electrical currents. This phenomenon forms the basis of all the effects of 
low tension currents upon animal tissue. A modification of this is the intro- 
duction of extrinsic ions into tissues where an external electrolj’te in solution 
is in contact with part of the body and forms, with this, part of the same electric 
circuit. A movement of ions in both directions takes place across the area of 
contact so long as the current is in existence. Introduction of extrinsic ions into 
tissues — ionic medication— now forms only a small part of therapy. It is probable 
that this takes place, to any therapeutic degree, only at surfaces uncovered by 
skin, such as mucous membranes, and only to a depth of a few millimetres. An 
example is the introduction of zinc ions into the wall of an infected sinus, into the 
nasal mucosa, etc. Almost all the biophysical phenomena associated with low ten- 
sion currents are due to mov ements of tissue ions — ionic displacement — consisting 
of a steady or sudden trend of differently charged ions in opposite directions. As 
very little is known about the explanation of the resulting physiological effects, 
the greater part of the therapy of unvarying direct currents is empirical. 
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Suggestions of ionic bombardment are not helpful. That a steady direct 
(•• constant,” “galvanic”) current has remedial effects is undoubted and, in 
conjunction with other physical agents, it is sometimes useful in the treatment of 
localised fibrositis, painful brachial neuritis {in small doses), traumatic effusion of 
a joint, etc. It is probable that part of this therapeutic effect is due to a skin 
stimulation and acts by counter-irritation. 

JICSCLE STIMULATION' 

Where the current strength is not unvarying, another physiological 
phenomenon occurs, namely, stimulation of muscular contraction. This, 
however, is also ultimately due to ionic displacement. Whenever a direct 
(constant) current is originated, having either healthy motor neurones or healthy 
muscle as part of its circuit, a contraction of muscle-fibres is aroused, followed 
at once by a relaxation, provided that the ultimate intensity of the current is 
adequate and that the rise of current to this intensity is sufficiently rapid. During 
the maintenance of the current at constant intensity the muscle tissue is in 
relaxation, hut another contraction occurs if the circuit is either broken or falls 
considerably in strength and with sufficient rapidity. This phenomenon again is 
due to the accumulation of certain tissue ions acting as a stimulus to nerve and 
muscle function. The contraction process in these circumstances is a momentary 
phenomenon 1“ brisk contraction”), and the subsidence of the contraction is almost 
equally rapid (“ brisk relaxation *’). Repeated makes and breaks cause repeated 
contractions and relaxations, until these follow one another so rapidly that first 
partial and finally complete fusion occurs, producing a prolonged contraction or 
“tetanus.” This occurs when the stimuli succeed one another as rapidly as 30 per 
second. Reversals of current (“ alternating currents ”) act similarly to makes and 
breaks. These two phenomena, i.e. brisk contraction and relaxation in response 
to make or break of a constant current, and tetanus in response to very rapidly 
made and broken or alternating current, constitute the essentials of normal 
electrical responses. 

REACTION OF DEGENERATION 

Where " voluntary ” muscle is not supplied by functioning motor neurones, 
as after division and degeneration of these, the muscle will still respond by 
contracting when stimulated directly by a make or a bicak of a direct cuirent. 
In this case, however, the contraction is appreciably prolonged whilst the 
relaxation is visibly even more prolonged— slow and prolonged contraction 
and relaxation. It is not infrequently obvious that the muscle-fibres do not 
contract simultaneously (worm-like response). If to such a muscle is applied 
a stimulus consisting of rapidly made and broken or alternating current, of the 
order of rapidity of a faradic current, no contraction occurs. Finally, if a single 
wave of such rapidly alternating stimulus (a single shock induction) be applied 
to the muscle, this also will he ineffective. To such a syndrome, namely, absence 
of response to faradic stimulation with sluggish and worm-like contraction oa 
stimulating with makeor break of a direct current, is given the name “reaction of 
degeneration.” In its full development it is found only in association with degenera- 
tion of peripheral motor neurones, and any form of stimulus applied directly to 
the motor nerv c is also ineffective. On the other hand, a muscle, together with the 
peripheral part of its divided nerve, retains normal reactions for several days after 
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the division lias occurred, and only after from ten to fourteen days is the full 
reaction of degeneration established, in other words, after sufficiently profound 
degeneration of tho neurones lias taken place. (It is moreover certain that somo 
change in the muscle-fibre itself is necessary because a curarised muscle will con- 
tract if stimulated by the faradic current.) 

The explanation of these phenomena is that degenerated muscle fibre can bo 
electrically stimulated by nukes and breaks (or reversals) only where tho current 
changes are comparatively slow (for example, nuke and break of direct current) 
whilst healthy nerve fibre can bo excited to activity, not only by such stimuli but 
also by stimuli whoso current change is as rapid as those in a faradic coil. Normally 
a muscle is stimulated through its motor nerve whether tho electrical stimulus is 
applied to the nerve at borne distance from the muscle or directly to the latter, 
whereas, with degenerated and therefore non-functioning peripheral nerve, the 
muscle-fibre must be stimulated directly. This explains also the slow nature of 
the direct current response where there is degenerated nerve, because whereas with 
nerve excitation the stimulus is conveyed simultaneously to all the muscle-fibres, 
causiug a simultaneous contraction of these, in tho degenerated condition the 
separate muscle-fibres do not receive tho stimulus simultaneously and therefore 
contract at different times. This results in a much more sustained contraction of 
tho whole muscle. Finally, the above biophysical deduction accounts for a pheno- 
menon which is part of the reaction of degeneration and is known as “ longitudinal 
response. In healthy muscle there is a point of greatest stimulability, the motor 
point ; with degeneration of tho nerve, the contraction with minimal current 
response. In healthy muscle thcro is a point of greatest stimulability, the motor 
point ; with degeneration of the nerve, the contraction with minimal current 
strength is obtained when the whole length of the muscle is included in the path 
of tho current, thus ensuring a direct stimulation of tho greatest number of 
muscle-fibres. 

There still remains to be explained this difference in behaviour towards 
electrical stimulation on the part of muscle fibre and nerve fibre respectively. 
Curves illustrative of this difference can be plotted for muscle with healthy nerve 
(“ nerve ” curve), for muscle with degenerated nerve (“ muscle ” curve), and for 
muscle with partially recovered nerve. The one fact of clinical interest which 
appears is that, whereas the two former curves are of totally different character, 
the last, instead ofbeing a modification of both of these, shows two distinct curves 
— viz. that of degeneration and that of normality. Thus, even the most advanced 
electrical examination elicits evidence, not of gradual stages of recovery of a single 
tissue (nerve), but of two stimulablc tissues, muscle and recovered nerve — i.c. 
of complete degeneration and of complete recovery 

The outstanding difference between these two types of stimuli is the duration 
in time of the current at maximum intensity The duration of the direct current, 
as this is ordinarily made and broken, is of the order of a large fraction of a second, 
perhaps £ to J-, whereas that of a single element of, say, a faradic current is of the 
order of 7, '5 of a second or less. Actually, the electrical stimulability of nerve or 
muscle fibre is a function of both intensity of stimulus and duration in time oi the 
current, and the term “ chronaxie ” is used to express this characteristic of these 
two issues. 

Clinically, electrical diagnosis is of great value but has its limitations. As 
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already stated, it applies solely to conditions of organic lower motor neurone 
affection. It has no relevance to affections of any other part of the nervous system 
nor is it, except in a negative sense, of help in myopathies ; although a reaction 
has been described which is said to be diagnostic of myasthenia gravis, the exist- 
ence of this reaction is very doubtful. 

The reaction of degeneration, as already described, refers to muscle which is 
entirely unsuppbed with functioning motor nerve fibres. It gives full information 
merely of the severity of the physiological disturbance. Thus, with wounds, 
complete reaction of degeneration does not necessarily indicate anatomical, but 
merely complete physiological division. Further than such assistance as this 
information affords, reaction of degeneration has no other prognostic significance 
except that reactions alter for better or for worse and that therefore comparison 
of findings at different periods aids in prognosis. In addition to normal reactions 
on the one hand and the reaction of degeneration on the other, many modifications 
of these are found — absence or varying diminution of farudic response with brisk- 
ness of direct current response ; or response to faradism with slowness of all 
degrees in response to the direct current. Reactions which fail in any of these 
ways to fulfil the description of the reaction of degeneration would indicate partial 
nerve lesion, and of especial significance is sluggishness of response to direct 
current stimulation. 

Complete unresponsivencss to any strength of electrical stimulus that can be 
administered during general anaesthesia is interpreted as indicating absence of 
contractile tissue, but before arriving at such conclusion many other facts must be 
considered. 

In addition to seventy of lesion, an electrical examination can often give 
information also as to the probable site of this. Thus, with injury to the nerve 
supply of an upper limb, in assessing the relative functioning powers of different 
muscles, electrical stimulation is more reliable than are attempts at eliciting 
voluntary contraction, and in this way it may afford valuable help in deciding 
whether the lesion is at the level of roots, trunks, cords, etc. Again, reactions may 
have a definite finality in diagnosis, as, for example, in flaccid hysterical paralysis 
where reactions arc, of course, normal. Indeed, no investigation of a lower moto 
neurone lesion is complete without a detailed analysis of the electrical responses. 

tOW TENSION CCRBENTS 

The therapy of interru^ed low tension currents is largely complementary to 
massage and is applicable to conditions where it is desirable to induce muscular 
contraction by artificial means. These ought to form part of the treatment of 
lower motor neurone paralysis, of wasting of muscle secondary to joint affection, 
and in the prevention of wasting where an acute synovitis involves functional 
rest of a pint, as, for example, when applied to the quadriceps in the treatment of 
a traumatic synovitis of the knee. Indeed, in conditions of the latter kind it would 
sometimes appear that rhythmically and slowly repeated muscle contractions 
influence absorption of the synovial exudate. Where subcutaneous and intra- 
muscular infiltration exists as a sequel of cellulitis or neglect of soft tissues in 
treating fractures, stimulation of muscular contraction can be a most efficient aid 
m reducing this. Electrical stimulation of muscle will also frequently help in the 
treatment of localised fibrositis or fibro-myositis and, applied to muscles which 
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overlie joints affected by capsulitis or bursitis, it is a valuable addition to other 
forms of treatment. It will be observed tliatinall these conditions there is a common 
factor, namely, a defect in local circulation, and it is probable that, in affording a 
circulatory stimulus, artificial muscular contraction has its main if not its sole 
metabolic rationale. In addition, the current acts on the skin in a manner similar 
to that of a counter-irritant. 

The other method of employing low tension currents, namely, in their uninter- 
rupted form, is still very largely empirical and, as is the case with most physical 
agents, they ought almost always to form a part of a prescription rather than be 
u*ed by themselves. As has been stated, the direct current can be utilised in 
introducing external ions into the tissues. Through uninjured skin the introduction 
of extrinsic ions has been almost, if not entirely, abandoned. Into a surface, 
however, which is not covered with cuticle, such as an ulcer, an infected sinus wall, 
a corneal surface, or the mucosa of the uterine cervix or body, it is possible to intro- 
duce ions to a therapeutic depth. As this procedure is mainly used in local 
infection, the ion introduced is that of zinc. The passage ofa ducct current through 
tissues has the other effect of creating an ordered movement of tissue ions and it 
is probably in this way that the direct current acts upon a synovial effusion or 
an acute traumatic exudate around a joint ; passed along a limb it has an effect 
upon the pain of perineuritis, e.g. of the sciatic nerve or affecting the brachial 
plexus ; and, in conjunction with other means, it is very definitely useful m the 
treatment of fibroaitis, where, for example, its application can be concentrated on a 
small area such as an external humeral condyle in “ tennis elbow.” 

Where an electric current exists in a conductor there is always a conversion 
of electrical energy into that of heat. This conversion conforms to Jules’ Law, 
and the amount of heat generated rises with the increase of two factors, intensity 
of current and its duration in time. In the body, much of this heat is dissipated 
almost as soon as it is generated, largely by the circulation, and unless its genera- 
tion is more rapid than its dissipation the temperature of the tissues is, of course, 
not raised. As rise of temperature is in accordance with the amount of heat 
developed per unit of time, it follows that the rise of temperature is dependent 
solely upon the intensity of current. “ Low tension ” currents are limited to a 
comparatively small intensity because of the amount of ionic displacement giving 
rise to pain from stimulation of the sensory nerves or even to coagulation of tissues. 
The amount of heat developed is independent of ionic displacement ; in unit time 
it vanes merely as the strength of the current. 

mail FREQUENCY CURRENTS 

High frequency currents can rise to comparatively great intensities without 
massive transference of ions, probably because the current does not persist in one 
direction sufficiently long to allow of considerable ionic transference before its 
reversal occurs, ionic movement being comparatively slow. D’Arsonval first 
employed this modification of electrical currents in medicine, and an intensity of 
300 milbamperes was a considerable increase upon the 50 milliamperes obtainable 
through the same size of electrodes by low tension current treatment. Twenty-five 
years ago, owing to certain modifications of plant, a strength of 2 or 3 amperes or 
more became attainable by means of the diathermy apparatus, and resulted in a 
more rapid generation of heat and consequently in the attainment of higher 
v ol. nr. — 3 l* 
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temperatures in deeply placed tissues. Almost ever since, diathermy has Wen the 
physical agent by means of which the highest temperatures have been attainable 
in deep tissues and its therapy lias been concerned with this aim. Its indications 
have been such conditions as call for a local rise in temperature, all of which 
conditions hate already been mentioned either specifically or more generally. 

One set of disease states for which diathermy has been recommended as being 
almost a ‘ specific ” is chronic infection of the intra-pelvic genitalia, the uterus 
and appendages in women, and the prolate in men. Intra-pelvic diathermy is 
recommendf d for such joint diseases as rheumatoid arthritis, even in those in w hom 
there is no obvious pelvic infection. Technical details arc not relevant here ; 
otffa p it to -av that the claims made for this particular application of diathermy 
ha\e not been, at any rate generally, substantiated. 

In surgery, diathermy is employed as a means of coagulating tissue by the local 
generation of heat— either coagulation en waste, as of a growth, or “ line ” coagula- 
tion in front of an advancing blade. This differs from division with a sharp scalpel 
m that the divided ends of small blood-sessels and lymphatics are coagulated in 
the process of division, thus eliminating a great deal of h&moniiage and some at 
least of the danger of extension of a growth. 

SHORT- OR ULTRA-SHORT-WAVE THERAPY 

One of the outstanding technical physical defects of even the most 
modem spark-gap apparatus lies in the fact that, as the alternating 
current is generated intermittently, any given period of time is largely 
unoccupied by passage of the current, as large a proportion as of the 
whole time during which the current is applied being thus unfilled. 
This technical difficulty in connection with deep heat generation has 
been overcome by the application of the thermionic valve to medical 
purposes, a procedure which is generally known as Short- or Ultra- 
Short-Wave Therapy. 

Hitherto, the means of applying heat therapy have been limited to 
either the surface application of heat emanating from a hot body or to 
its generation in the tissues themselves by making use of the physical 
phenomenon whereby the “ passage M of an electric current through a 
conducting medium is responsible for the generation of heat in that 
medium. The amount of heat so generated in a given time is directly 
proportional to the ohmic resistance of the medium where the current 
intensity is unvarying ; the rationale lias already been set out of the 
use of high frequency in the form of the diathermy current for the 
purpose of the generation of deep heat. 

In all these methods of exposing the body cither to the different 
types of electrical current or to radiation from the several parts of the 
electro-magnetic range, the skin is of necessity included in the parts 
affected by the treatment ; sometimes it is the sole tissue of direct 
incidence of the agent employed, as in ultra-violet irradiation and in 
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practically all forms of direct heat application ; in others, as in dia 
thermy, it receives the major part of the current effect. Even X-rays 
and radium damage superficial tissues. Short-wave therapy offers a 
hope that the deep tissues may be affected by an .agent which produces 
comparatively little effect upon the skin. Of recent introduction into 
medicine, the form of treatment to which this somewhat misleading 
name has been given has enjoyed a considerable vogue abroad. Its 
name is misleading because emanations of very much shorter wave- 
length are already in therapeutic use. Its wave-length range is, how- 
ever, much shorter than tlu* wave-lcugtlis of the rest of the group to 
which it belongs (see diagram, page 53G3). 

The following is a brief and elementary account of the biophysical 
properties of this so-eallcd short- or ultra-short-wave form of energy. 
In so far ns this is known, its therapeutic application will also receive 
mention. 

Considered electrically , matter can be divided into conductors and non- 
conductors or insulators. There is no perfect conductor or perfect insulator, and 
in this respect the different kinds of matter imperceptibly merge into one another 
from the highly conducting to the almost perfect insulator. Two metal plates 
separated by some highly insulating material, such as air, and connected in scries 
with a source of electrical supply, constitute n condenser. In a condenser tho non- 
conductor is known as the “ dielectric.” If the source of supply is a direct one, at 
the instant of sudden exposure of tho plates to the source potential, although the 
circuit is not completed through conducting material, a momentary flow of current 
will be registered by a galvanometer, the current ceasing as soon as the condenser 
capacity is “ satisfied.” If the plates arc disconnected from the current source 
and put into direct communication with one another by means of a wire incorporat- 
ing a measuring instrument, a momentary current will be registered owing to 
discharge through the wire of the charge of electricity which had accumulated 
in the condenser unit. A condenser can therefore act as a store of electrical energy, 
the quantity stored being determined by the source voltage, the area of the plates, 
their distance apart, and a factor known as the “ dielectric constant.” This 
constant depends upon the nature of the material composing the dielectric. 
The dielectric is in a field of force, and the more highly insulating the material 
of which the dielectric is composed, the more closely can the plates be approximated 
and the greater therefore the capacity of the condenser unit, i e. the charge which 
can accumulate. No current can flow through the dielectric, and after the initial 
charging the electrical conditions of°the condenser remain theoretically static. 
If, on the other hand, the plates are connected with an alternating supply, the 
charges on the plates alter in polarity with each alternation, and the dielectric is in 
a field of force of alternating direction. In these circumstances some of the energy 
of the field undergoes conversion in the dielectric. The mechanism of this con- 
version is obscure, but it is possibly associated with vibrations of dielectric atoms 
and molecules under the influence of the alternating field One of its results is the 
generation of heat. Under these conditions, with condenser plates connected with 
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a source of alternating supply, the condenser continually absorbs a certain moiety 
of energy from the alternating main, this small amount undergoes conversion into 
heat and the temperature of the dielectric accordingly rises. The conversion is 
known as the “ dielectric loss." Technically, the lower the dielectric loss the higher 
the quality of the dielectric for alternating fields. Animat tissues do not constitute 
a “ good " dielectric and for this reason there is considerable generation of heat 
when these form part of the dielectric. 

In short-wave therapy that part of the body under treatment forms part of the 
dielectric of a condenser. The condenser plates correspond with electrodes but 
are separated from the tissues by considerable distances, and the intervening air 
forms a large proportion of the depth of the dielectric. The tissues therefore do 
not constitute part of an ordinary electric current circuit as in other forms of 
electro-therapy such as faradism, galvanism or diathermy ; they lie in a field of 
force which is generated by charged condenser plates. The physical properties 
of thU electric field are briefly these : when an alternating current " surges to and 
fro ” in a wire, energy in the form of magnetic waves or whorls is generated around 
the wire, travelling into space at the speed of light, 300,000 kilometres per second, 
and constituting what arc known as wireless waves. A current with an alternating 
frequency of 1,000,000 per second generates magnetic waves of this frequency, 
and as these are propagated through space at the aliove speed their wave-length 
from crest to crest U fSSoSZa kilometre, or 300 metres. In short-wave therapy 
the frequency is from 20 to 100 times greater than this and the wave-length 
varies therefore from 3 to 15 metres. The wave-length cannot at present be short- 
ened below this lower limit owing to the technical impossibility of generating high- 
frequency oscillations of sufficient energy with lower wave-lcngtlis. 

In the electro-magnetic range this "band” of radiation lias wave-lengths 
considerably shorter than those which arc commonly employed for transmission of 
messages (see diagram, page 5303). With a frequency of this order most dielectrics 
absorb a great part of the energy of the dielectric field and rise in temperature. 
This applies with special relevance to animal tissues and, when forming part of the 
dielectric, these show a considerable rise of temperature. 

In a homogeneous dielectric the energy conversion b uniformly distributed 
throughout the whole dielectric field. If the dielectric is not homogeneous, but 
consists of several layers with different dielectric constants, the conversion is 
not distributed evenly. Above a certain wave-length this effect is not very 
pronounced ; the lower the wave-length the greater is this effect of varying 
dielectric quality. A wave-length of longer than 20 metres is not thus affected 
and with such wave-length the different animal tissues would bo more or less 
evenly heated were it not for the factor of ohmic resistance. Below this order of 
wave-length, with tissues of different dielectric constants, the conversion is un- 
evenly distributed in the tissues, and the relative distribution throughout any set of 
tissues varies with the different wave-lengths. Thus, with one wave-length through 
a limb, bone may be most affected ; with another, skin, muscle, or subcutaneous 
tissues. Each tissue probably has its own optimum wave-length. If the dielectric 
constant were known of every individual tissue in association with each wave- 
length and the ohmic conductivity under different high-frequency conditions, 
it would be possible exactly to determine beforehand the site of maximum con- 
version. This information is available only with regard to some tissues but is 
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continually and steadily expanding, and present knowledge enables us to use 
scientific therapy. In contra- -distinct ion to these effects is the behaviour of dia- 
thermy currents — frequency 10** — which are very considerably reduced in intensity 
by tissues of high ohmic resistance. 

In a series of observed results of short-wave therapy the following 
conditions were very favourably affected after other forms of treat- 
ment had entirely failed : chronic coccal osteomyelitis, very old- 
standing and painful osteo-arthritis, cases of idiopathic sciatica of over 
one year’s duration, persistent copious discharge from a deep-seated 
iutra-peritoneal abscess (one case), pain as the result of intra-peritoneal 
adhesions, pain due to root irritation of spondylitis, and actinomycosis 
of the orbit (one case). One of the qualifications for inclusion in this 
series was a total failure to respond to other treatment. 

The possible therapeutic field however, for short-wave therapy is a 
much wider one than is indicated in this list, and more or less reliable 
information is forthcoming of its beneficial effects in a great variety of 
diseases. These arc said to include many deeply-seated and painful 
conditions of so-called rheumatic origin, and other infective and toxic 
states, such as gonococcal arthritis, empyema or pulmonary abscess, as 
well as asthma, pleurisy, angina pectoris, and certain diseases of the 
gall-bladder and kidneys. As yet, however, short-wave therapy is in 
its infancy, even in countries in which it has been accorded a much 
longer trial than it has in England. 

Considerable rise of general temperature can be produced by wave- 
lengths of the order of 13 metres under conditions of very high energy. 
Hyperpyrexia of 1 13° F. is possible, but whereas a general temperature 
of 107° F. is tolerable if not too prolonged, a rise to 110-3° F. or over 
is apparently fatal. This modification of ultra-short-wave therapy is 
recommended in the case of some very chronic diseases and as a sub- 
stitute for other hyperpyretic agents such as the use of malaria infection 
in general paralysis of the insane. 

There would therefore appear to be no doubt that ultra-short-wave 
radiations can raise the temperature of deeply-seated tissues. As 
already stated, it is probable that when sufficient knowledge exists with 
regard to the physical properties of tissues in relation to this agent, 
even a selective temperature effect will be at our disposal. Whether 
this agent has or has not specific effects beyond this, only experimenta- 
tion will discover. Schereschewsky pointed to certain frequencies 
apparently possessing a superior lethal effect on micro-organisms and 
suggested the possibility of this being due to cellular resonance. He 
therefore experimented with inoculated tumours, selecting wave- 
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lengths which might he supposed to produce electro-mechauical 
oscillations in the tumour cells. Exposure of mice with inoculated 
sarcoma to wave-lengths of 4-4 metres was followed by recovery of 100 
out of 400 animals, whereas all the 230 controls died — many of these, 
however, dying from bacterial infection. The possibility of heat effect 
is said to have been excluded. There are, however, strong reasons 
against the view that radiations belonging to this band of the electro- 
magnetic field have any specific effect beyond the production of heat. 

ULTRA-VIOLET IRRADIATION 

In addition to its protective function, the skin fulfils others of 
great importance. It is an organ of excretion and immunisation, 
changes in its circulation have congesting and decongestiug infl uence 
upon deeply-placed structures, whilst, as Barber points out, “ irradi- 
ation of the skin may owe some of its undoubted general effects to an 
indirect influence upon the endocrine autonomic system.” The 
extremely limited depth of penetration of ultra-violet radiations must 
not therefore be necessarily held to set a severe limit to the therapeutic 
value of these radiations. The situation in the electro-magnetic range 
of the therapeutic band to which the above name has been given is 
indicated in the accompanying diagram. 
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from the nucleus. The characters of the atom of copper, hydrogen, mercury, 
etc., are determined hy the numbers and arrangements of those charges, and tor 
each clement, not only the number but the exact orbital arrangement is cons 
The atom is electrically neutral when there is an equal number of P° slt ‘™ ““ 
negative charges ; if an electron is lost from its planetary sj stem ie a om 
a positively charged “ion”; the acquisition of a supe.numerayy planetory 
electron renders it a negatively charged “ion." Vibrations < “ 
originated as a result of changes in the atom ; whilst, on the other hand, vibrations, 
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on encountering an atom, may be themselves expended in the production of atomic 
change. More precisely, when a planetary electron moves nearer to the atomic 
“ sun ” or nucleus, or a supernumerary electron is acquired from space, an ether 
vibration is emitted ; when a vibration encountering an atom is stopped (fails to 
penetrate further) the vibration energy is “ absorbed ” and one or more planetary 
electrons are displaced to a peripheral orbit or to space. 

Ether vibrations must be of very small wave-length if they are to bring about 
these atomic changes. Whereas vibrations of 0-7 5/i and ov er mil cause the atomic 
system as a whole to vibrate and thus give rise to heat energy, ultra-violet 
vibrations produced by centripetal movements of outer planetary electrons, 
when absorbed, will cause boundary electrons to move ccntrifugally or even 
into space. When vibrations of this order of wave-length (U.V.R.) encounter 
matter they ma y produce some or all of the following effects : (1) Electrons arc 
divorced from the atom into space ; emission of electrons from metallic surfaces 
irith production of radiation from these — photo-eJcctric ionisation. (2) The move* 
ment of electrons may be to outer orbits only ; here they become unstable and so 
assume positions of greater potential energy, tending to revert towards the nucleus. 
If this centripetal fall occurs during irradiation, the phenomenon of “ fluorescence” 
is produced ; if after cessation of the irradiation, “ phosphorescence ” results. 
(3) There is, finally, the effect on complex molecules such as those which constitute 
living tissues. Molecular constitution is that of two or more atomic systems in 
which the various atoms, individually unsatisfied, are linked together by their 
peripheral electrons, the result being an electrically neutral arrangement. The 
effect on a complex molecule of radiations whose wave-lengths are of the order 
under discussion is a divorcement of boundary electrons into space, the complex 
molecule breaking up into smaller ones or even iuto its constituent atoms. 

The main source of ultra-violet radiation i3 the sun. Much of the ultra-violet 
rays from this source are absorbed by pollution and moisture surrounding the 
earths surface, and artificial sources become ntccssarv*. Onlv one, the electric 
arc, develops a temperature high enough to supply’ ultra-violet radiation in 
therapeutic intensity, and this is employed in two forms— the arc between 
carbons and the are in mercury vapour. In the former the temperature of the 
negative carbon n=cs to a degree at which electrons are emitted at high velocity, 
encounter atoms of carbon, oxygen, hydrogen and nitrogen in the arc, and produce 
centrifugal electronic movements in the*. Other, peripheral, electrons undergo 
a centripetal “ fall ” to take the place of the former and this results in emanation 
of energy of various wave-lengths. For each fall there is one w a ve- length and one 
wave-length only, resulting m characteristic “spectra.” 

Ultra-violet energy can be used for either its general or its local 
effects. In general exposure, although as yet its use is based almost 
entirely on cbmeal experience, it is interesting to attempt to assess the 
depth to winch the rays penetrate the skin before absorption, and 
opinions van- widely on this point. Leonard Hill very definitely states 
that any effective intensity of wave-letigtli shorter than 3000 A is 
stopped at a depth of 0-3 mm., whilst Bachem and Kune found that, of 
radiations with wave-lengths below 2S00 A, only 2-3 per cent pene- 
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trated skin tissue of a thickness of 0-1 ram. Under climatic conditions 
which permit of therapeutic intensities of solar ultra-violet radiation 
reaching the earth’s surface, certain kinds of glass, in thickness suit- 
able for windows, will transnut radiation of sufficient intensity for 
therapeutic purposes. 

In therapeutic dosage, the only obvious effect on the skin is an 
erythema which begins about six hours after exposure and represents a 
mild inflammatory response to an “ insult.” Leonard Hill and Eidinow 
have obtained results even with doses which are too small to produce 
erythema. The only irrefutable effect in disease is that observed in 
rickets ; and indeed this effect is used as a test of the biologically active 
rays in given sources. Exposure of foodstuffs to ultra-violet radiation 
will generate anti-rachitic properties in these. This is brought about 
through the elaboration of vitamin D. Associated with its anti- 
rachitic properties is the influence on calcium metabolism. The mechan- 
ism of the part taken by vitamin D. in calcium metabolism is obscure 
but probably lies in increased calcium absorption from the intestines. 
The other disease group which is almost certainly influenced by ultra- 
violet irradiation of the general skin is “ surgical ” tuberculosis, though 
proof of this is not so compelling as in the case of rickets. Of its effect 
in increasing the Jiamo-baclericidal capacity of the tissues there is still 
less certainty, though here again there is ample clinical evidence 
pointing to increase in resistance as a result of general irradiation. 
These rays have undoubtedly direct bactericidal effects if the exposed 
organisms are entirely unshielded. Finally, much controversy has 
ranged around the question of their possible tonic action and of their 
prophylactic power to increase immunity. In the latter respect, 
clinical experiments on “ colds ” are enrindy conflicting ; whilst i rith 
regard to a possible tonic action, so long as there exists no adequate 
means of assessing relative degrees of fitness, opinion must be based 
upon evidence such as the statements of patients— factors so intangible 
as to be scientifically valueless. 
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CHAPTER I 


Nature and Properties op X-rays 

WllUE it is not proposed to deal with the technique of X-r<iy therapy in this article, 
it is considered that some knowledge of the general principles governing X-ray 
treatment should bo possessed by the medical man who may have charge of a 
patient undergoing this form of therapy. An attempt will therefore be made to 
describe in simple, noa-tcclmical language the properties and mode of production 
of X-rays, and their application in the treatment of disease. 

X-rays consist of invisible electro-magnetic vibrations of exactly the same 
nature as visible light, though differing from it in wave-length. There is a wide 
spectrum of such electro-magnetic vibrations, ranging from the wireless waves at 
one end, with wave-lengths which may be reckoned in kilometres, to the gamma 
raysofradiumat the opposite end, with wave-Icugths estimated in ten-millionths o 
a millimetre Isee fig. 2020). X-rays, in common with gamma rays, travel in straight 
lines. As produced from the X-ray tube, they originate at what may be regarded 
as a point-source, from which they travel as an ever-widening bundle or cone. 
It will thus be readily understood that the further the rays have travelled from 
their point ot origin in the X-ray tube, the greater will be the cross-sect, on of the 
cone. Incidentally, since the rays originate, for practical purposes, at a point- 
source, the dose delivered at various distances from that point will follow the law 
of inverse squares. X-rays, in so far as their clinical Use is concerned, can neither 
be reflected nor refracted ; that is to say, the rays comprising a single beam cannot 
be bent so as to focus on a given 1 ision. In this respect they differ from light in 
their behaviour, and where concentration of radiation on a giv en point is require , 
it is effected by directing several beams on to the required point from different 


X-rays have the property of penetrating solid matter, although they become 
partially or completely absorbed in the process. The degree to w c a S^en 
beam will penetrate matter depends upon two factors firstly, t e ensi y o 

material, and secondly, the penetrating power or quality o t e earn 1 se • 

A very penetrating ray is known as a “ hard ray,” while a ray which is not very 
penetrating, and is accordingly easily absorbed, is termed a soft ray. 

Mode of Production. . , • . „r 

X-rays are produced whenever electrons, or unit nega ive 
electricity, which have been accelerated to a sufficient speed, are 
in their path. In the X-ray tube the acceleration of the particles is ^ed b, 
the application of very high voltages. The electrons. or negate 
produced at the negative or cathode end of the tube, whtle opposit, 1 ' ‘ be 
is placed the positive terminal. When a high voltage is app » depend 
electrons are drawn towards the positive terminal, at a speed whr P 

upon the voltage. Associated with the positive terminal is a solid block of tough 
5369 
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CHAPTER I 

Nature axd Properties op X-rays 

WlillE it is not proposed to deal with the technique of X-ray therapy in this article, 
it is considered that some knowledge of the general principles governing X-ray 
treatment should be possessed by the medical man who may have charge of a 
patient undergoing this form of therapy. An attempt will therefore) be made to 
describe in simple, non-tccbnical Language the properties and mode of production 
of X-rays, and their application in the treatment of disease. 

X-rays consist of invisible clectro-magnctic vibrations of exactly the same 
nature as visible light, though differing from it in wave-length. There is a wide 
spectrum of such electro-magnetic vibrations, ranging from the w irclcss waves at 
one end, with wave-lengths which may be reckoned in kilometres, to the gamma 
rays of radium at the opposite end, with wave-lengths estimated in ten-millionths of 
a millimetre (see fig. 2920). X-rays, in common with gamma rays, travel in straight 
lines. As produced from the X-ray tube, they originate at what may be regarded 
as a point-source, from winch they travel as an ever-widening bundle or cone. 
It will thu3 be readily understood that the further the rays have travelled from 
their point ot origin in the X-ray tube, the greater will be the cross-section of the 
cone. Incidentally, since the rays originate, for practical purposes, at a point- 
source, the dose delivered at various distances from tliat point will follow the Law 
of inverse squares. X-rays, in so far as their clinical use is concerned, can ueither 
be reflected nor refracted ; that is to say, the rays comprising a single beam cannot 
be bent so as to focus on a given lision. In this respect they differ from light in 
their behaviour, and where concentration of radiation on a given point is required, 
it is effected by directing several beams on to the required point from different 
aspects. 

X-rays have the property of penetrating solid matter, although they become 
partially or completely absorbed in the process. The degree to which a given 
beam will penetrate matter depends upon two factors— firstly, the density of the 
material, and secondly, the penetrating power or “ quality ” of the beam itself. 
A very penetrating ray is known as a “ hard ray,” while a ray which is not very 
penetrating, and is accordingly easily absorbed, is termed a “ soft ray.” 

Mode of Production . 

X-rays are produced whenever electrons, or unit negative particles of 
electricity, which have been accelerated to a sufficient speed, are suddenly arrested 
in their path. In the X-ray tube the acceleration of the particles is effected by 
the application of very high voltages. The electrons, or negative particles, are 
produced at the negative or cathode end of the tube, while opposite the cathode 
is placed the positive terminal. When a high voltage is applied, the negative 
electrons are drawn towards the positive terminal, at a speed which will depend 
upon the voltage. Associated with the positive terminal is a solid block of tough 
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electrons themselves arc provided at the cathode by including in the latter a spiral 
of wire, which can be electrically heated to any required temperature by some 
external means, such as a battery or a transformer. It is found that when metals 
are made to glow, elections are given off in a quantity which is dependent upon the 



temperature to which the metal ha. been raised. This furnishes a means of control 
of the current passing ro the X-ray tube, by varying the temperature of the spiraL 
It is found that the higher the voltage applied to the X-ray tube, the more 
penetratmg a the bundle of ray. emitted, dime exact analysis of the beam, 
however, shorn that, no matter how high the voltage, there is always an admixture 
of less penetratmg, and even of , ery soft, ray, present. These, a. we .hall see, 
can be removed or filtered off to a considerable extent, thereby greatly increasing 
the pmretratmg power of the residual beam. Voltage, used fi, X ' therapy 
vary from about -10,000 for superficial therapy to 400,000, or even higher, for 
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deep therapy. Very few machines exist at the present time, however, for voltages 
much higher than -00,000, at which voltage deep therapy is mostJy carried out. 

Filtration. 

This is the process of separation of the softer, or less penetrating, components, 
as just explained. The beam is passed through a layer of metal, the thickness 
of which is so adjusted that it will absorb the less penetrating components, while 
allowing the more penetrating ones to pass through. For voltages up to 150,000, 
aluminium is generally used, the filter varying in thickness from one or two 
millimetres for 40,000 volts, up to five millimetres for 150,000. With voltages 
above 150,000, copper is the commonest filter, and for a beam produced at 180,000, 
a thickness of 0-5 millimetres of this metal is a suitable filter ; while for a beam 
produced at 200,000, a thickness of about one millimetre of copper is necessary. 

It may he of interest to indicate the order of efficiency of penetration of the 
more penetrating beams produced at, say, 200,000 volts, and suitably filtered. 
The efficiency varies somewhat with certain technical factors ; but it may be 
said that, from a single beam of X-rays, the dose obtained at a point ten centi- 
metres deep in the body is anything from one-quarter to one-half of that applied 
to the surface. Thus, in the irradiation of a carcinoma of the cervix uteri, under 
the best possible conditions, nearly one-half of the dose applied to each surface 
area or “ field ” will reach the cervix. 

X-ray Protection. 

It has been already indicated that the capacity of a material to absorb or stop 
X-rays is determined by its density. For this reason, lead, which is the densest 
substance in common use, is used to protect against X-rays, and fortunately it is 
capable of being worked with ease in thin layers. A layer of lead three or four 
millimetres thick is sufficient for practical purposes to protect completely against 
X-rays produced at 200,000 volts. It should be realised, however, that other 
substances of high density servo equally well, provided that a sufficiently thick 
layer is employed. 

THE APPLICATION OP X-RAYS TO THE PATIENT 

For the purposes of applying X-rays in treatment, there are two main 
requirements : 

(1) The size and shape of the beam must be capable of perfect control, so that 
it can be adapted to the irradiation of any required area of the patient. 

(2) The X-ray tube must be mounted on some form of carrying device so 
that the beam may be inclined with exactitude in any required direction. 

For the purposes of the first requirement, namely, the control of the size and 
shape of the beam, two methods are commonly in use : (a) In the first method, an 
applicator is fitted to the X-ray tube, which takes the form of a box through which 
the beam must pass. The sides of the box are lead-lined, while the upper end, which 
*s presented to the X-ray tube, is open. The bottom end, which comes in contact 
with the sldn of the patient, is closed by a layer of wood, so thin as to have no 
appreciable eflect on the beam. The closed end of the applicator bears the some- 
what contradictory term of “ aperture.” Applicators are made in a great variety 
of sizes and shapes of aperture- Some applicators, one in position attached to an 
X-ray tube, are shown in figure 2922. 

(6) In the second method of controlling the shape and size of the beam, the 
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protection is carefully built up to the required shape and size on the patient » shin, 
no applicator being attached to the tube. For this purpose, pieces of lead and 
lead-iinprcgnated rubber are used, these being available in a great variety of 
shapes and sizes, so that, if necessary, the margin of a sinuous lesion can be faith- 
fully followed. The pieces of lead arc clipped together, and caie is taken that a 
considerably under margin of lead protection on the skin is provided than is 
necessary to co\ er the full extent of the beam emitted from the tube. When a skin 
field has been prepared for exposure in this way, the area to be exposed will appear 
in the centie of a wide margin of lead protective, as shown in figum ‘2023 and 
2921 

For the purposes of accurate direction of the beam, various methods of mount- 
ing the X-ray tube are in vogue, and in all good apparatuses means are provided 
for measuring the angle of inclination in any direction. 

X-ray Dosage. 

A great many methods have been employed for the measurement of X-rays. 
Some of the best known have depended on colour changes induced in certain 



chemical substances on eipo,i.rc to tlio radiations, and of these the classical 
crumples are (a) the Sabouraud and Noire Pastille method— tvhich gave us tho 
B Umt " , and (6) the IMznccht method- which gave us the “ H Unit." Other 
methods have depended upon the photographic changes induced by the rajs. 
Ah these methods are now obsolete, though (hey have a certain historic interest. 
All arc inaccurate, and in certain circumstances may he dangerous. They have 
been superseded by the maentificaUy-elact ionisation method of measurement. 

The prmciple of tho ionisation method of X-ray measurement is simple. 
Aar is normally a non-conductor of electricity. When, however, it is exposed to 
X-rays its molecules are split up into their constituent positive and negative 
ions which are capable of transporting electric current. New it is found that the 
number of ions produced per second in a given quantity of air is dependent upon 
the strength or intensity of the applied radiation. The amount of electrical 
coarge, therefore, that can be transported per second will depend upon the strength 
of the radiation. Here then we have an accurate means of estimating the strength 
of a source of radiation. In practice, the given volume of air is contained in a 
so-called ionisation chamber, which is usually about the site of a man’s thumb. 




— Tax pBisapiB 01 


tb« losmno* uraioD or X rat ueascremevt. 
conducting. the charge on the electroscope is r 
y it to earth st » rate proportionate to the intensity of radiation. '* 
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Different instruments differ in the method of measuring current transported in 
the ionisation chamber as a result of the application of the X-rays, but all the 
standard instruments give a high degree of accuracy — within one or two per cent. 
An ionisation instrument is diagraramatically illustrated in figure 2925. 

X-ray Dosage Units. 

An International Unit of X-ray Dosage— known as the “ r ” or “ rontgen " 
— has been elaborated, based upon the ionisation method. Unfortunately, the 
“r " leases something to be desired for practical purposes, in that the biological 
effect of a given number of" r ” varies with the quality of ray. At 200,000 volts, 
and with an appropriate filter, a dose of 800 " r ” applied at one exposure will 
produce a well-marked skin erythema. 

Unit Skin Dose and Erythema Dose. It is often convenient to have a biological 
urut of dosage, and for tins purpose the unit skin dose (“ U.S.D.") is employed. 
It is defined as that quantity of radiation which will produce a specified grade of 
erythema when applied at one exposure to bealtby abdominal skin. It should be 
noted that a dose which will produce an erythema at one exposure will, if divided 
mto several ft actions over a period of several days, fail to do so. The writer 
worked out the corrections that have to be made if the dose is spread in this way, 
and ho found that when spread into equal daily fractions over a week, about 
I'G times the U.S.D. is required to produce an erythema, while in equal daily 
fractions over a fortnight, the erythema dose is equal to about 2*2 unit skin doses. 



CHAPTER II 

Effects of X-rays on Living Tissues 

The fact that X-rays could produce changes in living tissues was observed very 
soon after their discovery. Thus, in a communication to Nature in March 189C, 
barely two months after the announcement of Rontgen’s epoch-making discovery, 
Edison and others commented upon the effects of X-rays upon the eyes ; and in 
the samo year several accounts were published describing the effects of X-rays upon 
tho skin. These and similar observations soon Jed to speculation as to possible 
therapeutic effects, and very quickly efforts were being made to test their value in 
this direction. 

As might be expected, lesions of the skin, both malignant and non-malignant, 
were the first to be submitted to experimental irradiation ; but investigations on 
the bactericidal powers of X-rays were also carried out by several workers quite 
early. With the progressive increase in the power of generating apparatus, and 
the production of more and more penetrating radiations, attempts were made to 
treat more deeply-placed lesions, and a vast literature has grown up dealing with 
the effects of X-rays ou normal and abnormal organs and tissues in the human 
body. We shall here discuss briefly some of the more important of these effects 
of the radiations, and in somewhat greater detail the characters, diagnosis and 
treatment of some of the injuries that may bo produced. 

General Characteristics of X-ray Effects. 

Every observed effect of the action of X-rays upon Ji\ing tissues is a combina- 
tion of two factors— the injurious effect of the radiations upon the irradiated 
tissue, and the defensive and reparative reaction of the organism to tho injurious 
stimulus. Every application of X-rays to living tissues m sufficient dosage to pro- 
duce appreciable changes must involve an injury to some, though not necessarily 
all, of the elements of that tissue. There is an important difference, however, in 
this respect between X-rays and other injurious stimuli, namely, that the dose of 
radiations, and accordingly the degree of the injury, can be very accurately con- 
trolled, even when deep regions are being irradiated ; and moreover, the applica- 
tion of the injurious stimulus is unassociated with the complicating factors of 
mechanical trauma and sepsis. The immediate reaction resulting from the 
application of a dose of X-rays is very similar to a bacteriogenic inflammation, 
with the difference, however, that in the case of irradiation the causal factor has 
been withdrawn, and unless excessive doses have been given there is no destruction 
of tissue and no pus formation. The process can best be studied in the case of the 
skin and subcutaneous tissues. It is found that of the classical characteristics 
of inflammation, redness is well marked, heat and swelling only slightly so, and 
pain, except when excessive dosage has been given, is completely absent. The 
inflammatory reaction persists for a few days and then gradually subsides. 
Histologically the effects are similar to those observed in pyogenic inflammation, 
5375 
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aud this stt^efets that some , if not all, of the same defence raeclianisms are involved. 
This may explain the value of X-rays in certain acute and chronic inflammatory 
conditions, as inducing a greater marshalling of the defensive forces, and over a 
wider area than is provoked by the infecting agent alone. In the chrome 
i nflamma tory lesions, at any rate, the effects of X-ray treatment may l>c inter- 
preted as the production of repeated attacks of acute inflammation of moderate 
and strictly controlled grade at any required intervals. The method is thus in 
some respects comparable with the artificial production of hyper-emia in the treat- 
ment of chrome inflammatory conditions. It is possible that the effects of X-rays 
m presenting keloid formation in fresh scars may also act by assisting the tissues 
U i this way to deal with an infecting organism of low virulence. 

There are two important special characteristics of X-ray action that require 
to be mentioned : (1) Latent period ; and (2) Cumulation of effect. 

Latent Period. When a Unit Skin Dose of X-rays is applied to the skin, the 
typical erythema does not at once become apparent, but an interval or “ latent 
period '* of from four days to three or even more weeks elapses before it occurs. 
During the latent period there is usually no evidence whatever that a large dose 
of X-rays has been applied, although in a few cases a transient early erythema may 
occur a few hours after the delivery of the doae. Even when the dose has been 
sufficient to cause a sev ere bum there is still a latent period which is never less than 
three and rarely less than five days. The duration of the latent period depends 
upon several factors, among which the most important are the quality of the ray, 
and the quality and pigmentation of the patient's skin. The magnitude of the do»e 
is of less importance. 

Cumulathe Effect. Recovery from a dose of X-rays is slow and takes several 
weeks to reach its maximum. This is true even when no appreciable effects have 
been produced on the tissues. Moreover, it is probable that when any considerable 
dose of X-rays lias been given to a tissue, recovery' is never quite complete although 
the residual effect may be so small as to be negligible. When further X-ray treat- 
ment has to be considered, however, the possible residual effect has to be taken into 
account, and dosage may have to be reduced. Failure to appreciate the import- 
ance of this cumulation of effect has accounted for a great many’ of the disasters 
which have from time to time occurred in the past as a result of X-ray treatment. 
Thus, m the treatment of lupus, and also of hyperthyroidism, it was not uncommon 
for fifty or more doses to be given at short intervals over a period of a year or so. 
The cumulative effect frequently resulted in severe skin changes, such, as will be 
described further on in this section. The damaging effect of X-rays on the skin 
and blood of X-ray workers also results from the cumulation of small doses over 
long periods. 

It will readily be understood from what has been said concerning the cumula- 
tive effect that a tolerance to X-rays cannot be indneed in a tissue by careful 
gradation of dosage, although, curiously enough, it is true that the body as a tchde 
can be gradually accustomed to increasing doses. Thus, in the “ bath method ” 
of treatment of extensiv e deposits of sensitive growths in the abdomen and chest, 
the patient may eventually come to tolerate with little or no inconvenience a dose 
of X-rays applied to the whole abdomen which, if applied without previous 
“ desensitisation,” would lead to very severe, if not fatal, results. 
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THE EFFECTS OF X-RAYS UPON THE SKIN 

The effects of X-rays upon the skin, as upon the blood, differ very considerably 
according to whether the rays have been applied within a short space of time, as 
incorrect therapeutic application {“ acute exposure or in repeated small doses 
over a long period of time, as in obsolete methods of X-ray therapy and in occupa- 
tional exposure (“ chronic exposure ”). A great deal of confusion exists in many 
of the descriptions of the effects of X-rays upon the skin which have been published, 
and it is important that the difference just referred to should bo clearly grasped, 
more particularly as the subject has important surgical applications. 

It may help us to understand the difference in the effects of acute and chronic 
exposure to X-rays if we consider the effects of some more familiar, potentially 
injurious, physical agent, applied with different intensities and time distributions. 
Let us consider the behaviour of the skin to simple physical pressure. If we com- 
pare the effect of pressure upon an area of skin sustained continuously for several 
days %vith that of intermittent pressure, of lesser intensity, but extending over a 
long period, wo find that thero is a great difference in the results. TIius the former, 
continuous pressure, results iu an atrophic, and finally a uecrotic, process, while 
the latter, which is exemplified by the pressure of a tight shoe, results in a hyper- 
plastio process— a corn. Wliafc really happens is, of course, that the intermittent 
application of sub- maximal stimuli in the latter caso has resulted in such an exag- 
gerated reparativo and protective process that the latter has completely 
overshadowed in tho clinical picture tho damage done by the physical agent ; 
and this is precisely the basis of tho difference between acute and chronic effects 
of X-rays. Tho effects upon tho skin of acute exposure to X-rays are described 
as Acute X-ray Dermatitis , while those of chronic exposure arc described as 
Chronic X-ray Dermatitis. 

Acute X-ray Dermatitis. This condition follows the application, over a short 
space of time up to a few weeks, of moderate and large doses of X-rays such as are 
used in X-ray therapy. With small doses no visible effects are produced. As the 
dose is increased, however, a point is reached at which, after a duo latent period, 
epilation of hairy parts is produced. At the same time it is observed that the 
activity of tho sweat and sebaceous glands has been diminished. After an interval 
of several weeks, tho hair grows again, and partial though not complete, restora- 
tion of the secretory glands occurs. When soft rays are used tho hair rarely fails 
to grow again, and with hard rays failure of ro-growth is almost unknown. No 
fibrotic changes occur in tho skin or deeper tissues. The skin effect just described 
is known as the first degree of acute X-ray dermatitis. When tho dose of X-rays 
is still further increased, the next effect observed is the production, again after the 
proper latent period, of an erythema. This erythema varies with the dosage 
applied, from a faint pink to a dark bluish-red. It is very accurately limited to 
the area exposed to the rays. It persists for several days, to be followed by pig- 
mentation which varies in intensity with the characters of the skin of tho patient. 
Finally, some weeks after the delivery of the dose, desquamation occurs, and the 
skin is restored to an approximately normal condition. A brow nish stain, however 
may remain permanently over the area treated, and some permanent dryness k 
constant, men hard rays are used, permanent epilation is very rare, although 
it is more frequently observed after the use of soft rays. No fibrotic changes 
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or only very slight ones, are produced. This reaction 13 known as the second 
degree of acute X-ray dermatitis. The third degree of acute X-ray dermatitis com- 
mences with a dark bluish-red erythema which rapidly proceeds to the stage of 
v esication. Vesicles may be small and discrete, or they may run together to form 
bulla; Slighter cases of third degree dermatitis heal with great rapidity after the 
vesicles have hurst, and scarring is slight or completely absent. Pigmentation, 
however. is more marked, and its distribution more irregular, than in the earlier 
degrees Patchy permanent epilation is common. In the more severe cases, raw 
area.* erpo-ed by the bursting of the bulla? become infected with pjogenic organ- 
e-rn.' and healing may be long delayed. The condition then assumes the 
chirarterfotics of an X-ray burn. The fourth degree of X-ray dermatitis is 
« ’uractenavd by deep ulceration— the true X-ray burn. 

.tn X-ray burn may follow a severe third-degree dermatitis, or it may follow 
the lesser degrees when a factor of serious mechanical, thermal or chemical 
irritation has been superaddt-d. Thus the application of an irritant liniment, or 
of a very hot fomentation, may concert a first -degree dermatitis into a typical 
X-ray bum. 


An X-ray bum either follows closely in its extent the area treated— that is to 
say, its outline usually forms some geometrical pattem-or it is found upon an area 
of slan which bears evidencesof heavy irradiation (epilation, dryness, pigmentation, 
and often telangiectases). Since the skin is more sensitive than the deeper tissues, 
the edges of an X-ray bum are not undermined ; on the contrary, the wall of the 
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cracks anil fissures appear in the skin which are extremely painful and difficult to 
heal, and in this stage alio hyperkeratosis occurs. The latter process is evidenced by 
the occurrence of multiple hard warts, often of the cauliflower type, and by severe 
and painful changes in the nails. Tiic nail-fohl proliferates and at the same time 
shows a tendency to ulceration, while irregular overgrowth of the nail-bed occurs, 
as a result of which tho nail may lie shed. Chronic X-ray dermatitis often 
terminates in epithelioma, which limy have its origin in a fissure or wart. 

X-ray Carcinoma. This is a common termination of chronic X-ray dermatitis, 
but is rarely, if ever, observed as a result of acute X-ray dermatitis. It may there- 
fore be said that X-ray carcinoma never results from correct therapeutic applica- 
tions of X-rays. X-ray carcinoma is often multiple, and metastasis to glands is 
frequent. Occasionally visceral mctastascs occur. Histologically the condition 
is a typical squamous-cclled carcinoma. 

Effect of (JUra-iioUl Radiation in X-ray Dermatitis. It is important to note 
that all the effects of X-raya described are intensified by exposure to ultra-violet 
irradiations. Serious results have been known to follow sun-baths of areas of 
skin to which erythema doses of X-rays had previously been given. 

Treatment of Radiodcrmalilis. 

(1) Acute X-ray Dermatitis, (a) During the course of tho X ray treatment 
certain important precautions have to be observed : All forms of irritation- 
mechanical, thermal, and chemical— must be rigorously avoided, and the patient 
must be warned against friction from collars, corsets, etc., and against the use of 
hot or very cold applications, or of irritant ointments or liniments. It is especially 
important to avoid any applications to the skin containing heavy metals, however 
bland or non-irritant they may be, since secondary radiations would be excited 
in such preparations, thus intensifying the effects of the rays. Itching may bo 
relieved by dusting with a simple starch powder. Some authorities liavo recom- 
mended anointing the skin of the part exposed with fats, such as pure unsalted 
lard. Such preparations in the author’s experience, although they may relieve 
symptoms for the time being, tend to intensify the erythematous reaction. 

(6) After the appearance of the X-ray effect, the treatment will depend upon 
the severity of the X-ray effect. For the ordinary second-degree erythema, no 
treatment is usually required beyond the precautionary measures already detailed. 
Itching may be treated as before by dusting with starch powder, or, after the 
completion of the irradiation, a zinc oxide, bismuth and starch powder may be 
employed. If blisters occur, they may be treated by the application of cycloform 
ointment (Bayer), or, if the vesicated area is in danger of infection from a neigh- 
bouring septic focus, a weak preparation of flavine in paraffin, 1 in 2500, may be 
employed. (It is important that no spirit be used in making up this latter 
preparation.) Most of the deliberately produced vesicating reactions heal with 
great rapidity in the course of a few days. If, however, there is a tendency to 
delay in healing, it is a good plan to alternate the local applications. For this 
purpose, the flavine in paraffin may well be alternated with linimentum calaminae. 
The oily preparation of calamine is advised in preference to the watery one in 
order to avoid the sticking of dressings. Sometimes it will be found that an X-ray 
reaction ia much aggravated by irritation from discharges from foul fungating 
ulcers. In such cases, a castor oil preparation, such a3 equal parts of zinc oxide 
and castor oil, forms a valuable protective dressing. 
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True X-ray bums are now, happily, rarely seen ; hat when they occur, they 
offer great difficulty in treatment. Pain is usually a dominant feature and 
may necessitate the Use of cocaine locally. This drug is soluble in castor oil 
and may be used in this medium in combination with flavine, 1 in 3000, as an 
antiseptic. Quite weak strengths of cocaine, e.g. 1 per cent, may prove effective in 
relieving pain, and, where wide areas are involved, the possibility of absorption, 
and consequent poisoning from the drug, must not be lost sight of if stronger 
preparations are Used. Immobilisation of the affected region should be carried 
out as far as possible 

When the acute inflamm atory stage has passed, healing may often be expedited 
by the application of a powerful astringent, with the object of forming a surface 
eoagulum. For this purpose, a solution of tannic acid, 1 per cent in mercuric 
chlonde. 1 m 2u0u may l/e used A piece of gauze is accurately cut to the shape of 
the ulcer, and is soaked in the astringent preparation. It is then carefully applied 
to the surface of the lea,on A black eoagulum is formed which should not be 
disturbed so long as the lesion remains free from evidence of inflammatory 
reaction. If there is the slightest e\ idence of inflammation, the dressing should lie 
removed the clrer cleaned up. and a fresh dressing applied. If the ulcer fails to 
ca m spite of all efforts at treatment, excision of the ulcer-bearing region may have 
to be earned out. e J 
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be advisable to allow the wound to granulate before proceeding to the second stage. 
Tiie use of the diathermy knife is recommended in the latter typo of case. 

(3) X-ray Carcinoma. While it is true that in a great many cases small X-ray 
carcinomata have been removed locally and the patients have remained well 
without recurrence, the balance of opinion undoubtedly favours free and wide 
excision. An incomplete local operation is more likely to be successful where the 
growth has arisen from the handling of small radium applicators. In such cases 
the maiu intensity of the carcinogenic agent has been very local in its operation, 
and the damaged tissue is therefore likely to be more limited in extent. Where, 
however, the growtli has followed chronic exposure to X-rays, the process is likely 
to be much more extensive, and the more radical method would seem to be 
indicated. 

The surgical treatment of X-ray carcinoma has been studied, especially by 
Sampson Handley, and the following extract is quoted from an article by him in 
Colwell and Russ’s book, X-ray and Radium Injuries : 

“ The experience of any one surgeon in the treatment of X-ray carcinoma is 
necessarily limited, but it would apj>ear that the had prognosis of the disease is 
due largely to dilator}' and incomplete operations for which the reluctance of the 
patient is perhaps mainly responsible. What ha3 usually happened is that a scries 
of small local excisions of warts or incipient carcinomata is undertaken over a 
period of years. Next, perhaps, a finger is removed. At this time, the axillary 
glands are enlarged, but the fact that the glands may be merely of septic origin 
is allowed to cast a pink haze of optimism over the menacing, but more likely, 
alternative that they are neoplastic. An axillary dissection is finally undertaken 
too late, and recurrence in the supra-clavicular glands or in the lung terminates 
the case. 

“ In my opinion, if a suspicious warty area is found to be a carcinoma, the 
patient’s safety demands a complete gland dissection, so soon as the least glandular 
enlargement can be detected in the axilla or in the supra-trochlcar gland on the 
affected side. The precaution is wise even in cases where the glands are normal 
to palpation, though it cannot then be so strongly urged. The object of the opera- 
tion is to cut the main line of dissemination at an early stage. When once thU has 
been done by the method now fa 6c described, the disease hs no longer free to range 
over the body. It is confined in its spread to the region of the forearm and hand. 
Here any subsequent local manifestations can be dealt with at leisure by limited 
local operations, with the loss of the forearm as the most serious ultimate forfeit 
that is likely to be demanded. 

“ Since in nearly all cases the first gland to lie invaded is the supra-trocblear 
gland which lies on the internal intermuscular septum an inch or two above the 
medial cpicondyle, a simple axillary dissection will not meet the case. Not 
only should the supra-trochlear gland be removed, but with it and in one piece 
should go the trunk-lymphatics which connect it with the axillary glands and the 
axillary glands themselves. The incision required begins at the junction of the 
anterior and medial walls of the axilla, passes across the front part of the axillary 
vault one inch behind the edge of the great pectoral to the insertion of that muscle, 
and continues down the medial side of the upper arm in a straight line to a point 
just above the internal epicondyle. 

In the bra chial part of the incision, the skin and a thin layer of subcutancou 
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fat are reflected a little so ns to e.tj»Ooe a band of the deep fascia an inch wide 
extending from the supra-trochlear gland to the axilla. The gland is dissected out, 
not cleanly but with a sheath of the surrounding fat, and from below upwards. 
Above, it is left in continuity with the exposed band of deep fascia, the edges of 
which are now* deflned by careful me i dons through the fascia. It is now* easy to 
strip up the fascia from the undt riving muscles, nerves and vessels .is far as the 
axilla but leaving it still m continuity with the axillary tissues. The opening up 
of the axilla and the removal of it-, glandular and fatty contents is the next step. 
It is not necessary to dnidr either the great or the lesser pectoral in order to do 
this satisfactorily The anterior axillary wall is first cleared, and a right-angled 
retractor passing immediately behind the great and lesser pectorals lifts these 
muscles out of the way and permits the v , in to be cleared along its w hole length, 
and the apical glands of the axilla (sub clavicular glands) to l»c reached and 
removed The mexpert operator is almost certain to leave these glands behind. 

Inc further steps in the axillary clearance n.ed no special description, hut 
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doses a fall is observed which nuy he considerable. Poiychromatopliilia is fre- 
quent in thc.sc cases, nm'socytosis and poikilocytosis less so. Megalocytcs and 
megaloblasts are rarely observed, and then only after full doses in patients in whom 
aiurinia is severe at the beginning of the treatment. The changes in the red 
cells reach their maximum 7 to 10 days after the irradiation. 

Ilamoylobin. The hemoglobin value is slightly increased with small and 
moderate doses. After full doses, a fall in the 1 Hemoglobin is constant, and is the 
more marked the weaker the patient. The fall in haemoglobin is always less than 
the decrease in number of the red blood-corpuscles. The colour index is therefore 
increased. This increase reaches its maximum after 8 to 12 days and usually 
returns to normal in about 3 weeks. 

Leucocytes. Even after moderate doses, a fall in the total number of leucocytes 
is observed. The fall occurs rapidly, arid reaches maximum about the fourth 
day after the irradiation. The total white count may fall as low as one-third or 
even one-fifth of the original count, i.c. to 1500 per cubic millimetre. The lym- 
phocytes are those most affected. While further decrease in the number of the other 
cells usually ceases after a few days, the lymphocyte count may continue to fall 
for three weeks after the irradiation. The final lymphocyte count nuy be ns low 
as 200 (normal being about 3000). Recovery in the lymphocyte count is gradual 
and is usually complete in about two months, after which a relative and absolute 
lymphocytosis may occur. No differences are observed in the behaviour of the 
6mall and large lymphocytes. 

The neutrophils may show an initial increase (the occurrence of which is denied 
by some authorities), followed by a rapid fall in number. The nuclei tend towards 
the parent-type myelocytes, and even, though rarely, promyelocytes nuy be seen 
in the circulating blood. The occurrence of either of the latter types of cel] is 
said to be of bad prognostic import. 

The eosinophils at first show a fall in number, later an increase. The increase 
reaches its maximum in 4 to 5 weeks, when a relative aud absolute eosinophilia 
may occur. 

The large mononuclears may remain unchanged m their percentage ratio to 
the total leucocyte count, and therefore show an absolute decrease in number. 
Frequently, however, they are decreased to a greater extent and may even dis- 
appear from the blood. 

The leucocyte count should be completely restored to normal 3 to 4 months 
after the irradiation. Delay in the return to normal is said to give a had prognosis. 

The dotting time (see Vol. I, page 820). 

(2) Chronic [accidental] Exposure to Radiations. Changes have frequently 
been described in the blood of radiologists and of the personnel of X-ray depart- 
ments, and in some cases the anienua has been progressive and has ended fatally. 
The total leucocyte count is at first not greatly affected, but later it is reduced in 
moderate cases to 5000 or 6000, the reduction affecting principally the myelogenous 
elements. The lymphocytes are at first almost constantly increased in number, 
the count frequently being as high as 4000 or more. In the fatal forms the total 
leucocyte count may be as low as 1500. of which the lymphocytes may fora 
about 40 to 50 per cent. 

The eosinophils may be unaffected, they may be increased or reduced a 
number, or they may be altogether absent from the slide. 
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The red cells are unaffected eicept in the severest and fatal forma, when the 
red count may fall aa low as 1,000,000. 

The colour index i a increased in cases of moderate severity, but in the severe 
cases it is reduced, and in fatal cases may fall as low as 20 per cent. 

The occurrence of infective processes in these cases is very serious, and even 
slight infection may lead to a fatal issue. 

In the severe grades, even the complete cessation of all X*ray work will often 
fail to restore the blood picture to normal, and in the worst cases the changes 
are progressive in spite of every treatment and precaution. 

It is said that the earliest sign of blood injury due to X-rays or radium is a dis- 
turbance of the normal ratio between, the polymorphonuclear and mononuclear 
cells, the numbers tending to become equalised. Thus a count of 48 per cent of 
mononuclears (including all lymphocytes) and a similar number of polymor- 
phonuclear. even in the absence of a total leucopenia or other change, should be 
regarded as suspicious of X ray injury. In these cases a rest from radiological 
work, even of only a few weeks’ duration, will often result in the return of the 
blood count to normal. 

EFFECTS OX SPLEEX AND LYMPHOID TISSUES 

Spleen (sec Vol. I, page 820). 

Lymph Glands The changes which occur in the lymph nodes after irradiation 
are of the highest importance in connection with the treatment of carcinoma. 
The importance of the lymphocyte in the limitation of the cancer process is now 
well recognised, and if, as is often stated, by heavy radiation we rob the lymph 
glands of their lymphocytes, w e are breaking down one of the principal barriers 
to the dissemination of the cancer. 

Heineke in 1005 described destruction of the lymphoid follicles, destruct’on 
of lymphocytes throughout the gland, and the occurrence of epithelioid cells 
following radiation. He stated, however, that complete restitution could occur 
after moderate doses These observations, as applying not only to lymph glands, 
but to all lymphoid tissue, have received fairly general acceptance. 

More recently a good deal of work has been done on this subject by Murphy 
and Xakabara, and by Ewing These authorities have found that so far from 
i-ausmg a destructive cHect on the lymphoid cells, proliferation of the lymphocytes 
is induced by radiation. Ewing emphasises the resistance of normal lymphoid 
tissue to radiations. Simple hyperplasia of the tonsil, for instance, only yields to 
large doses. Even after very heavy doses, squamous carcinoma cells may be found 
to be necrotic, while lymph follicles persist or even increase in number. Ewing 
describes the following changes in the lymph glands after the administration of 
large doses : 

(1) Transformation of the germ centre into a small compact ring of flat cells 
resembling squamous epithelium. 

(2) Replacement of the germ centre by lymphocytes, 

(3) Obliteration of follicles, but persistence of lymphocytes. 
j (4) Reticulum cell hyperplasia. 

As pointed out by Quick and Cutler, these observations “ encourage the pre- 
servation of lymph nodes in the neighbourhood of squamous carcinoma when not 
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invaded, and their heavy irradiation when they are invaded. They further widen 
the breach between those who extirpate normal cervical lymph nodes in CO per 
cent of the cases of lip carcinoma, and the radiologist who conserves these barriers 
against cancer intrusion when uninfected, and plans to control them w hen infected.” 

EFFECTS UPON TilE GASTROINTESTINAL TRACT 

Mouth and Throat. Erythematous reactions may be produced in the mucosa 
of the mouth and throat resembling those produced in the skin. Unlike the skin 
reactions, however, they are accompanied by tenderness and pain on mastication 
and swallowing, w Inch in the worst cases may be so severe as to prevent the patient 
from eating. The epithelium may become denuded and the raw area covered by a 
fibrinous film as in the case of radium reactions. Healing is usually rapid after 
the withdrawal of the radiations, but localised overdosage may give rise to areas 
of deep ulceration closely resembling those produced by interstitial radium. 

The discomforts of intensive irradiation of the month and throat are intensified 
by two additional factors, namely, damage to the parotid salivary glands leading 
to dry mouth, and loss of the sense of taste. The secretory cells of the parotid 
glands are very sensitive to the radiations, and dryness of the mouth may follow 
quite moderate doses. After intensive dosage it may be permanent. The mode 
of production of the loss of the sense of taste is not clear. It occurs even when the 
nasal mucosa has been carefully protected from radiations. 

Intestine. The effect of X-rays on the intestine has been studied by Regaud, 
Xogier and Lacassagne. These authors experimented on dogs, whose gastro- 
intestinal mucous membrane is similar to that of man. They found that 
serious changes occurred in the walls of the intestine very soon after irradiation 
With even moderately large doses (10 II. through 2 mm. al.) the lesions 
produced were rapidly fatal. The degenerative changes were seen principally 
to affect the villi of the small intestine, the crypts of Lieberkuhn, the 
intestinal lymphoid elements, and the glands of the fundus of the stomach 
The covering epithelium of the villi was damaged and m places detached, 
and the stroma was also shrunken. The crypts of Lieberkuhn were markedly 
affected, and after large doses completely destroyed. Moderate doses caused 
a shrinking of the glands, due to degeneration of the cylindrical lining epithelium. 
The lymphatic elements were damaged, but to a much lesser degree than one 
would expect in view of the high degree of sensitivity of the splenic and 
other lymphoid tissues. In the stomach the oxyntic cells of the fundus glands 
were found to be shrivelled and degenerated. In one case, the dog was given 
a meal of fowl bones twelve days after the irradiation. This animal died 
two days after the meal. Two control (unirradiated) animals who had 
partaken of the same meal remained well. Post-mortem examination revealed 
early peritonitis, but no intestinal Jesion. In another case, perforation of the colon 
and peritonitis followed the accidental ingestion of hard food after the irradiation. 

The importance of the clinical application of these observations scarcely 
needs to be laboured. 

Radiogenic Enteritis is the term applied to a more or less severe inflammation 
of the bowel following a therapeutic irradiation. It usually affects the rectum, and 
it is almost invariably the result of a concentrating cross-fire irradiation of the 
pelvis. 
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Symptom.* of the mild form are characterised l»v general malniv, abdominal 
pain and discomfort, with diarrha-a and occasional vomiting. In the severe form 
the symptoms are severe colicky pains, profuse diarxhu-a, often with blood in the 
stools, frequently tenesmus, vomiting, and pyrexia. Perforation and peritonitis 
nuv occur. 

' EFFECTS OX THE CEMTO-fBI-VABV SYSTEM 

Kidneys No obvious changes are produced in the kidneys by clinical doses 
of X-rays. Irradiation of the kidneys », however, followed by a temporary rise 
in the albumen, chloride and urea content of the urine. 

Bladder. Radiogenic cystitis may follow very heavy irradiation of the bladder 
and. rarclv. the occurrence of hainatuna has been described in a-v-oeiation with 
it. Late necrosis has been reported as following rejnutcd intensive irradiation 
of the bladder. The condition must lie very rare and may be due to faulty 
technique. 

Tates, istcrihtv unaccompanied by impotence nuy follow therapeutic 
exposure of the testis, but it lias also frequently resulted from chronic accidental 
exposure. Recovery may occur m cither ea-e. even when complete azoospermia 
has persisted for a long period 

Oiuries- As ui the case of the teotn. the ovarian function can l*e destroyed 
temporarily or pennaneutly by exj*i>ure to moderate or large Uo-as respectively 
of X-rays. Sterility nuy follow iiihc-r therajK-utu: or auadcntal exposure. Tem- 
porary sterilisation by means of X-fay* has been widely practised, especially in 
Ccrmany, in the treatment of various gviuxological disonlcrs. It would ap{>tar, 
however, that the practice i* not without danger to the children of suWqucnt 
pregnancies, and in the writers opinion, except m the pre-win e of maligiunt 
disease. X-ray treatment -bould not lie applied to the ovaries below the age of It). 

ElFECTs O.V T1IE KE.-PIRITORY sVaTEM 

Lirynx The larynx mu-t be regarded as a radio-.K usitive organ, and, except 
m the presence of malignant iImih’. should not !*• subjected to heavy dosage. 
The changes produced are of the nature of pcruhondrnis, and actual exfoliation 
of cartilage may occur In mild cases apparently complete recovcrv nuv ensue. 
The symptoms and signs are . pvrexu, pain, aphonia, and dysplugia, more or less 
severe, with great ccdenia of the Laryngeal tissues on examination. In many cases 
recovery u heralded by the sudden expectoration of a small quantity of pus. Tho 
mode of production of the changes is obscure. It seems clear tliat the cartilages 
themselves are not very radio-sensitive. It lias been suggested that the condition 
is due to a primary effect on the blood-vessels, interfering with the nutritional 
supply to the larynx 

Late perichondritis is a not uncommon after-effect of heavy irradiation of the 
larynx, and it may occur months, or ev eu years, after the t reatment. The recogni- 
tion of this condition is of very great importance. Wien occurring after some 
months of freedom from a malignant growth it may be taken for a recurrence, 
and, m new of the previous satisfactory effect of the X-ray treatment, further 
treatment may be given. The result of further irradiation in t his condition may 
be disastrous. 

Lungs. Fibrosis of the lungs may be produced bv intensive irradiation. It 
has been observed mainly after tile treatment of breast and oesophageal grosrths. 



5:187 


DBB1» X-ltAY TIIKUAPY 

Modern improvements in technique have eliminated the danger of this lung damage 
in the treatment of carcinoma of the bre.ust, ami its incidence after irradiation 
of carcinoma of the oesophagus has been greatly reduced. 

EFFECTS OX XKIIYOL'S SYSTEM, EYE, TJ1YJ10H» AND THYMUS (JEANJXS 

Xcnvu.i limit is ono of the most resistant tissues in the l>ody to radiations. 
Very large do*os an* tolerated without damage. The conductivity of sensory 
nerve fibres appears to he diminished fora variable ]>oriod after an X-ray exposure. 
In this way, pain nuy be rrliewl in the irradiation of a malignant growth long 
before any change has been produced in the grow th itself. The secretory activity 
of the cells of the choroid }Jt susc* is reduced by irradiation, and this effect lias 
been nude use of in c.lsos in which a temporary reduction in intra-cranial tension 
is required. 

Bye. Conjunctivitis may 1m* produced by intensive irradiation, and serious 
consequences may follow* where there coexists a lesion of the fifth nerve interfering 
with its trophic functions. lute cataract nuy occur many months after intensive 
irradution of cranial or naso pharyngeal growths. The cataract is amenable to 
surgical treatment. 

Thyroid (Hand. The norma! thyroid glam! is resistant (o X-rays, and no 
changes are produced with clinical doses. 

Thymus (Hand. The .same changes luve been deserilx'd by some authors in 
this gland as are seen in lymph glands. Com! effects are produced by X-rays in 
some cases of status lympliaticus. 

THE CONSTITLTIOXAL EFFECTS OF X-HAY THEATMENT 

The constitutional effects of X-ray treatment vary considerably from 
individual to individual, even with the same X-ray dosage. In general, however, 
it may be said that these effects have been greatly lessened in severity in recent 
years. Three factors have contributed to this : 

(!) The invention of self-protected tubes, which has minimised the diffusion of 
scattered radiations throughout the whole treatment room, thus rendering it easy to 
limit the radiation reaching the patient to the part which it is desired to irradiate. 

(2) The tendency to removal of the high tension generating apparatus away 
from the treatment room. In this way the inhalation of tlio fumes of oxides of 
nitrogen by the patient is avoided. In the writer’s opinion, many of the unpleasant 
phenomena associated with X-ray treatment were due to the inhalation of these 
fumes. 

(3) The replacement of the single “ massive-dose ” methods by the modern 
“ split-dose ” techniques, nuking it possible to work up gradually to the full 
dosage over a period of several days. 

In the treatment of non-malignant conditions, and of malignant conditions 
of superficial and limited extent, it is unusual for any constitutional effects to be 
produced at all. When, however, treatment has to be applied to deeply seated 
malignant lesions, the constitutional effects arc definite and may he severe. As 
the treatment progresses, the patient complains of an increasing feeling of fatigue, 
often with intermittent nausea and sometimes actual vomiting. Rarely, vomiting 
becomes a serious feature, but in the days of the single massive-dose techniques 
it sometimes proved fatal. 



5388 


POST-GRADUATE SURGERY 

X-ray sickness is the term applied to nausea and vomiting resulting from X-ray 
treatment. It may follow irradiation in any region, but is more common after 
irradiation of the upper abdomen. The cause of X-ray sickness is obscure, but it 
may be contributed to by absorption of the breakdown products of malignant 
growths. Some loss of weight is constant during an intensive course of X-ray 
treatment and this may amount to several pounds in the course of a few weeks. 

Trmtmcni of X-ray sickness is on general lines. The patient should be 
at rest, on a light, easily digestible diet. For the nausea, 10 minims of liquor 
adrenahni hydrochlor. in water, taken by the mouth, will often secure instant relief, 
and this may be repeated four-hourly with perfect safety. Another valuable drug 
is acid hvdrocyan. dil, in 3 minim doses with bismuth. Liter is not recommended. 

For dsarrhma occurring in the course of X-ray treatment, said may l>e given 
in 5 gram doses, and this is usually sufficient to coutroi it in the early stages. In 
more severe cases, chalk and opium may be used. Rectal irritation may lie 
dealt with by the instillation of warm olive oil into the rectum. 



CHAPTKR III 

TlIK TiIKATMKNT OK DlSKASK JlV X-MAVN 

As might to excited from the gnat diversity of effects which urn he produced 
by X-rays in living tivfUes, hem-lit nuy Ik* oht.iiin-d from X-my treatment in a 
variety of different divM<>e.i. The moth* of .ution of radiations differs greatly in 
the various conditions in nhiib X-ray treatment may he given, but one large 
group can Ik? twparuted in wliielt the mode of jet ion is la lieved to he .similar, and 
the principles of treatment lire <m the same lints. This group iompn->es the malig- 
nant neoplaMus of ull tyjH-.s, and ni< .shall deal with it first 

MALM; XA NT CONDITIONS 

The earliest attempts ut .scientific treatment of malignant disease by measured 
doses of X-rays had their origin in Hrlangen during the Great War. Apparatus 
was devised which was capable of producing radiations of great penetration ; 
a biological unit surface dose was introduced, a system of depth-do.sage measure- 
ment was built up, and, finally, a measured dose was prescribed to be applied to 
the lesion, whatever its depth. 

In the Krlangen method, the object of the treatment was to deliver the whole 
of the requisite dosage within the sjiace of u single day. This usually involved 
submitting the patient to several hours of continuous irradiation, in the course of 
which severe X-ray sickness was usually experienced. The method has now fallen 
into disrepute, hut in judging it we must remember that it was the first accurate 
method of deep therapy and it produced results not previously obtained. 

At the present time, in the treatment of malignant disease, the method 
employed is one or other modification of the intensive split-dose method in which 
the treatment is given us a series of daily doses user a period of several days up 
to a few weeks. The aim is to apply the maximum dose that can be tolerated 
by the healthy tissues without undue damage to them. It is not yet known what 
is the optimum time over which the treatment should he spread, nor is it known 
what is the optimum interval between individual doses. In the so-called “ Coutard 
method " the treatment is applied twice daily, and extends over a varying time up 
to G weeks, and more recently up to 3 months. 

Among other questions which are not yet settled is that of the intensity 
factor. Coutard prefers a very low intensity — 2 to 3 r. per minute. On the other 
hand, the writer’s recently introduced method for the treatment of carcinoma of 
the oesophagus is a high-intensity method and gives a high proportion of immediate 
good results, several patients being alive and able to swallow more than two years 
after treatment. 

The object of all these variations in technique is to find the combination which 
will do the most damage to the cancer cell and the least to the normal tissues, 
and, with so many variable factors, progress must necessarily be slow. It may 
well be that differeut combinations will be required for the different types of cancer. 

\ Ol. in. — 3 m* 5389 
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Turning now to a consideration of the disease itself, there are two factors 
which influence the response of a malignant growth to radiations, namely, the 
distribution of the disease in the patient, and a factor peculiar to the growth itself 
which is termed “ radio-sensitivity.” 

From, the point of view of distribution of the growth, the cases may con- 
veniently be considered tinder the following headings : (1) Primary growth only 
discoverable ; (2) Primary growth, with metastases in regional lymphatic glands ; 
(3) Primary growth, with or without regional metastases, but with an apparently 
isolated distant secondary deposit ; and (4) Cases iu which the disease has become 
generalised. 

(1) The cases in which the disease is apparently limited to the primary growth 
are, in general, the most favourable. In such of these as fall within the radio- 
sensitive groups (e g. carcinoma of the palate, carcinoma of the cervix, carcinoma 
of the testis), disappearance of the growth with adequate X-ray treatment may 
be expected in the majority of cases. It must, however, be understood that the 
disappearance of the growth does not necessarily mean the cure of the disease, 
since m a proportion of cases unsuspected secondary deposits become obvious at a 
later date, and in a further proportion of cases, local recurrences occur after a longer 
or shorter time, even after a period of years of freedom. 

(2) In the cases in which regional lymph glands are involved, the prognosis is 
poor, and especially is this true when cervical glands are involved secondarily 
to growths in the mouth and throat. Thus a carcinoma of the naso-pliarynx 
without glandular involvement is a favourable growth for X-ray treatment, and 
offers a real prospect of cure But when cervical glands liave liecome involved, 
the prognosis is materially worse, although a chance of eradication of the growth 
still exists. Usually, however, when cervical glands have liecome extensively 
involved, secondarily to a growth in the mouth or throat. X-rays can offer hope of 
palliation only, and not of cure. 

(3) The presence of remote secondary deposits is, in general.a contra-indication 
to X-ray treatment, since experience shows that such secondary' deposits are 
practically never isolated, even although they may appear to be so. There are, 
however, certain important exceptions to this rule. }]ost important among these 
are the isolated secondary deposits m bone which result from carcinoma of the 
breast and which frequently occur in patients who appear otherwise to be in 
excellent general condition Such deposits, if allowed to grow unchecked, may 
entail great suffering Pathological fractures may result in the patient being 
compelled to spend the remainder of her life, perhaps months or even a year or 
two, bed-ndden, and paraplegia may result from, such deposits in the spine. 
Fortunately these bone deposits respond well to X-ray treatment. The growth is 
destroyed and bone re-forms, so that the patient may retain a useful limb, and para- 
plegia may be warded off, or even reliev ed when it has already occurred. It is not 
uncommon for patients to live useful lives for two, three, or even more, years, 
after secondary deposits in bone have been treated in this way. Another notable 
exception to the rule that remote secondary deposits contra-indicate X ray treat- 
ment is in the case of testicular growths. Indeed, few testicular growths are too 
advanced to derive some benefit from X-ray treatment, and many patients have 
lived useful lives for many years after X-ray treatment of massive secondary 
deposits in the lumbar region arising from such growths. 
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(0, A malignant grmvtli with gomirali>ed secondary deposits offers ho little 
pro-qieet of hem-lit from X-ray therapy that it is rarely justifiable to make the 
attempt to apply it. It is not uncommon to bo presented with a patient whoso 
{teneral condition is apparently good, and yet who, on examination, is found to 
ha\c multiple secondary deposits. In such a case, the temptation “ to do some- 
thin}: " is great. It is. how cm- r, just in these cases that ill-advised attempts at 
X-ray treatment do most harm, for the reduction in the general condition brought 
about by the treatment nuv start the patient on the downward path, .so that 
he rightly dates the beginning of his break-up from the l>eginning of his X-ray 
treatment. The only exceptions to the rule that generalised malignant disca.sc 
is a contra-iitfiie.it ion to X-ray treatment are the cases in which urgent pressure 
symptoms can !>o referred to a put icul.tr growth deposit. In such cases it is 
justifiable to attempt to relieve symptoms by irradiating tlio deposit responsible, 
and especially is this the case if the disease is of a tyjns w Licit is know n to be radio- 
sensitive. 

Definition of find ubtcimfivity. 

M iien a tumour is said to be " radio-&eimti\c, n it is iu« ant that it can he made 
to disapl>ear by a «Iom» of radiation that produces little or no damaging effect 
upon th« normal tissues. local or remote. Sonic growths are highly radio-sensitive 
and can l>e made to disappear by a dose of X-rays which is well within the limits 
of tolerance of the normal tissues. Among thcM- arc the lymphosarcomata, the 
saninomat.-i of the testis, arid certain brain tumours (medulloblastomata). 
Although such growths almost invariably rcsjxmd well to X-ray treatment, the 
frequency of secondary dcjKiMts renders the prognosis bad, in spite of the radio- 
seusitm* nature of the growth. However. those growths, when once successfully 
treated by X-rays, do not tend to recur finally. and if the patient has been fortunate 
enough to esc.i j>e the formation of .secondary dejtosits there is a chance that a 
jH’niiuncnt cun* may be obtaimsl. TJie WTitcr has several cases of lymphosarcoma 
that art* well ami at work after jKrriods of several years. 

The growths for which the destructive dost* is somewhat greater but still 
falls within the limits of tolerance of the healthy tissues may be termed “ moder- 
ately radio-sensitive.” Perhaps the majority of malignant growths belong to 
this group. They are incomparably more difficult to deal w ith by X-rays than the 
previous group, because the margin of safety is small, and the greatest accuracy, 
both in equipment and technique, is therefore demanded, coupled with experienced 
judgment iu the interpretation of radiation effects. Every malignant growth 
requires its certain minimum dose of radiations to produce any damaging effects 
upon it at all, and the hasty abandonment of a course of treatment once embarked 
upon before this dose has been given will leave the patient in worse condition than 
if no treatment had been given at all. On the other hand, failure to recognise 
the danger signals, and persistence in a course of treatment in spite of them, may 
lead to disaster. 

Among the radio-resistant growths (c.g. carcinoma of the stomach or rectum, 
and fibro-sarcoma)are classified those in wdiich the margin of vulnerability between 
the growth and the normal tissues is so small that it can scarcely be said to 
exist. These growths offer little or no prospect of benefit from X-ray treatment at 
present, although it js hoped that they also will eventually yield to imple- 
ment in technique. 
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PROGNOSIS WITH X-RAY TREATMENT IN >WUOSAS1 1>VSEASE 

Carcinoma of (he Skin is a radio-sensitive growth and gives excellent and per- 
manent results with high-voltage X-ray treatment provided that bone has not 
become involved. If bone is involved, however, the outlook is bad unless the 
diseased area can be cleanly removed surgically. Operation can often be facilitated 
by previous X-ray treatment, and it is astonishing how large, foul, fungating 
growths will melt away, leaving only the portion which is attached to hone. If, 
however, the uhde of the ulcerated area cannot be made to heal within a reason- 
able time, recurrence w ill inevitably make its appearance. These remarks applj 
equally to rodent ulcer and to squamous-ccllcd epithelioma. 

Mouth and Throat The most radio-sensitive growths in these regions arc those 
originating respectively in the palate and the naso-pharynx. These growths yield 
to X-ray treatment in a high proportion of cases, and even when cervical glands 
are involved provide a proportion of cases with five-year freedom from recurrence. 
It is a curious fact that these observations apply to all growths in these two sites, 
whatever their histological characters, thus illustrating what has previously been 
stated, that the sensitivity of a growth frequently depends more on its site of origin 
than upon its histological structure. Except in very small and localised lesions, 
all malignant growths of the palate and post -nasal space should be treated in the 
first place by high voltage X-ray therapy in preference to interstitial radium. 

In contrast to the palatal and naso-pharyngeal growths, carcinoma of tho 
tongue and vallecula, and of the tonsil, and extrinsic carcinoma of tho larynx tend 
to be resistant to X-ray treatment and should be treated by radium wherever 
practicable. Carcinomata of the lower pharyngeal wall and also of the post- 
cricoid region vary in their sensitivity and give a small proportion of five-year 
results. 

Respirator y SysUm Intrinsic carcinoma of the larjnx tends to bo a radio- 
sensitive growth It gives rise to metastascs in glands only late in its history, 
and is therefore particularly suitable for local treatment by the radium fenestra- 
tion method. It is not yet possible to say how the results of X-ray treatment 
compare with the results of radium applied by this method, but the proportion 
of successes is comparatively high. 

Bronchial carcinomata, the so-called carcinomata of the lung, give, on tho 
whole, bad results, although occasional successes arc encountered (fig. 2920), 
The results m carcinoma of the lung are in contrast to thoso obtained in growths 
arising primarily in the mediastinum, in which dramatic results are often 
produced A fair proportion of patients with mediastinal growths survive for 
several years, although sooner or later recurrence is the rule. 

Alimentary Trad. Reference has already been made to the writer’s treatment 
of carcinoma of the oesophagus. This method was first introduced in April 1933, 
and although it is as yet too early to judge of its ultimate value it may bo said 
that m a high proportion of cases normal or almost normal swallowing may bo 
restored Several patients are alive and well two years and upwards after tho 
treatment {fig. 2927). In a proportion of cases fibrous strictures occur at a later 
stage (see fig 2923). 

As affecting the remainder of the alimentary tract, malignant disease offers 
but a poor field for X-ray treatment. Carcinoma of the stomach and carcinoma 
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of the rectum are both radio-resistant growths, and carcinoma of the colon is 
beat treated surgically. It must, however, be mentioned that superficial secondary 
deposits from carcinoma of the rectum often yield to X-ray treatment. 

Gemto- V unary System. Renal tumours are often radio-sensiti\eand quite large 
masses may disappear following X-ray treatment. Recurrence may occur after 
a few months, but occasionally the patient may remain well for several years, A 
combination of irradiation and surgery, whenever possible, should offer a chance 
of more permanent success. The so-called Wilms tumours occurring in children 
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in the future that by applying a second coun>o of treatment before recurrence 
is actually observed, improvement in the results may be effected. 

hi rarrinonu of tJip bladder, considerable palliation may often be achieved 
by X-ray treatment. Hwmorrlmj'e may be relieved, v» ith lonseouent relief of the 
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of the rectum are both radio-resistant growths, aud carcinoma of the colon is 
best treated surgically. It must, however, be mentioned that superficial secondary 
deposits from carcinoma of the rectum often yield to X-ray treatment. 

Gemto-U rinary System. Renal tumours are often radio-sensitive and quite large 
masses may disappear following X-ray treatment. Recurrence may occur after 
a few months, but occasionally the patient may remain well for several years. A 
combination of irradiation and surgery, whene\ er pos>ible, .-should offer a chance 
of more permanent success. The so-called Wilms tumours occurring in children 
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in the future that by applying a hccond course of treatment before recurrence 
U actually observed, improvement in the results may be effected. 

Iu carcinoma of the bladder, considerable palliation may often be achieved 
by X-ray treatment. H.emorrhage may be relieved, with consequent relief of the 
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of the rectum are both radio-resistant growths, and carcinoma of the colon is 
best treated surgically. It muat, however, be mentioned that superficial secondary 
deposits from carcinoma of the rectum often yield to X-ray treatment. 

Genito-brinary Sydan. Renal tomours are often radio-sensitive and quite large 
masses may disappear following X-ray treatment. Recurrence may occur after 
3 few months, but occasionally the patient may remain well for several years. A 
combination of irradiation and surgery, whenever possible, should offer a chance 
of more permanent success. The so-called Wilms tumours occurring in children 
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tu the future tli.it by applying a second course of treatment liefore recurrence 
is actually oliscrvcd, improvement in the results may be effected. 

In carcinoma of the bladder, considerable palliation may often bo achieved 
by X-ray treatment. 1 hemorrhage may bo relieved, with consequent relief of the 



pain due to the passage of clots. Little more than palliation, however, can be 
hoped for in this disease. 

Testicular growths are among the most radio-sensitive met with, especially 
the so-called seminomata of the testis. These growths melt away with quite small 
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doses, and even abdominal deposits may often be got rid of for periods of years. 
Indeed, it is not too much to say that there are few testicular growths that are too 
advanced to offer a prospect of benefit by X-ray treatment. 

Carcinoma of the Breast. Although it is difficult to find conclusive evidence, 
it is probable that the results of X*ray treatment alone are inferior to those of 
surgery in the treatment of operable carcinoma of the breast. On the other hand, 
it is beyond doubt that in a large proportion of cases carcinoma of the breast is a 
radio-sensitt% e growth, and in view of the fact that operable curability and radio- 
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sensitivity depend respect ivcly on such very different factors it seems hut reason- 
able to combine the two methods of treatment in the hope that at least a partial 
summation of the results may be obtained. 

For this purpose, the operation may be preceded or followed by irradiation, or 
both pro* and post -operative irradiation may be given. The latter is probably the 
ideal method and is that practised in Stockholm. 

As regards inoperable carcinoma of the breast, great improvement may be 
effected by X-rav treatment and frequently the growth may be rendered operable. 
Occasionally, veryextensive breast growths with axillar.vand even supra -clavicular 
gland involvement may diMpjcar completely after X-ray treatment, hut this is 
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exceptional and a more usual result is reduction in size of the growth which may 
then remain apparently inactive for a longer or shorter period before recurrence 
or secondary deposits appear. 

X-ray treatment is unfortunately of no value in prercnling the occurrence of 
secondary deposits in carcinoma of the breast. Its value, how ever, in the treatment 
of isolated bone deposits has already been referred to (see figs. 2929 and 2930). 

Cerebral Tumours. Of the malignant neoplasms that occur in the brain, only 
the medulloblastomata arc highly radio-sensitive. These growths are most 
commonly found in children, and usually affect the cerebellum. They rapidly 
respond to X-ray treatment, but it is important in these cases that the treatment 
of the primary growth should be followed by irradiation of the whole length of 
the spinal canal ; if this is not done, deposits of the growth almost inevitably 
make their appearance at different levels in the spine. 

Spongioblastomata arc moderately radio-sensitive growths, while the astro- 
cytomata tend to be radio-resistant. 
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Of the pituitary tumours the eosinophil adenomata give the best results, while 
the chromophobe "adenomata are, on the whole, resistant. Malignant pituitary 
tumours are often radio-sensitive. 

Sarcoma of Bone. A certain proportion of cases of bone sarcoma responds 
jo X-ray treatment in a most dramatic fashion, and in a few instances the 
patient has survived without recurrence for many years (see fig. 2931). Unfortu- 
nately, however, whether the primary growth responds or not, the end in the 
majority of cases is the same, and the patient dies of secondary deposits. In many 
cases X-iavs are of neat palliative value, inasmuch as they arrest the growth of 
the primary lesion, and so avert ulceration and much suffering. In cases in which 
the sarcoma affects a long bone, it is unwise to delay amputation in favour of X-ray 
treatment, since so long as the primary growth is allowed to remain it must he 
regarded as a menace to the patient’*, life from the production of secondary deposits. 
There is, however, evidence that a combination of X-ray therapy and surgery 
offers some hope of eradication of the disease. Of 32 cases of bone sarcoma 
treated by X-rays and surgery, and by X-rays alone, at St. Bartholomew’s 
Hospital from 1931 to 1934, eight were well and without evidence of the disease in 
Slav 1933. 

XOX-JIALIOANT DISEASES 

The aoa-mahgnant conditions which may be treated by X-rays can be classified 
as follows : 

(1) Various diseases of the skin, including keloid and contracted scars. 

(2) Certain acute inflammatory conditions — boils and erysipelas. 

(3) Certain chronic inflammatory conditions, simple and tuberculous. This 
group may be farther sub-divided as follows : (a) Chronic enlargement of lym- 
phatic glands, usually tuberculous : (h) Tuberculosis of the larynx ; (c) Tuberculous 
peritonitis ; (</) Certain forms of chrome arthritis ; (e) The earlier stages of simple 
enlargement of the prostate , (/) Septic and tuberculous sinuses ; and (#) Actino- 
mycosis 

(4) Chronic Ieuksmus. 

(o) Lymphadenoma 

(6) Hyperthyroidism. 

(7) Certain gynaecological conditions. 

(8) Chronic mastitis. 

*9) Parotid cysts and fistnle 

(10) Certain neoralrias : (a) Post herpetic ; (6) Trigeminal. 

Dis&uee of I he Sb» The treatment of the non-maIign30t diseases of the skin 
by X-rays, with the exception of keloid scars, usually falls to the lot of the der- 
matologist. and it will not be further discussed here.' 

Keloid [scats respond aell to X-ray treatment. The best results are obtained 
from Ike bright red emigrant type of keloid. X-rays are definitely superior to 
radmrn. but the dosage most be eorreet andthetechnique accnrate ' Usually to o 
or three exposures are sufficient at intervals of several weeks. The final result is o 
fiat smooth white scar, but it must be remembered that the superficial extent of 
the star is the same as that of the preeedma keloid, and therefore if a linear 
sear u desired the X-ray treatment is best combined vrith excision. X-ravs are a 
valuable prophylactic against keloid formation in operation scars, one eiposure 
being given before and one after the operation. 
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.Unit InjhiMimilory Vomhltou*. lUuurkiblc n suits are* o{Un produced by 
the application of tiny don 4 of X-njn in the ticatnu nt of boils and carbuncles. 
In in my c.lm s the a palliation of a single dose will effect the rapid resolution of 
a boil or a crop of boils X ray tnatnnnt is of special value 111 cases of recurring 
furunculosis. Good results have also been re {totted m the treatment of erysipelas. 

Enhirynl (ilaiuls The treatment of glandul »r enlargements, usually of 
tuberculous origin, will vary with the condition of the glands Long standing 
enlarge m< nts which i*hovc no evidence of breaking down arc best ticated by small 
weekly detacs of moderately bird rays for mv to eight weeks, ami the results are 
excellent Larger dose 4 m»y had to a quicker result, and mav she the patient 
a certain numbe r of ex|K>sures but thev mv oho the risk that the glands nny break 
down. 

Glmds winch are* more acute in ihirictir, or show a Undtnev to breaking 
down, have to be given still smaller do*«s at Week!)' or slightly shorter intervals 
over a longer]* nod An ext it-dingly important jjoint is that whenevtr lluituation 
is detected the glands should be aspirate d unde r the most stringent aseptic condi 
tions Tiny should never be allowed to discharge spontaneously if this can 
possibly be avoided, and it is frequently found that a mass which has had to be 
aspirated on sound ocousioni 111 «y disappear without a sums or indeed without 
a trace of its presence being left on the surface (m e uLso page 1119 ) 

In this, as m otlier chrome mtlanmutory conditions the ehromcitv of the pro 
tess is due to.or at any rate* contributed to by. the packing of the tissue spaces with 
the lymphocyte 4, which arc characteristic of chrome inflammation Now the 
lymphooy us arc among the most sensitive nils in the body to radiations , in 
fact, a blood count on any patient who lus had intensive irradiation invariably 
shows a ltU(o}tnu which may |*r>Jst for weeks It is therefore reasonable to 
suppose that the* rays act by destroying many of the cells which pack the inter- 
stices of the gland, thus inducing an increased circulation through the gland, and 
an inflammatory reaction depending 111 mtciisitv upon the dosage applied In fact, 
therefore, what we* do by our X ray treatment is to induce and keep up an inflam- 
matory’ reaction of a grude which can be controlled by the dosage, so that the 
tuberculous or other infective process is dealt with by the tissues much more 
energetically than it otherwise* would be The after effects of the treatment are 
negligible Tuberculosis of the larynx and other tuberculous conditions arc treated 
on the same hues 

Chrome Arlhrtl, is X rays arc frequently recommended for the treatment of 
chronic arthritis Except in the ease of spondylitis, where remarkable results are 
occasionally* seen, the writer has personally had little success in the treatment of 
these conditions 

Vnhtrgul Prostole The treatment of prostatic hypertrophy by X-rays is only 
advised in the stage before the urine has become infected, and even then only in 
the presence of some eontra-mdication to operation Only* when comparatively 
large doses are applied are successes obtained, and such doses are associated with 
the same unpleasant temporary’ effects as are seen m the treatment of malignant 
disease 

Actinomycosis This condition sometimes yields to X-ray treatment There 
are two methods of application In the first method, whieft is the more rapid m its 
result and probably gives the higher proportion of successes, a single large dose 
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is smJicd to Ills affa-tcd region. This is folios «1 !->' K™ local and constitu- 
tional reactions, after which healing usually otcurs. In the “ic.n.1 method, small 
doses are applied at intervals of several days, and the treatment may have to be 
kept up for several months before a result is obtained. Improvement n usually 
manifest after three of four doses, ami no unpleasant reactions follow the treatment. 

LcukauiUi. The use of X-rays in the treatment of this disease, or rather 
group of diseases, is practically confined to the more chronic types. Iwccept for 
palliative purposes in the relief of urgent pressure symptoms, e g. greatly enlarged 
cervical glands pressing on the trachea, X-ra) s have no place in the treatment of 
acute leukaemia. 

Chrome leukaimia cannot be cured by X-ray treatment, although marked 
temporary improvement can lie obtained. The patient after a course of treatment 
improves ui general health; he loses his dyapnu*a ; his ankles texse to swell; 
the spleen, which may be enormous to la-gin with, recedes so that it cau no longer 
be felt: the red blood-corpuscles mui-ase to normal, and with them the ha-ino- 
gloVnn ; and, the most striking ol ah, the white c* \Vc ate reduced to normal total 
numbers, and in myeloid leuka-mia usually to approximately normal projior! ions, 
In recent tears we have learnt to guard against tin- dangers which were formerly 
associated w ith the treat mi tit of this disease, and w itl* greater exactitude of dosage 
our treatment is under more exact control. We can. therefore, sis a result of our 
irradiation, anil without undue danger, bring the patient to a state tlusely 
approaching normality He feels tatter and is able to go about his work more 
elhciently for the greater part of the span of life that remains to him. On the other 
hand, it is probable that on the whole life is not very greatly prolonged ; but 
although the duration of life is not greatly increased its quality Is much improved 
by the X-ray treatment. Thus the patient who, without X-rays, would lie 
doomed to iqieiul the greater part of the remaining months or years of his life in 
his bed is, as a result of X-ray treatment, restored to fair comfort and ability to 
work until quite shortly before the end 

The X-ray treatment of leuknnua is best applied as a short semi-intensive 
course, with the object of reducing the w lute count to from 8000 to 1 0,030 per c.mm. 
It is found that it is only when the white cells are reduced to this level that the 
longest remissions are secured. On the other hand, experience and judgment are 
required if the leucocyte count is to be brought as low as this without undue danger. 
It should be remembered also that the count continues to fall for two or three 
weeks after the X-ray treatment has been completed, and therefore treatment is 
usually stopped when the white count has fallen to 15,000 or 20,000. 

Lymphadetioma Hero again we have to deal with a disease which, although 
incurable, is greatly relieved by X-ray treatment. Xot only can local swellings be 
made to disappear wherever they arise, but the peculiar toxemia associated with 
the disease can be held in check for a longer or shorter time. Ultimately, how ever, 
extensive abdominal and thoracic deposits appear which herald the end. The out- 
look with abdominal and thoracic deposits is necessarily grave, but recent ly a form 
of X-ray bath " treatment has bcc-n developed at St. Bartholomew’s Hospital 
which ha3 enabled ti3 to secure quite long further remissions even in these cases. 

The average duration of lymphadcnoma with X-ray treatment is a fewr years 
after coming under o bservation , but it is not uncommon for cases to go on for eight, 
ten, or even twelve years. 



5401 


DEEP X-RAY THERAPY 

Hyperthyroidism. The value of X-rays in the treatment of hyperthyroidism 
has now Wen placed beyond any reasonable doubt, and a high percentage of 
successful results is obtained in suitable cases. The cases that do best are those 
which occur in association with the changes of puberty and the menopause, 
although good results are often obtained at other ages also. It should be noted 
that the term “ successful ” must not be held to imply a perfect cure. The pulse- 
rate is restored to normal, as also the weight, and the patient becomes less nervous 
and excitable. The basal metabolic rate a ho becomes approximately normal. 
The exophthalmos, however, rarely completely di^upjx.irs and is often only 
moderately improved. 

X-rays trrsus Ofxration in llyjicrtliyroidisiii. In comparing the relative merits 
of X-rays ami operation, the immediate and obvious disadvantage of the radiation 
treatment is the length of tune required to produce a result. Improvement only 
begins two or three weeks after the treatment has Wen instituted, and takes 
several months to Wcome complete. If the jut lent is a wage-earner, it will often be 
considered advisable to operate rather than to await the results of X-ray therapy, 
except in the case of the hyperthyroidism of puWrty, where the results are so good 
as to render a trial of X-ray therapy desirable m the majority of cases. It is often 
stated as one of the objections to X-ray treatment that late effects on the skm 
in the form of telangiectases and pigmentation an’ liable to be produced. While 
this was true in the days when soft rays wen* used in the treatment, it certainly 
is not true of modem treatment, m which the use of fairly penetrating rays per- 
mits of the requisite dosage to the deeper parts of the gland with comparatiscly 
low skin dosage. 

The course of hyperthyroidism under treatment by X-rays is as follows: 
First, the weight increases, and some improvement may be noted in this respect 
after a single dose. Next, the pulse-rate Wgins to fall and, m favourable cases, 
continues to fall steadily throughout the treatment. Diminution in the tremor 
and nervousness soon follows, and improvement in the eye signs occurs last of all. 

Treatment is applied weekly for about two months, and a second course may 
be required after an interval of two or three months. Dosage is low, about a quarter 
of a U.S.D. on each occasion. 

Gyntrcdogical Conditions. These arc mast easily discussed if we classify 
uterine lurmorrliagc due to other causes than malignant disease, with special 
reference to the mode of treatment under consideration. 

We may first sub-divide the causes of uterine hemorrhage iuto functional and 
organic. Functional haemorrhage occurs at two epochs — puberty and the meno- 
pause. Except in cases of such gravity that life is threatened, X-ray treatment 
should not be employed in the haemorrhage of puberty. However, in cases of 
sufficient gravity. X-ray treatment is always to be preferred to hysterectomy, 
since the sterility induced by X-rays in such cases is only temporary, persisting 
for a few' years. Moderate doses only are required, and the reaction induced by the 
treatment is not severe. 

In functional menopausal luemorrhage. X-ray treatment is the treatment of 
choice, the results are swift and certain, and the after-effects transient and of little 
account. 

As regards the ha?morrbages of organic origin, these may be due to a variety 
pf causes, although the greater number are associated with the presence of fibroids. 
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Tuberculosis and other chronic inflammatory conditions of the adnexa may also 
be responsible. Space does not permit of a consideration of these conditions in 
detail, but it is possible to make certain generalisations which apply to all of them. 

In. the first place, since in most cases the treatment involves sterilising the 
patient. X-rays should not be employed in the tieatment of non-malignant 
pelvic disease in. the female m the child-bearing age. There arc only a very few 
exceptions to this rule. Only when the disease is so extensive as to preclude any 
possibility of a future pregnancy or when it is progressive (for example, advanced 
pelvic tuberculosis) so as to threaten life, or when no other treatment is possible, 
is it justifiable to apply X ray tieatment in women under 40 years of age. Between 
that age and the menopause the contra-indications may be somewhat relaxed, 
but under the age of 45 such treatment should not be applied without careful 
consideration. 

Although temporary sterilisation, with subsequent complete recovery of 
function, can be earned out in patients under 40, and is often recommended in 
the treatment of various conditions, it is not, in the writer's opinion, justifiable, 
except in the presence of one or other of the indications referred to. Mental 
changes may be serious after sterilisation of young women, but in older women they 
differ in no way from those of the normal menopause. 

Chronic Mastitis. In a considerable proportion, perhaps half, of the cases of 
chronic mastitis, complete, or almost complete, relief of symptoms can be obtained 
from X-ray treatment. Although the condition is usually bilateral, it is commonly 
more advanced on one side, and it is a good plan to begin by applying the X-ray 
treatment to that side In tins, improi einent can be more accurately estimated, 
and if a successful result is obtained, the opposite side can then be treated. 
Symptomatic relief m the successful cases is striking and often dramatic, aud 
although the objective improvement may lag somew hat behind the symptomatic 
relief, the breast is often eventually restored to an apparently normal condition. 
A note of warning may here be sounded As has been previously indicated, the 
X-ray treatment of malignant and non-malignant conditions is carried out on 
entirely different hues, and the treatment for chronic mastitis would be useless 
m a case of carcinoma It is quite wrong, therefore, to refer a case for X-ray 
treatment with a diagnosis of chronic mastitis, with the mental reservation that 
even if the breast contains early carcinoma the X-rays will do some good. 

The X-ray treatment of chronic mastitis is applied b the form of weekly 
doses of moderately hard rays Moderately hard rays are used in order to secuie 
the requisite dosage in the depths of the gland while avoiding heavy irradiation 
of the skin. No skin changes are produced, and should intensive X-ray or radium 
treatment be subsequently required for carcinoma, its effective execution will not 
be prejudiced. From six to twelve weekly doses may be required for each breast. 

Parolul Cysts and Fistula;. It is not generally known that complete sterilisa- 
tion of the secreting tissue of the parotid gland may be effected with ease and 
certainty by accurately measured doses of X-rays. In this way relief may bo 
obtained in tins uncommon, though very distressing, group of conditions. 

Certain Neuralgias. _ dent relief is quickly obtained in a proportion of cases 
of post-herpetic neuralgia by the application of X-rays to the posterior nerve-roots. 
In the same way, relief may be obtained in tic douloureux by irradiation of the 
Gasserian ganglion. The inode of action is not known. 
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CHAPTER I 

Shock 

There is an aphorism that “ shock is luemorrhagc and hicmarrhage is shock ” ; 
like tiuny such phrases, it is a h.iif-truth. hut it has a practical value — i.e. that 
shock is avoided or retarded by mini mbs mg Iwinorrhage. Shock describes the 
condition of a patient who is suffering from a serious depression of the vital 
activities of the body after an injury (used in the widest sense) ; it may terminate 
fatally. In varying degrees it develops after all insults— physical, bacterial or 
mental. 

For years, two forms of shock have been described — primary and secondary, 
a classification of clinical value, but one which suggests— incorrectly, for shock 
appears to be a continuous phenomenon— that they are two separate procefc.es. 
Primary shock is popularly referred to as a ** faint.” It is of rapid onset, and the 
patient loses or almost lo-.es consciousness. -Vs a rule, recovery soon follows in 
response to treatment. Secondary shock is a more serious condition. It is 
characterised by a complete and continuous collapse which develops gradually, 
or occasionally suddenly, one to twelve hours after an injury or au operation.' 

Primary shock is believed to result from a sudden cerebral an.emia. It is 
associated with : (1) severe emotional up-cts— c.g. the sight of blood, an accident, 
or the receipt of unpleasant new* ; (2) slight but painful mishaps, such as a cut 
finger or the prick of a hypodermic needle ; (3) severe injuries ; (1) the fearful 
anticipation of an operation, major or minor ; (3) the initial skin incision of an 
operation. (The opening of the peritoneum or of the dura mater sometimes pro- 
vokes a temporary co)Lip*o or, rarely, even death.) 

The signs and symptoms of primary shuck are sudden loss of consciousness, 
and extreme pallor w ith slightly cya nosed greyncss of the nose and ears. The mind 
is inactive, lapsing into unconsciousness, which is perhaps interspersed with periods 
of apathy or emotionalism. The pulse is small or impalpable. The blood-pressure 
is scarcely recordable, occasionally for as long as an hour. Respiration may 
be so quiet that the movements arc imperceptible ; it may be Cheyne-Stokes in 
character, or may consist of prolonged sighs — three or four to the minute. The 
sphincters sometimes relax, with the passage of urine and fa?ccs. The voluntary 
muscles are completely flaccid, and purposeful movements are in abeyance. This 
state lasts for a few seconds or even forsevcral minutes. Recover}* follows gradually 
on the application of simple measures such as looseuiug tight clothing, bathing the 
face and neck with cold water, introducing fresh air, bringing ammonia or carbon 
dioxide to the nostrils, laying the patient down, or pressing the head between the 
knees. The effects of the condition are transient and seldom immediately fatal. 
When consciousness returns, a drink (hot or cold) or a drachm of sal volatile 
furthers recovery. 

The marked fall in blood-pressure is probably due to sudden inhibition of the 
6405 
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vasomotor centre from a stimulus to tie central nervous system, ami is usually 
temporary. Although the pressure may be so low as to be unrrconJable, patients 
usually recov er. Occasionally, however, the diminution of Wood-pressure persists 
and death occurs. There is no reduction in blood volume .is in secondary shock, 
so that no ill-effects develop so long as the circulation to the vital centres of the 
brain it maintained. 

Tin* connecting link between primary and secondary shock may be the 
cumulative effect of the continued low- Wood-pressure, prolonged by the nature, 
the extent, and the effects of the injury The oxygen requirements of the tissue 
cells hi the average patient can l»c satisfied by a systolic blood-pressure of SO mm. 
Ug . hut if the tension falls to and remains at 70 mm. or less for some time, then 
cellular anoxamu occurs, and. aggravated by other factors, the state of secondary 
shock develops 

Sccoiultinj thud. jarttcuLirly follows three types of injuries; (1) Those 
.utwuted with ha montage and tnu-clc trauma; (2) Bums, especially of the 
second and tlunl dignc*,; and (3) Alxlommal catastrophic*, chiefly those inter- 
fering with the blood supply of the Israel. 

Lo%s» of blond in an injured or sick person rapidly brings on shock. If an 
injur* d imimal u bled it cjuickly dies after losing a volume of blood which scarcely 
affcm a similar healthy animal. Large contusing injuries involving muscles, 
skin, mam blood-vessels and joints, and grow trauma to the chest, aUlomen, 
neck, kidney area, testicles, or spinal column and coni are associated with marked 
shock Although considerable batuorrhage may be a factor, shock tail still 
devilop even when it is slight or apparently absent— fur example, patients with 
bums or simple frat ture of the femur frequently die of shock. In extensive super- 
ficial hums or si aids the multiple and continued painful stimuli to the uervous 
system probably play a large part. atui the luhsoflargc quantities of serum from the 
affected area has a detruui ntal effci t The absorption of burnt tissue contributes 
to the j» rmtctKc of the shock A perforated ulcer or wound of the stomach, duo- 
denum or l»owel, and the rupture of an iihscc-s mto the peritoneal cavity arc shock* 
prodm mg accident a Interference with the blood supply to tho intestines, as in the 
use uf a strangulated loop of ImiwcI or acute intestinal obstruction, is, unless 
promptly relieved, complicated by a serious dvgie© of shock which responds to 
treatnunt tardily or nut at all. 

AH hurgie.il proo-durc* are associated with a certain degree of slunk, but some 
cau-e more than others In this category are mtra-crauul ami intra-thomcio 
injuries am) op rations, handling of the mtestmes and pulling on the mesentery, 
manipulation of the common bile-duct or of the urinary Madder neck, wide 
rx|«vure« of the shaft of the femur (oqiocutly u, children), high amputations 
through the thigh or hip- joint, and surgery alwmt the anus. 

n. dy.pn,va and njidny u»ual ,|utm s lirfA a,ia,i|,vaia oil Ml Mood 

- ‘ ' l<,n ".' P if i„arkv«l dutin fi n Up.iMo.ny llm so-calW 

1 pori-op, nlnt <1.-1 •' of al-loimru! dhtenm I* pmliit„l ..(moot »ill> 
.. tun, IV A furtlicr of cvaluoiv un.l tmovk rigidity U a ,i«c of Muod- 
|.ivM,ito oliil oil incrvase in Idwdinit, »l,nh mxupi,., valualJo time in muddmi#, 
ami III dippmi: and tynifl oil ivaa-Ii. Fiirtliennotv, .troop rvlr.uti.m U ntermary, 
and the operation is difficult and prolonged. 

Thm «,* .civntl ronlribnlory cau-» of wcomlaty ,l,otk. Continued pain 
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stimulates .nul oxh.ui.itd the adrenal ami .syinp.it lie tic nervous systems. It is 
piesent iti varying amounts in all injuries, but is e«j>oeially .severe in burns of the 
second anil third decrees. Loss of body fluids from starvation, thirst, profuse 
sweating, vomiting or diarrbuu, ooze of scrum from second decree burns and 
ha-morrhage are important. Lick of warmth is another factor. Mental stress, 
fright, anxiety, physical fatigue, etc., arc found particularly in wounded soldiers, 
ill the victims of explosions, ami in those who have met with road or train 
accidents. Debilitation by previous illness, such ns typhoid fever, pneumonia, 
chronic gastric ulcer, malignant disease and amemia, renders patients readily 
susceptible to shock. 

%im fintl Sy w {Joins of Scaiinhmj Shuck. Here the skin, especially that of 
the fingers, toes, ears and uom* Is cold, shrunken. |»ale or ashen grey, or cyanotic. 
It is moist from profuse sweating with consequent loss of heut ami dual. The 
respirations are slow and idullow and may be imperceptible. The breath feels 
cold to the hand ; this is a valuable but serious sign, so that restorative measures 
must be started promptly Ik- foie the jjower of rcsjxjn.se is lost. The pulse is 
\ariable. occasionally irregular, even impalpable ; it nuy be rapid, esjiceially 
after muscle trauma, but sometimes it is slow jierhaps under 7b, as m the early 
stages of perforation of the stomach or bowel. The heart uoumU are soft. The low 
blood-pressure is the most significant measurable factor of secondary shock. A 
systolic reading Mow Hi is not unusual, w Inlst the diastolic figure nuy be obtained 
with ditlicultv or jterhaps not at all. The temperature is usually sub-normal, but 
is occasionally raised a few point*. ami m burns hyperpyrexia is not unusual. The 
locomotor system is flaccid anil weak. Tlu* patient. when urged, will \oluntariIy, 
slowly and feebly move the uninjured parts, but otherwise lies quite still, occa- 
sionally mauling feebly. The victim is generally semi-conscious, hut is apathetic 
and indiflt rent to his surroundings, looks unx r ous, and does not talk. The volitional 
processes arc dull and slow. Insistent questions are answered deliberately after 
a pause. Absolute immobility . both mental and physical, is the characteristic of a 
patient suffering from shock. The pupils arc dilated but react sluggishly to light, 
and the eyes are half or fuJJy closed. Occasionally, however, patients arc restless or 
even delirious, especially in gross sepsis- a state which aggravates the shock. Per- 
sistent thirst is complained of, the tongue being clean ami perhaps dry. Vomiting 
may further deplete the body fluids. The vesical and rectal sphincters aro 
generally closed, but may be relaxed, causing some incontinence. Urinary 
secretion is almost in abeyance, and sometimes there is insufficient urine to supply 
a specimen for examination. 

Post mortem, the pallor of the heart, lungs, kidneys, intestines and omentum 
is striking. This is duo to an intense vasoconstriction. Microscopically, the 
capillaries of the intestinal villi are congested and packed with corpuscles. 

THEORIES OF THE PATHOLOGY OF SECONDARY SnOCK 

Of the several theories formulated to explain secondary shock not one satis- 
factorily accounts for the conditions found in the various types of injury causing 
it. The essential measurable factors are a 40 to 50 per cent diminution in the 
volume of circulating fluid and a systolic and diastolic blood-pressure of from 
90 nun. Hg. down to unrecordable levels. 

(I) The Fluid Loss Theory. In recent years, excellent w ork on the importance 
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of the Iom of fluid from the emulation after ttaue injury has been done by Blalock, 
Holt, Macdonald. 0>hauphnn*y, Slotne and others. Animals were sc u rely 
shocked by grot* traunu to one hg; in -ome. death followed, whilst the others 
were killed afterward*. Wide *v mnwtnc.il amputations of the lower limlw (includ- 
ing the pelvic girdle) were thin performed. It was found that the injured member 
win heavier than its uninjured fellow by an amount equal to from 10 to 50 per 
*int «f the estimated volume of the animals' circulating blood. The increase in 
w« ight um due to a mixture of blood and pLisma extra vacated into the iindales 
and fa.* ul stun** >mh a h akage would auount for the dimiuLshed volume of 
rinulatin,! blow] in traumatic -hoik, apart from the aitual lo*» of blood and 
from the immeasurable * fic-ct- of the painful stimuli of the injury. This shock 
did not develop if the artervand v« m to the limb were included lwfore the trauma, 
lib lock further found that there are similar extravasations of fluid into the 
tKsUc-4 aft. r burns or considerable handling of the intestines. In second degree 
hums, m addition to tin- leakage into tissue spaces, large quantities of serum (1 to 
g pints) inav ooze frc.ru the burnt surface — a factor which lowers the volume 
of rid ul.it in.’ blood It was also established that the circulatory changes in shock 
caused bi dsn <r lit niorrliaue are identical with those following muscle trauma. 
Tin- ciMilatirg blood us diluted, suggesting some reinforcement of its volume 
from tissue fluids On the other hand, the capillary blood shows a concentration 
of n-d blo«d -corpuscles. <\en to stasis, which is proliably explained by lovs of 
phisiiu through the walls into the tissues. Holt icin-idera that the local fluid 
h*vs ran be ’ n garde* I as the initial factor of secondary ha-morrliage." Healthy 
jutn nts and animals t* nd to r* cover steadilv from the initial fall in blood-pressure, 
but the dehydration bv ha montage vomiting, sweating, etc., combined with 
the di h terious eflrft of u« ntal ten-ion. and the continued adrenal expenditure by 
pain and |* rtap* from toxa-iuia tend to maintain the shock. Slome, Knight 
and Holt however con-idi r the fluid lo-s theory inaulficieut to explain the 
collapse and death following the strangulation of loops of intestine. They regard 
it as a contributory but not a princqol factor m such .1 condition. 

(J) The Tone Tfoorj Tlw brlirf that shock is due to a circulating toxin 
was brought forward by Qu.'nu an! a Medical Kcsc-arch Council Committee 
toward* the end of the Gnat War Tlitir findings were as follows : (a) The low 
bio)*] prensure in shock is independent of the nerve supply of the limb, for it 
occur* Uith in normal animals and m tho-r in whom the spm.il cord or peri- 
pheral n<rve trunks have Uvn previously divided ; (61 When the main artery 
and vein to the limb are clamped before the trauma is inflicted, shock does not 
apj.ar bur tlcjuic klvdeu l«>p* v»h< ntht-*e clamp* arc released; and (c) The injection 
of histamine u followed by a dtock-hko condition, suggesting the circulation, 
during shock, of a histamine like sutatance funned m injured tissues. From 
this a provisional conclusion wa* made that the blood carries a toxic sutatainx* 
from the traumatized ana. and 8 o produces the typical signs and symptom*, 
lb-ont work l*as modified theatave views, a* it is now evident that the ndc.Lscof 
the cm ultima into rta injured limb prrnuu leakage from the vessels into the 
tissue spu.-. and then shock appear* Further. Slome and 0*fjhaughnr.v*y 
tave demonstrated that shock still develop* after trauma to a limb in width the 
mam vein u occluded (IlJji., IWld'JM, VoL £>, WJ). Aini, Slome-, Knight 
and Holt, investigating intestinal strangulation, found ttat toxamia is a prominent 
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shock- producing element. In a severe ease the toxa-tnia appears about an hour 
after the insult. A histamine-tike substance in high concentration is present in 
the peritoneal exudate of these cases, and it is probable that by its depressor 
action early collapse and perhaps death is caused. In the milder forms of inter- 
ference with bone! circulation, even though the strangulation has been relieved 
and the lost fluid replaced, the shock and collapse appear suddenly after a period 
of apparent well-being listing from twelve to twenty-four hours. A substance, 
euglobulin, prolwblv formed in the intestinal wall, is present in, and is absorbed 
from, the jKiritom'.il cavity. Kuglobulin may be related to a bacterial toxin, 
and has a powerful depressor action. A sulistancc akin to it lias been detected 
in the urine of five human rases of intestinal strangulation (Slone). 

Heuer and Andrus (.Inn. Sun/., Oct. 1931. 731) have also worked on intestinal 
strangulation. They produced primary and secondary shock by intravenous 
inject ions into healthy animals of aqueous extractions from a loop of strangulated 
bowel. The resulting clinical picture was in all respects similar to the traumatic 
shock which follows mechanical or thermal injury. When ana-sthetised animals 
were given these extracts, the bowel content was considerable as they were unable 
to vomit, but unana>theti>ed animals when injected suffered from vomiting and 
dj.irrluea. At post-mortem examination. both groups of animals showed extreme 
congestion of the liver and splanchnic viscera. These workers formed the opinion 
that primary shock was due to a vasodilator mechanism, and that secondary 
shock was caused by the fluid lost from the circulation, the mechanism being 
increased permeability of the capillaries resulting from toxins circulating chiefly 
from the gastrointestinal trait. In the treatment of this tyj>e of shock they 
established that the administration of salines, gum salines and blood-transfusions 
all failed to arrest ita development, although strongly hypertonic solutions were 
effective for n period Adrenalin, choirs term, vitamin C and ascorbic acid were 
likewise ineffective in mitigating the shocked condition. Of the many remedies 
tried to prevent the onset of shock, only intravenous cortin (extract of adrenal 
cortex), if given with the toxic injection, was effective. In animals so treated, 
the average loss of circulating blood volume was 8-5 per cent as against 30-5 per 
cent in the controls. When the shock from the toxic injection was already present 
— i.c. the fluid loss had taken place— their experiments showed that cortin alone 
was not effective ; blood-transfusion gave slight improvement, but cortin mid 
intravenous saline together restored and maintained the improvement. The 
conclusion from this interesting work is that intravenous cortin, salines, and blood- 
transfusion promise improvement in established shock. 

In assessing the value of the toxic theory certain contrary evidence must 
be borne in mind : Smith, Holt, Slome, O’Shaughnessy and others, using 
sensitive apparatus, failed to detect any depressor or vasodilator substance in 
the blood issuing from a traumatised limb. Again, the estimation of the hista- 
mine content of muscle indicates that there is not enough in the musculature of 
the whole body to produce shock-liko effects, though they may contain other 
vasodilators which might initiate shock. But a histaminc-hkc substance is 
certainly formed m acute intestinal obstruction. Again, circulatory changes in 
shock and following histamine administration arc not exactly similar. In hista- 
mine shock the capillaries of the viscera are congested, and the solid organs bleed 
freely on section in clear contrast to the marked pallor in true shock. The dilated 
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especially underneath the patient, and if necessary with well-covered hot bottles. 
The theatre is maintained at ahont G5“ to 75“ F. Higher temperatures cause 
perspiration and loss of heat and fluid. 

(3) Choice of Awesihetic 

Gas anil oxygen with a local infiltration is probably the least shock-producing 
anaesthetic , opeu ether is the next best, and chloroform should be used only when 
specially indicated, e g. in cellulitis of the neck. When a spinal amesthetic is 
selected, then woollen stockings are worn, and the lower extremities are bandaged 
from below upwards to the groin ; these conserve the body heat, and to some 
extent prevent the blood from lying in the dilated capillaries of the muscles of the 
legs. Blood-pressure and pulse readings are made every five minutes, and ate kept 
at or about normal levels by the injection of epliedrinc or cor amino, or the inhala- 
tion of oxygen and carbon dioxide. 

(4) Qperaliie Measures 

(a) llamonltage Loss of blood is minimised by planning the incision and tbe 
approach so as to avoid large vessels and by clipping all bleeding points. The pre- 
liminary infiltration of tissue planes with novocaine and adrenalin lessens haemo- 
rrhage and noxious impulses. A tourniquet is applied whenever possible. (4) 
Technique, (i) An ample incision avoids the necessity for retraction. The tissues 
are divided by clean cuts of the scalpel and not by tearing. Stripping and stretch- 
ing are shock-producing factors, and the blood-pressure falls whilst they aie pro- 
cecduig (it) The tissues are handled gently, and in abdominal operations the 
intestines are prevented from eviscerating, but if this is impossible, they must 
always be protected by relays of hot towels. The wound is mopped lightly and 
economically Post-operative Measures 

The return to bed must be expeditious. When the weather is cold, the patient 
very ill or aged, or the distance to tbe ward considerable, then a warmed bed is 
brought into the operating theatre. 

(a) Post-operative fluids. Since the primary efiect of secondary shock is the 
diminution of the circulating blood volume and low blood-pressure, it is rational 
to provide the body with fluid to replace that lost, and to keep the circulation at a 
safe level Fluid is given in several ways : 

(i) Blood-transfusion. When the operation has been extensive, such as an 
abdomino- perineal resection of the rectum, a partial gastrectomy or a high 
amputation of the thigh, even though the external haemorrhage has apparently 
been small, the volume of blood and fluid in the part removed is considerable, 
and must be replaced by an immediate blood -transfusion of 15 to 20 ounces. 
A prompt injection is better than a later infusion when shock is established, 
the continuous drip blood-transfusion promises to be of great value and is dis- 
cussed on page 54 1 5. Ernest Miles reduced his operative mortality after abdomino- 
perineal resection of the rectum from 20 to 12 per cent by means of immediate 
post-o perati ve bi ood-t ra nsfusion. 

(ii) Intravenous mimes mi gum , dines. Intravenous salines increase the 
circulating fluid ; tventy ounces is tlie osual amount. Unfortunately, saline is 
quickly excreted from the circulation, and the patient may return to the original 
'l.pmssod State. Nevertheless, the improvement foUorving is often sufficient to 
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tlilc n jut iont over a crisis. Saline can l>c Injected whilst awaiting a donor for a 
transfusion. I nt ravenous saline* are administered, not quicker than one ounce 
every two minutes ; twenty ounces is the .safe dose, and an interval should elapse 
Indore proceeding with a further volume. Larger amounts introduced quickly 
are harmful, as they nuy strain an exhausted myocardium, arid arc not infre- 
quently followed by a rigor. Volumes of two to three pints arc occasionally 
advised, but they are probably detrimental, and are not so beneficial as a pint 
one or two hours later, or given ns a continuous drip saline. The continuous drip 
intravenous saline, by steady rcinforeciucnt of the blood volume, overcomes 
the disadvantage of the rapid lo.vt of the saline from the circulation. Striking 
improvements have Wen achieved by it. Gluco.se 5 to 10 per cent may also be 
introduced in the saline ; this has a nutritive value, and its hypertonicity attracts 
lluid from the tissues into the blood-vessels. The injection of (3 per cent yum 
mUu*' was advised by JJayli.ss towards the end of the Great War. It was based on 
the premise that on account of its physical nature it would not escape from the 
circulating blood us quickly as saline, and its effects would therefore he more 
lasting. Clinically, opinions differ as to its value, and the method has not been 
widely adopted, although, in my opinion, it should always bo used, especially m 
bums. 

(iii) Ilntal and tuhculamout udincs. These are well-proved methods for the 
grailual supply of fluid, ensuring one to two pints every four hours. They are 
probably not absorbed rapidly enough to lie effective in severe shock, but arc 
adequate in the average patient after a major ojioration. Glucose should never 
be given into the areolar tissues, as it may cause considerable necrosis. By the 
rectum, tup* water or saline 0-0 to 2 per rent, with or without 5 to 10 j>er cent 
glucose, is frequently prescribed. 

(A) The continuous inhalation of oxygen and G {ter cent carbon dioxide will raise 
the blood- pressure 10 to 20 mm. Hg. It restores the oxygen-starved tissues and, 
when given through a mask as a gas and oxygen anesthetic, it deepens the respira- 
tions and improves the systemic and respiratory circulations. The blood- pressure 
fulls will'll it is withdrawn. 

(c) Drugs are directeil mainly to the support of the heart action, and to 
uphold ami to increase the blood-pressure. Wien possible they are injected 
directly into the circulation -i.e. intravenously— rather than subcutaneously or 
intramuscularly, for m shock the cajiillary and lymphatic streams arc sluggish, 
and a delayed response follows remedies so given. The veins in shock are usually 
empty, but a rubber band or the bag of a blood-pressure apparatus lightly applied 
to the upper arm for a short period will fill the median basilic sufficiently for an 
intravenous injection, the effect being apparent in thirty to sixty seconds. 

(i) Ephcdnne ami icoral. Of alJ preparations, ephedrine stands out as a 
dependable pressor substance with a moderate and sustained action. Intra- 
venous adrenalin acts violently and instantaneously, but for a few minutes only. 
Ephedrine (4 to 1 gr ) intravenously raises the pressure to within normal limits, 
and maintains it for a half to one hour. Thus regular and frequent bamnano- 
meter readings are required in assessing the patient’s progress and requirements. 
Icoral (Bayer) is more powerful than ephedrine, and its action is continuous. 
Caution is necessary m its use ; 1 to 2 cc. will raise the blood-pressure to between 
200 and 300 mm. Hg., and thereby increase bleeding and aggravate the condition. 
\ol. lit. — 3 n 
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Intrav enously, \ cc. is the amount advisable in shock. Intramuscularly, 1 to 1 cc. 
is effective in an average case. The injections are repeated as indicated by the 
trend of the blood-prcsaure curve. 

(ii) Insulin. Since the blood sugar is raised by anaesthetics, operations and 
injuries, insulin 10 units is given three times during the first twenty-four hours 
after the administration of glucose by the rectum, subcutaneously or orally. 
This enables the tissues to utilise glucose. 

(ui) Cardiac and respiratory tonics. Digitalin - c l l7 gr. intramuscularly, 
or stroplianthm - y^jj gr. intravenously is probably the most dependable. 
These drugs do not raise the blood-pressure, but strengthen the heart action 
and respiration. 

Adrenalin, alcohol, strychnine, camphor in oil, and caffeine of routine tradi- 
tional use are of problematical value. 

Delirium in shock Delirium is unusual in secondary shock, but is found 
occasionally. It generally appears in plethoric individuals, mostly chronic 
alcoholics. Large doses of morphia or its derivatives arc unnecessary and in- 
effective after a moderate initial dose (J gr.). Cardiac tonics intramuscularly— 
e g. digitalin - a \j gr or coranune 1 to 2 cc —together with brandy Hoi ounce 
plus paraldehjde by mouth or rectum, will quieten most patients. 

Gorlin in shock The work of Heuer and Andrus raises the question, 
“ Is cortin of service in human shock ? " The author has worked oil this for a year. 
Its effect 13 difikult to measure, hut its use is encouraging. It lias been given in 
several wavs 

If 5 ce is given before operation, patients have a smooth convalescence. If 
used prior to a spinal anaesthetic, the fall in blood-pressure is not so marked, 
while in other patients where the pressure has already fallen an intravenous 
injection is -.oinetunes followed by a gradual and sustained rise in pressure. 

If o tc is given with an intravenous saline after operation, improvement will 
follow, especially in old or very debilitated patients and in dehydrated infants, 
e g with pyloric stenosis. 



CHAPTER 11 


Continuous Drit Bujod-Tuanskumon 

by 

H. L. .Marriott and A. Kkkuiuk 


Definition and Main Principles 

A continuous drip blood-transfusion is, broadly speaking, a large transfusion 
administered slowly. The following table summarises the drip transfusions carried 
out at tlio .Middlesex Hospital during 1933 : 


Total number of drip traasfusiom .... 
Total \oiumo of blood drip transfused (excluding citrate) 
Total duration of these transfusions . 

Average volume of each drip transfusion 

Average duration of each drip transfusion 

largest single transfusion 

Longest single transfusion 


87 

233-5 litres. 
2,513 hours. 
2-7 litres 
(=s 5 pints). 
29 hours. 

0-3 litres 
(=11 pints). 
62 hours. 


These transfusions have been of unprecedented volume and duration. The 
main principle is that the present conceptions with regard to dosage in transfusion 
need radical revision, and that transfusion volumes should be regulated by 
ha-moglobin determinations, with the purpose of restoring the haemoglobin per- 
centage to the lower limits of normality (i.c. 70 to 80 per cent). The customary 
transfusion of a pint (568 cc.) to an adult can only increase the haemoglobin per- 
centage by 10. This is woefully inadequate in severe atuemia, particularly if 
bleeding is still in process. When adequate volumes of blood are transfused, 
the improvement is commensurate. Large transfusions necessitate very slow 
administration to avoid circulatory overloading. Rapid transfusion is only safe 
if rapid bleeding is occurring. If transfusion is sufficiently slow, the blood volume 
is not significantly increased. Boycott and Oakley, working upon rabbits, found 
that after large transfusions the plasma volume was returned to normal in one 
or two days by the compensatory extrusion of the added plasma — the added cells 
only were retained in the circulatiou. This plasma extrusion and corpuscle 
retention occurs during transfusion if the administration is sufficiently slow'. 
The hemoglobin percentage rises in proportion to the added red cells without 
dilution effect from the added plasma. 

A rise of 10 per cent every four hours should be regarded as the maximal per- 
missible rate of lncmoglobin increase. In a non-bleeding adult such a rise means a 
rate of forty drops per minute (=a pint in four hours). In a bleeding patient this 
rate must be added to the rate of bleeding as roughly determined by hemoglobin 
5415 
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estimations or clinical appraisal. In children the rate must, of course, be reduced 
in proportion to the body Wight. Very weak patients or subjects of cardio- 
vascular or respiratory disease require a slower rate, and the hemoglobin should 
be raised to normality by stages of not more than 30 per cent at a time, with 
resting intervals of several days. 

Donors. All donors must be of the same group since their bloods are mixed 
in the reservoir. If possible, they should abo be of the same group as the patient. 
We have on occasions used Group IV (Moss) donors for a non-Group IV patient 
without mishap. Standard sera used for grouping must be of high titre in regard 
to agglutinins (at least l in oO) Reliable standard sera are supplied by the 
British Red Cross Blood Transfusion Service. This wrrum gives more reliable 
results than cross testing of donors against recipients or against each other, since 
many individuals' sera are of scry low titre. Our practice is to use the direct test 
with the recipient’s scrum merely a» a first rough sieve for the donors to save 
expense in regard to standard sera. 

In the above series of 87 drip transfusions, 390 donors were used — an average 
of 4) per transfusion Three hundred and thirty-three were relatives or friends 
of the patients, and onlv 57 were from the Red C 1033 Service. Since the adoption 
of the practice of making relatives responsible for finding donors little difficulty 
has been experienced in obtaining them. We explain that it is their duty to secure 
ten or a dozen \oIunteers and that we do not accept a responsibility which is 
rightly theirs. 

Surgical Indications 

(l) 1‘re-ojrrah 1 e dnp Irantjinioni Severe anaemia markedly increases the 


danger of any major operation. This risk can be remot cd by pre-operative drip 
transfusion of an adequate amount of blood. The pre-opetative drip transfusions 
at the Middlesex Hospital in 1935 were in connection with the following types of 


cases : 

Bleeding peptic ulcers 

13 


Carcinoma of btomach 

•l 


.. exeunt 

3 


„ ,. cervix 

1 


., bladder 

I 


Splenectomy for hemolytic ana-mia . 

3 


Fibroids . .... 

2 


Colitis (1 stenosis, l ga&tro-colic fistula) 

2 


Amputation of leg 

l 


lour patients also received dnp transfusions prior to radium or X-ray treatment. 

( J) Dnp traiufutiouM during operations. The ease of control of the drip method 
nukes it suitable for use during operations accompanied by considerable b!cc<b«g- 
Three or four pints of blood are collected before the operation. At the outset of 
the operation the cannula is tied into the vein by an assistant, who, during the 
rest of the operation, notes the bleeding and adjusts the rate of the blood drip 
accordingly. He frequently checks his estimates by hemoglobin and blood-pressure 
determinations. Thus the patient leaves the table without, having lost blood 
from the circulation, and so the hemorrhagic element in gurgiSd shock is 
eliminated. During a prolonged intra-cranial operation wc hate in this way 
administered five pints of blood. 
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(II) Post-opcraitK drip trait 'fusions. Drip transfusion can bo valuable in 
combating post -operative h.emorrhagc or in rectifying amcmia in septic post* 
operative conditions. In 1935, at the Middlesex Hospital, 8 cases of severe 
post -operative bleeding received very large drip transfusions; these followed 
gastrectomy 8. nephro- lithotomy 2, prostatectomy l, hysterectomy 1, mid 
dental extraction 1. 

A p pi rains and Technique 

(I) likaliiuj donors. The method Usetl should l>o a closed one so that infection 
of the blood may lie avoided. It should also be e/lic lent enough to obtain the full 
quota from each donor. The apparatus we il*» h illustrated in figure 29:12. The 
blood M aspirat'd by strong smtitm provided by u Dunlop “ Junior ” motor tyre 
foot pump with its valve reverwd ; by its use. <KM1 it. may be obtained within five 



minutes. Rapid bleeding of donors causes fewer reactions than slow collections, 
provided that not more than 00 cc. per stone of body weight is withdrawn (c.g. 
000 cc from a twelve-stone person), because reactions are generally psychological 
and proportional to the time taken. The blood is collected in a quart milk-bottlo 
graduated in cc. and fitted with a rubber bung. Only pressure tubing is used, for 
thin-walled tubing collapses under auction. The connection between the bottle 
and pump contains sterile cotton-wool filters whose function is to prevent infection 
of the blood by the slight blow-back at the beginning of each stroke. 

A Keynes’ needle is advised ; it must be sharp (see fig. 2934c). 

The donor is recumbent. Before scrubbing up, the operator applies a sphygmo- 
manometer cuff to the donor’s arm and swabs the elbow flexure with spirit. He 
also connects the pump to the end of the sterile tubing. After scrubbing and don- 
ning a sterile gown and gloves, ho isolates the area of the vein with sterile towels. 
Manipulating the sphygmomanometer bulb through the towels, the cuff is inflated 
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to a pressure of 70 mm.llg. lie next inerts the needle into sterile 3-8 per vent 
sodium citrate solution, and, by pumping, sucks oO cc. into tin* receiving bottle. 
A pair of artery forceps is then clippctl on the tubing between (be needle and the 
bottle, and a good partial vacuum is developed in tho tattle by vigorous pumping 
for half a minute. A wheal is raised over the vein by intradenn.il injection of a 
few drops of 1 per cent novocaine. Through this area the Keynes needle is thrust 
into the vein. The artery forceps are undipped, and blood shoots through the 
glass connection and a moment later streams into the tattle. The donor should 
strongly clench and unclench hi* fist about a doten times a minute. Tta tattle 



nmil to be iluken frequently to mix the blood and citrate. It is only necessary 
to give a few otcasion.il pumps as the bleeding procceils until tho required 
amount w obtained 

i , Mfk'iJHUHutntw, 0 j , hf Unj T|)C Ilr i nc ij, al<limcu | ty {n thfi Usc lkf c ; lraU .a 

blwsl for drip mfuMon, as compared with saline, is that the corpuscles lend to 
sediment m the reservoir. Continuous aseptic stirring of the Mood is therefore 
mt«*arjr. This has been achieved l,y bubbling a continuous stream of filtered 
oxygen through tho hlooij. 

The aj'iuratu. by iu i, illujnital i„ ligun, jsjj, aill | of . 

(,.) An (itt.-.l will, a |in«nre rrsulatafanil (i,„ a,ljll.ttiu.nt tap. 

(!.) In, (cot or robber lulniig, uil,r»pcr».l nil!, |hm> fill.™ filled mil, cotton 
wool, winch connects the cylinder to ; 
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(r) A gLi*.* reservoir (four-pint capacity for an adult, Jialf-pint for an infant) 
fitted with a rubber btuig. Tho tube from the cylinder is attached to an 
inverted thistle funnel of 1J inches in diameter which passes through the 
buna and reaches to witliiu J-inch of the l>ottom of the reservoir. Also 
passing through the bung is a very short tube connected to a cotton-wool 
filter ; this serves as an outlet for the oxygen. Tiio base of the reservoir 
is fitted with a circular wire gauze filter made of -8 gauge pure nickel wire, 
with twenty meshes to the inch, which serves to strain oil any clots. The 
reservoir fits into a tin holder for suspension. 

(d) four inches of rubber tubing, fitted with an adjustable screw clip (the 
regulator clip) which connects the reservoir to : 

(c) A drip- bulb of special design (lig. 293 1«). The tubing attached to the 



(a) Tl>e tlnj> bulb. ftj. 5W3 — ScriTARU viivs 

(ij 71i« c*AiiuI* ft.r tho rvK dm r TKt\snst<i\. 


(f) Diinor ntnllt. 

side-arm mutt male an airtight joint. The screw clip on it is usually tightly 
closed. 

(f) Another four inches of tubing and glass connection joining the drip-bulb to : 
(*/) Six feet of pressure tubing of 5 mm. external diameter (aspirating tubing) 
attached to : 

(A) A cannula of special design (fig. 29316) which can be tied into a vein 
without kinking it. It is made in three sizes. 

All the items of apparatus, except (a) and the tin reservoir holder, require 
sterilising and may conveniently be baked in a dressing tin along with a gown, 
gloves, towels, dressings, and the instruments mentioned later. 

The first step is the selection of a vein. Our usual choice is one of the veins 
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in the distal third of the forearm usually along its radial border (sec fig. 2035). 
Such a vein does not necessitate splinting tiro arm as is the case with ante-cubital 
veins The vein being chosen, tho reservoir holder is suspended at a height ol 
3 -i feet above the vein. An adjustable stand is a convenience. The oxygen 
cylinder is placed close by. The patient’s forearm is cleansed with spirit and a 
sphygmomanometer cuff applied to the arm and inflated to 10 mm. Hg. Tile lid 

of the dressing tin is opened. 

At this point the operator scrubs up and puts on a sterile gown ana 
gloves. He then inserts the reservoir into the holder and connects up the tubing 
(see fig. 2933). The cannula is laid upon the sterile towels isolating the vein area. 
The regulator screw clip above the drip-bulb is left wide open, and a pair of artery 
forceps dipped across the tubing about two feet proximal to the cannula. It is 
convenient to start proceedings using saline rather than blood. An unsterilc 
assistant pours sterile saline to a depth of i inch into the resen air. The artery 
forceps are released for a few moments to allow saline to run through the tubing 



Fvj ffloc. — Duf Ttoj-sfcsjos ksiimMi the cis-wu 


i. (Jfornult and Kilttnck.) 


and expel the air in it. Air, of course, permanently remains in the upper part 
of the dnp bulb which is an air lock. The forceps are reapplied after the minimum 
waste of saline. 

Two cc of 1 per cent novocame is injected, partly intradermally and partly 
subcutaneously, and a transverse incision J-inch long is made over the vein. The 
vessel is displayed by blunt dissection with fine artery (spider) forceps. The 
forceps are then tlirust under the vein and a piece of thin rubber tubing pulled 
liack under it ; the tubing serves to keep the v ein presented (fig. 293G). The distal 
end of the vein is ligatured, the ends of the ligature being left long, and another 
ligature is passed around the proximal end and left untied. The tourniquet is 
now deflated— an easily forgotten pouit. 

The \em is cut half across with scissors and the lumen displayed. Any 
bleeding is controlled by traction on the untied proximal ligature. The cannula 
is now inserted, its insertion being facilitated if the vein is held open in the following 
manner : A pair of fine artery forceps is clipped on to the right-hand wall of the 
vein and left loosely hanging, while the left-hand wall is held up by dissecting 
forceps in the operator s left hand. The cannula having been introduced, the 
proximal ligature is used to tie the vein over it between the bulbous tip and the 
shoulder The long ends of the distal b'gature are tied around the other side of 
the shoulder. The ends of both ligatures are cut and left about H inches long. The 
artery forceps occluding the pressure tubing are removed, and the flow in the drip- 
bulb cut down to a rapid drip by adjustment of the screw clip. Strip3 of strapping 
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fix the cannula and tubing to the forearm (fig. 21)37). Sterile gau zc and woo) are 
bandaged on firmly below the cannula but lightly alxno it so that the vein is 
not compre^l. Mood is jiouretl into the rc.servoir. ami its rate of drip adjusted 
by the regulator .screw clip. The flow of oxygen is started. The big bubbles 
escaping from the thistle funnel make faintly audible “ plops ” ; forty “ plops ” a 
minute ensure adequate stirring without too much frothing. The nurse must be 
iustruited to inspect the drip every ten minutes, and to adjust the regulator 
s< rew <h|» if the flow slows. She m ust not allow it to s top, of clotting trill occur in 


i>*. TA' -fuimiurn mir n»<ntiu<. 


the cannula from njhtx of unntralid blo<*l. Apart from owosionai adjustments of 
the clip and jH-riodio repletiishmgof the reservoir, there it no n<ed for her to tourh 
the apparatus. The tubing is so long that the patient can Use his arm freely and 
he many jwsit ion. 

(3) Jftenw/ire Apimratns. Henry and Jou volet’s electric motor pump may 
Ihs used instead of the gravity apparatus already described. the rate of transfusion 
Wing indicated by a cyclometer instead of bv a drip-bulb. The pump gives a 
steady delivery, but has the disadvantage of being costly. 

Difficulties ami Com jJicat tom 

(1) Rigors. It is very mqiortant that the citrate and saline solutions Used 
should Ik* prepared from distiller! water entirely free from dead organisms, as other- 
wise troublesome rigors are inevitable. Also nil the tubing Used must be free of 
stale blood from former transfusions, and it is boat to u^e new tubing for each 
transfusion. If these precautions are observed rigors are rare. 

(2) Creeping up of blood in (he drip-bulb. This may occur after several hours, 
but the side-arm on the drip-bulb is there to deal with it. The regulator clip 
should be closed and the side-arm clip opened for a moment or two till the blood 
level has sunk, under atmospheric pressure, to the bottom of the drip-bulb. 

(3) Phhbilts. In ten to forty hours, usually twenty- four hours, phlebitis 
affects the vein. The patient complains of pain, especially if tlic drip is acceler- 
ated. lied and tender induration slowly spreads up the arm. The temperature 
rises. The phlebitis appears to be an irritative and not an infective phenomenon. 
When it begins the cannula should lie changed to the other arm. Persistence 
with the same vun may cause a very painful limb and sharp constitutional 
disturbance. Fortunately, most drip transfusions are completed before phlebitis 
develops, but changing the cannula is a simple matter. 

(4) Clotting in the Cannula. Clotting in the point of the cannula occurs if 
the drip is allowed to stop. As a rule, the tiny clot can be driven on and the drip 
restarted by sharply nipping the tubing two or three times between finger and 
thumb close to the patient’s arm. If this fails, 10 cc. of sterile saline are sharply 
squirted into the tubing by means of a fine hypodermic needle at the point 
where it emerges from the bandages. Artery forceps should be clipped across 

von. m. — 3i»* 
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the tubing jost above the hypodermic needle so that none of the force of the squirt 
13 lo't by backward transmission. 

( 5 ) PulmoiMiy aJerna. If a drip transfusion b run in too fast, circulator)' 
ot erloading may occur, and there is abo a danger of p ulroonary uslema. The first 
signs are development of a persistent cough and the appearance of rales at the 
Isk*-*. The dnp should he stopped at once. In ous experience, now amounting to 
one hundred and fifty drip transfusions, we hate seen two slight cases and one 
severe case of pulmonary (edema Tins complication should not occur if a rate 
of Lamoglobm increase of 10 per cent four-hourly is regarded as an absolute 
maximum, and if in the subjects of cardio-vascular or respiratory disease or 
cachexia the hemoglobin is not rated more than 30 per cent at a time and the 
patient is watched very carefully during transfusion. 

The difficulties and complications of drip transfusions have been faithfully 
described for the help of readers who may perform them. In practice, however, 
they are small and of negligible importance when weighed against the remarkable 
benefit to the recipients 
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CHAPTER III 


TjIKATAJKNT OK II.KJJOl’JIJLIA BY S.VAKK Vji.VOJI 

ILvmoHUUA is a blood disease which runs in families, affecting male members 
an<l living transmitted to them through the female. Its chief characteristic is 
profu-e anil continuous capillary bleeding following a wound in any part of the 
body. This hu luorrluge nuy lontinuc for days or even weeks from blood-vessels, 
either inteni.il or external, especially those in and alwut joints ; a fatal issue is 
not uncommon. 

Pathology. Investigation of h.emophiluc patients shows that the tissues 
are approximately normal, and no abnormality is detected in the quality or quantity 
of the blood-platelets. The bleeding time is prolonged from five to fifty minutes 
against the usual three and a half minutes. When tho blood clots it is soft, friable, 
shaggy and non-adherent. The unscientific conclusion armed at is that in 
haemophilia then' is a " functional peculiarity of the blood." 

/Vnoui Trait limit. 

(1) 0 aural. A biood-tran.sfu.sion, re pea toil several times if necessary, has so 
far proved the most useful trincdy in hxmophilia. 

(2) Load treatment Tho Ioc.il treatment of true hemophilia is usually 
ineffective. Many remedies have been tried, such .13 the use of tourniquet (blec<ling 
restarts on release), the application of cold turpentine or adrenalin compresses, 
cautery, diathermy, or suture. All these may lx* temporarily effective, but they 
have the common disadvantage of devitalising the tissues, thus extending the 
wound, and so aggravating bleeding and preventing healing. A further handicap 
in hemophiliacs is that, when the blood condition is known, surgery is postponed 
as long as possible : thus teeth or tonsils, etc., become grossly septic, and the 
surrounding tissues mfectcd, congested and friable— a bad operation field ! 

Treatment by male teiioin. Various workers have noted that certain snake 
venoms cause mtra -vascular clotting. Recently, McFarlane and Burgess Barnett 
(Lancet, 1934, II, 9 So) tested it on hemophiliacs, using venom from various snakes. 
They found that the poison of the vipers, especially of the vipera Russelli, con- 
sistently coagulated hauuopliiliac blood. The venom is so potent that haemo- 
philiac blood, which normally clots in thirty-five minutes, is coagulated in seven- 
teen seconds. Further, the resulting clot is firm and tough as contrasted with 
the usual soft mass. Both the scrum aud the corpuscles are coagulated inde- 
pendently. 

Venom ddution. Viper venom diluted to one in one million (1 in 1,000,000) 
causes clotting in sixty seconds, which is adequate for clinical purposes ; the 
coagulating agent must be effective in weak solutions because it is diluted by the 
blood, lymph and saliva. In the extreme dilutions of one in one thousand million 
(l in 1,000,000,000) clotting occurs in six minutes. 

Venom toxicity. The toxicity or otherwise (on the subject and on the tissues) 
5423 
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of the viper venom Used 33 a coagulant has tetfc--ari]y been determined. For- 
tunately go deleterious constitutional effec ts L*ve occurred, neither has the 
wound been irritated cor healing delayed. 

Vmou* aw/ lemyrat'ire, .la aqueous solution of venom lo-es its coayulattve 
when boiled. but heating to - 7 >' J C. enhances its effect— a practical point 
forifcaKtaGiandffifecteflca^a. 

tiabiUl'j «i ui it'riliMUion of tnt/sr, i. Aqueous solutions of I m W,Wt 
venom rpw Idy drfenotate. especially if they are vanned or further diluted ; 
rtsnaf/jsentlr, for cluneal purposes, the 1 in KMttl solution is evaporated into an 
ampoule, after which a tliAt white pow»W remain*, fn this form it will keep 
for months and will nuke patent solutions with warm sterile water. Boiling 
and preservatives destroy the coagulating power of the venom, but passage 
through a Berhefeld filter j-tenIi*-» it without impairing its coagulating 
properties. 

Venom ta cltmral u*» To arrest pr-r-L-tont bWding two conditions mu.it he 
■satisfied ; a £rta clot mu.*: form to stop the haemorrhage, and the wound rnust 
Leal or the Mealing will n-cur Snake venom is applied locally in a standard 
dilution of 1 in I 0 ,O» It i» effective in all ca-e-s of ha mophffiac bleeding and in 
other coni muons fca tu 'Tlag-» It may t f uw-d with advantage after tonsillectomy 
and tooth extract 'or and for epi-tax.* p»t-operatrve bleeding in the naso- 
pharynx and vouch- abort the loir Where teeth must te removed from 
haemophiliac p3t <r.t- i/irr’-- on to hospital is arranged for the purpose of 
preliminary mo r* v_-i>« tloo»i-:raGsfusion, and application of the venom, 
after who 1 ‘ - - *re-,*r>£t is correct. bleeding will le slight. 

Tfa i'r ) . 7 if of ua » PM/n trmluemi. The wound — e.g. a lfs/h is 

genriv Lj* f . • -oughlj clear'd of pu.-*. blood and debris by iced saline or hylrogea 
prox^h* \ p .tv of wool -oaked in l in venom is inserted lightly on to 

the w+oa- -,i rhe bleeding surface. The hxtoorrhag* quickly stops ami a firm clot 
remair_- If the bleeding u brt-k. light ptRnaie is permissible while coagulation 
vaV*-*. pLw * , si the %n.r»n> at ordinary temp-ratiina is not effective, it is warmed 
to .V» C rplintiiig of the part or arm by bandaging and other methorls — e.g. a 
denial plate— u central to keep the dressing in position and the clot intact, 
but pr>-b-urf- on the wound must b* avoided. 

hwitoM • 


( 1 ) Ti<s injury mart not project from the wound, at movement may dis- 
k'U* It. tog-ther with the clot, and thus restart the bleeding. 

<-> Pt'MHt* or iei*>u»* on the wound by plugging, dre-teg*, «plint#, bandages, 
or by a dental plate must be avoided so that the via bill tv of the tissues 
and therefore their pr/avr of repair is cndiminl-hcd. 

(o) Sspnx * When sepeis » present the venom d reusing u changed once, 
twice, thrice or more often daily to minimise soiling and tu=ne des tract ion 
by l«ctenal action which would prevent the wound from healin'* 

(I; Adrenalin is tft'.er u-ed because it exerts a deleterious effect on The tissue 
viability even though it may be temporarily hemostatic. 


Sulunsy JlcFartsr.e {St. Baithtioteevf* UotjAtai Iley/rU, I&J 5 , LXVHf, 229) 
writes: * So sattire3 should l* employed urJe* it can U guaranteed* that 
they will not cut out nor lead to the formation of a hematoma, "fn certain cases 
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suture* may help, but closing the skin over bleeding points which cannot be 
controlled is bound to lead to an extensive h.enutonu.'’ 

(it i>< ml trmtimnt. Tito mental t ran rj utility and co-operation of the patient 
are essential for a successful issue. This is achieved by an explanation of the 
problem nml by repeated as.su rallies ; the latter are necessary when the bleeding 
is [tmlongisl and retumrit. 



CHAPTER IV 
Gangrene 

The term gangrene is applied when the whole or part of an organ dies. It may 
result from an injury or during the ensuing inflammatory reaction. The gangrenous 
process includes tho blood-vessels, the lymph vessels the epithelium, J he co>mecli\e 
tissue, the muscle, the nerxes, and the hone of the part. Gangrene is thus a 
massive or macroscopic condition ; frequent examples arc acute gangrenous 
appendicitis, and a toe or foot ui senile arterial dittox*. 

Necrosis is tho term describing death of tissue in small amounts ; it is an 
affection of cells rather than of parts, v g. tiny fragment* of bone, of shin, or of 
kidney. The word is frequently used synonymously with gangrene, and a clear 
differentiation between the two is not always easy. JJotli gangrene and necrosis 
develop in the course of inflammation, and they have common causes. 

When epithelium is affected, the term ulceration may bo used for necrosis 
and may be defined as molecular necrosis of an epithelial lining. Necrosis of 
tissues takes place after aeration, due to crushing by artery forceps, or to tightly 
tied sutures and ligatures wliu h cut off the blood supply. Necrosed tissue, unless 
considerable, is frequently absorbed during the inflammatory reaction without 
being cast off externally, e g a small piece of kidney or fat, or a small sequestrum. 
The heart, kidney, lungs, spleen and brain are liable to insults whirl) result in 
necrosis, usually following an embolus or thrombosis of an artery. When an 
embolus (sterile or infected) lodges, an adjacent section of the organ is deprived 
of its blood supply, and an infarct, usually conical in bhapo, forms. If it is small 
and aseptic it is usually absorbed completely, a fibious scar remaining; but if 
it is only partially resolved, liquefaction may take place with cyst formation, 
especially in the brain, or occasionally the area becomes calcified. Should tho 
embolus be septic, then an abscess develops. 

CLIMCSt TYPES OF GANGRENE 

Gangrene is described clinically as “ wet ” or “ dry.” the distinction depending 
on the presence or absence of arliw infection in tho part. 

Dry gangrene Gangrene is declared dry w ben the area is shrivelled, dry, hard, 
greasy, black and mummified. The dark colour is caused by the deconqwsitiou 
of hemoglobin. Organisms arc certainly present, but the conditions arc unfavour- 
able for their growth, and there is little macroscopic or microscopic evidence of 
their activity. 

Wet gangrene . Wet gangrene is diagnosed when the circulation has ceased 
and the part is turgid with fluid. Thus, although active infection is not immedi- 
ately apparent, the conditions arc suitable and it i 8 almost inevitable. As bacterial 
activity develops, the skin becomes discoloured— yellow, brown, greenish and 
black, and superficial and deep putrefocti\e changes with gas formation arc quickly 
evident. 
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An essential factor of distinct Ion between wet and dry gangrene is the amount 
of fluid, i.e. of Wood or of lymph, in the diseased member. When the arterial supply 
is cut off, <*.g. by calcification, obliteration of the main vessel, or by embolus, 
the Wood and lymph already in it drain out, thus exsanguinating the part and 
initiating a dry gangrene. 

lly contrast, death follows interference with both the venous and arterial 
circulations, such as by traumatic or inflammatory oedema, so that the flow 
is arrested. The part still contains a considerable voluuie of lymph and blood, 
but it is stagnant anil constitutes an excellent culture medium for the growth of 
the organisms almost invariably present, especially if the lower extremity is 
affected. When the infective element is gross, the term “ moist septic gangrene ” 
is occasionally u.-ed. Actually gangrene is due to : (1) The cessation of the 
circulation of blood in the area ; (2) varying combinations of impaired blood 
supply and infection, e.g. gas gangrene after a lacerated wound, acute osteomyelitis 
etc. 

It is worthy of emphasis that it is the arrest of the circulation which is the 
exciting factor in gangrene, for a part may be almost deprived of blood, yet with 
a meagre circulation life may continue ; on the other hand, a limb may be engorged 
with blood, but because the circulation is arrested death follows. 

CAl'SEd or GANGRENE 

(!) Constitutional. 

(>i) CarJio-vascular disease. Myocarditis, arteriosclerosis, atheroma, 
calcification, aneurysm, cniMbm. peripheral arterial disease, Moncke- 
licrg’s degeneration, Raynaud’s disease, and thrombo-angeitis 
obliterans. 

(6) Mclabolic iii*fat-e. Diabetes. 

(c) After eshausting illness. Typhoid (acute arteritis), pneumonia, and 
typhus. 

(</) Scree disutse. Peripheral neuritis, hemiplegia, paraplegia, tabes, 
leprosy, and syringomyelia. 

(e) Tone. Ergot poisoning. 

(/) Agranulocytosis. Affecting the oro-pharyngeal cavity, vagina, rectum, 
and sloughing wounds. 

(2) Local Causes. 

(а) Traumatic. 

(») Physical— sharp, blunt or crushing, direct or indirect. 

(ii) Thermal — cold, heat, light, electricity, explosions. X-rays or 
radium. 

(ni) Chemical — acids, alkalis or corrosives. 

(iv) Biochemical. 

( б ) Infective — acute. 

(i) Acute non-specific — boils, carbuncles or cellulitis. 

(ii) Acute specific — erysipelas, gas gangrene, noma, phagedena, or 
post-operative progressive gangrene. 

(iii) Gangrene of internal organs — the appendix or gall-bladder. 
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(B) Uy operation for an arterio-venous aneurysm which docs not includo 
a fourfold ligature, i.e. of tlie urterv amt vein at the entry and exit. 

(D) Due to mi overlooked or too-long-applied tourniquet. 

(10) From tight splints, lundages or plaster, resulting in patches of gangreno 
our bony {Mints, e.g. the nwlleoli or the heel. 

(11) After prolonged, unrelieved body weight, causing a bedsore on the sacrum, 
shoulders, heels, crest of the ilium, or the occipital region of the scalp, 
especially in cast’s of marked shock, in very stout, very thin, or aged 
patients, and also in cases of paraplegia, tabes, anterior poliomyelitis, 
and injur)’ to flit* spine, causing incontinence. 

(12) Gangrene from local spasm of blood-vessels. Carbolic acid compresses 
on the fingers, nose, toes or jx’nis cause a sjusm of the vessels followed by 
thrombosis, associated with tissue j>oL-,oning. A comjircss of 1 in 100 
carbolic will start gangrene in twenty-four hours, 1 in 50 in twelve hours. 

(10) Segmentary spasm of the main artery after gross trauma to a limb 
This is a rare condition descnl»ed by Kiualij and Hcichle. The main vessel 
Is thrown into marked contraction fur a period of twelve to tlnrty-six 
hours, and gaugreiu* of a jurt may lx* caused by derivation of blood 
during this period. 

Gangrene docs not necessarily follow all these injuries and operations. A 
cardinal factor is the age and general condition of the patient. Young, healthy 
subjects with strong hearts and elastic arteries will conq>en.sate and recover after 
grots injuries, whereas older and debilitated subjects will lose a limb after a 
simple fracture or other average injury. A crushing injury, damaging the 
collateral circulation, is more likely to cause gangrene than is an incision, a 
jH'netrating wound, or a ligature. The anastomosis in the leg is not so good as 
that of the arm, so that tissue death is more frequent in the lower limb. Patients 
with constitutional disease, e.g. chronic nephritis, arterial disease, amentia, and 
diabetes, have diminished powers of repair after injury. 

SIGNS AN1» SYMPTOMS OP OANGUKNK 
Signs of Iinjfcndttuj Gangrene 

Apiiearance. The affected part is white or cyanoscd ; it may be mottled or 
bluish, and blebs or bulku may appear on tho skin. 

Temperature. The suspected area ispolder than elsewhere ; tho level of w armth 
may be found to bo receding or advancing, and should be marked with a skin 
pencil at each examination. 

Puhation. There is no pulsation detectable in the affected limb. In a 
shocked patient, however, pulsation is only discernible with difficulty in any 
part except at the heart and the common carotid arteries. 

Anecsthcsia. Tho tactile sense and muscle power are lost or impaired. They 
arc tested periodically, and may bo found either to improve or to disappear. 

Vain. Severe pain in tho affected limb is experienced in some cases, and its 
presence without adequate cause is significant of threatened gangrene. Thus, if 
after a fracture has been reduced and splinted pam continues, then gangrene is 
a likely possibility. Local tenderness and pain traced accurately to the main 
vessel after an injury suggest thrombosis. If the pain is local and precisely in 
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, hc J,„0 of the main urtc.y, mpecblly if it b at a I»mt of nam,vvm S . 0. 8 . ha 
ongins of rtm femoral ami profunda femora artenw, or at t>» lilfurailion of the 
brachial artery, and there is a pulse present above hut absent below the epot. 
whilst the limb is cold and paral) sed, then an arterial embolus Is diagnosed. 

Blood-pressure. A tkady fall ia Wood-pressure in a hmb when compared to 
the other parts of the body indicates local circulatory failure. 

Skiagram A skiagram of the limb may show a fracture t W to the mam 



vessels. The arteries may show as pipe-stems, i.c. they are calcified, in which case 
little vascular compensation is possible, and gangrene is never far removed 
(fig. 2910). 

Signs of Established Gangrene 

Appearance. If the part is bloodless after the circulation is arrested, it will be 
dead white and shrunken ; but if it is engorged with blood, it will lie blue, cya nosed 
and swollen. 

Temperature The limb 13 cold or ropully cooling. 

Pulsation. A’o pulsation is detectable in the main artery, and digital pressure 
on the skin causes no capillary blanching followed by flushing. Wounds do not 
bleed except when gross, in which case a tcmjiorary oore occurs. 

Anasthesia The patient 13 unable tp move the part, which 13 unresponsive 
to all stimuli 

Signs oj ViabilUij 

Appearance. The part vanes from pinkish-white to red or bluish in colour. 

Temperature. The part may be cold but is becoming warmer. 

Pulsation, although perhaps faint, is felt in a superficial artery, and the skin 
blanches white on pressure, regaining its colour on release. A needle prick is 
followed by bleeding, and a bruise results from a blow. 

Sensation and muscle sense return, although not if peripheral nerve or 
spinal cord injury is present. 

Some slight /unction may remain in a severely damaged limb, c.g. a small 
amount of toe movement, or contraction of a muscle. 

Inflammatory reaction. During the course of hours, signs of an inflammatory 
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reaction to nil injury develop ; tile part swells and reddens, serum is jioured out, 
pain is felt, later pus is formed, and ultimately granulations appear in the 
surviving tissues. 

(lANURESE DUE TO CUMItlXEU CONSTITUTIONAL AND LOCAL FACTORS 

Gangrene duo mainly to urterial disease is often initiated by trivial local 
trauma when the blood supply is insufficient for the calls of repair. The in- 
flammatory swelling in some cases increases the destruction by obstructing the 
already diminished blood supply. Gangrene from a combination of local and 
general causes arise* in : 

(1) Diabetes. (-) Gangrene ami constitutional debilitation. After pneu- 
monia, typhoid fever, severe typhus, cholera, etc., primary arterial thrombosis 
may occur, resulting in a degree of gangrene and ana.-mia. It is due to the weak 
myocardium, secondary ami-mia, damage of the endothelium by the toxemia, a 
sluggish circulation, and impaired nutrition. A local infection, e.g. a pustule or 
boil, may extend into gross sloughing. (3) Nerve disease pit her local or general 
docs not directly cause gangrene, but by its effect it undoubtedly predisposes to it. 
Thus division of a sensory nerve, syringomyelia, tubes, amcothetic leprosy, hemi- 
plegia, etc., impair the general nutrition of the part, and by absence of sensation it 
is liable to more and severer trauma than is usual, thus forming suitable conditions 
for infection. Mows and bums are frequent in injuries to jxuipherul nerves and in 
syringomyelia. Patients w ith hemiplegia and paraplegia readily develop bedsores. 
A tabetic patient with a perforating ulcer of the foot is liable to a spreading 
destructive infection, or slow gangrene may begin around it. 

THE COURSE OF DRV O A NO RENE 

If the affected part van lie maintained dry and free from gross bacterial 
action, it will remain black, somewhat greasy, and hard. The dead tissue is an 
irritant to the living part, and at their junction the viable tissues develop an 
inflammatory reaction, and a bright red lino of demarcation sooner or later 
appear* according to the patient's condition. A layer of pus separates them, and 
the living extremity is covered by granulations. The infection which is always 
present, if marked, causes sloughing and suppuration and involves the limb exten- 
sively above the original level of demarcation, adding considerably to the tissue 
destruction. Consequently, successive lines of demarcation may form at higher 
levels. The skin and subcutaneous tissue and muscles are chiefly affected as they 
have a smaller blood supply than bone. As the gangrene is greater in the soft 
tissues than in the hone when the sepsis is minimal, a “ natural ” conical stump is 
formed, the protruding apex consisting of bone. Left to the natural vital process, 
separation takes a long time, and the soft parts may be epithclialised before tho 
bone division is complete. A general toxaemia is always present from the sepsis, 
and pain (always an exhausting symptom) is persistent and severe. The normal 
course of separation and healing is rarely seen as it is generally eliminated by 
amputation. The control of the sepsis depends largely on the management of the 
part. If it is kept dry with air circulating freely around it to ensure evaporation, 
and spirit antiseptics are applied, it can be preserved completely mummified for 
considerable periods. On the other hand, dry gangrene may become offensive 
and wet. 
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TllE COURSE OF MOIST GAXORE.NE 

\n.en a tonsftea jurt l*tomca gangrenous, amputation at the catlicst 
moment is nectary m order to avoid a general illness from tiro tosremre of tire 
almost in. vital.le inf. ctmn. .\n attempt to exclude infection must Ire made. 

Xtirwi'j Instruction* 

(I) Tin- part is shaved. washed daily with rectified .spirit, and a dusting 
powder is applied e.g xeroform 

( i) The pait In tween the toes is cleansed with spirit, a pledget of cotton wool 
Ire invited repnnhlcd with antiseptic dusting powder, and the nails and 
folds of the skin are treated similarly. 

f }) Xlu- limb is slung from a cradle and is exposed to moderate heat 
periodically during the day, the cradle being arranged so as to ensure 
continual ventilation. 

Wuli these precautions, infection and Anther destruction may be avoided, 
and a line of demarcation will appear, usually forming earlier in wet than ui dry 
gangrene In a favourable case, the limb vv ill gradually dry and perhaps mummify, 
hut it is the exception rather than the rule to achieve this in all the fleshy parts. 
The skin changes colour, blebs appear, and the parts nuy become crepitant from 
the gas formed by saprophytic organisms. Ultimately the denuis falls away, 
followed shortly by masses of soft disintegrating muscle. The hone is exposed 
and the ligaments yield, exposing joint surfaces. 

Infection is often impossible to exclude, and early amputation is performed to 
avoid Anther destruction by spreading infection. Gas organisms readily become 
established, and extension of the tissue loss is imminent, requiring a higher level 
for amputation (pcihaps of the guillotino typo), Insides the associated toxamia 
or even Kpticiruiia Bacteria rapidly track along the tissue planes and main 
vessels It is not unusual, when dividing the thigh for moist gangrene of the leg 
and foot, to find oedema in the deep fascia and a scro-purulcnt exudation about 
the upper thud of the popliteal artery Thus a prompt amputation is necessary 
to avoid local spread anil a serious constitutional illness. A fundamental fact, 
frequently hut tardily realised, is that once a part is gangrenous it is dead, and 
that by no treatment tan it he even partially restored. 

TUEVTMENT »>F O AM. RENE DUE TO CONSTITUTIONAL CAUSES 

Prophylactic Treatment 

Bat nuts mi fining from myocarditis, art crioselei oils, atheroma, calcification 
of the arteries, aneurysm, and diabetes arc liable to develop gangrene after the 
ordinary wear and tear of the daily round, e.g. cutting and manicuring nails, 
ingrowing toe-nails, paring corns and bunions, small punctures from a nail in a 
shoe, hi) re toes or blisters from tight socks, small shoes, and over-exercise. Pro- 
longed exposure to told, a burn or scald such as from a hot-water bottle, or a 
kncKk crush or fall on the foot will also initiate the destructive process. 

The r. jK-AUd application of antiseptics, of caustics (e g. silver nitrate), or of 
oint waits, soaking in hot baths, or scalding fomentations to a minor surgical 
condition uuy finally extinguish the flickering life of the part. Once an inflam- 
matory process u initiated the resulting oedema nuy obliterate the blood-vessels 



SOME ASPECTS OF GENERAL SURGERY 3433 

ami s-o increase the gangrene ; the to.xa.mia of infection is also more potent in 
tiu'.se subject*. It is therefore the duty of the doctor to warn possible subjects 
of t lie dangers and to instruct them as to the care necessary in manicure and in 
toilet, etc. During exercise, thick socks, and comfortable shoes or boots with 
stout soles should l»e wont. Improvement and relief from sjusms of pain usually 
follow the exhibition of iodide* by mouth and diathermy treatment. If the 
Vu.vM.ruu tin reaction is positive, antt-vpeeific treatment is given. 

Earning* of mip.-nding gangrene are breathlessness on ordinary exertion, 
giddiness, tovs of general strength. pms and needles " m the limbs, and coldness 
or shrinkage of the feet wlmh miy be blanched or mottled. Painful cramps 
are felt in the legs after a certain distance has been walked— a distance which 
fends to lessen. There* may lie dumnished pulsation of the dor.-uhs pedis artery. 
Even trivial lesions of the extremities must 1 h> treated with cure. Without 
unduly alarming the patient, enough of the threatened danger m explained to 
ensure that the advice given is carried out faithfully Tbe limb is warmly clad, 
elevated, and rested in bed or on a couch .Strong antiseptics and hot fomentations 

neUT Tri ilinl nf (/,<■ Early Lam l Uswn 

A dull red area uuy upjiear on the great toe. or less frequently on the second 
or thin! toe. Small wounds, which nornully attract little notice or attention, 
fail to heal, merely crusting over a painful process which may persist for montlLs. 
Tfie part is kept elevated. If pus forms, hype rtomc compresses and warmth from 
a radiant heat lamp are applnsl. Biers {Ussivc hyjienwma is arranged for twenty- 
two out of the twenty-four hours. When u scab forms on the wound, it is not dis- 
turb'd hut touched sparingly once a day with weak tincture of iodine or 2 per 
cent mcrruroriitome. and protected bv voluminous dressings. With this care, 
healing may follow w a few weeks rather than days ; any attempt to hurry It 
may do harm 

Other remedies are diathermy to the legs (prolubly the most efficacious), 
also cautious exposures to ultra-violet and mfra-ml rays. 

For the curdio-vasrular condition, alcohol is permitted in small quantities, 
tobacco is limited, and the diet is light and estimated to satisfy comfortably the 
calorie requirement* of the body , over-eating is avoided. The urine is examined 
for albumen, pus and sugar, and appropriate treatment is given as required. 
Occasionally pain is jierHstent. Sedatives are given to ensure sleep at night and 
comfort during the day, but the opium derivatives are avoided as long as possible. 
By intelligent treatment potential gangrene may be averted for months or even 

J cars ‘ Treatment of a SnulU Patch of Gangrene 

In spite of a vi »1 nous attention, an area of gangrene may appear on the toe. 
The measures described arc continued, no wet dressings arc permitted, and 
the part is kept absolutely dry with antiseptic dusting powder. Painting lightly 
once daily with weak iodine tincture or similar non-imtant drying antiseptic is 
useful. Occasionally it is possible to arrest the gangrene; the black scab 
separates, and slow healing follows, or an indolent ulcer remains. 

Indications for Amputation tn Gangrene 
The question of local amputation arises. The policy adopted depends on 
three factors : 
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(J) Social claim. Good conditions permitting care and protection without 
the necessity to work, etc., favour a local removal. When means are Inn.ted and 
the surroundings ate unfavourable, then the minor procedure is likely to be 
unsuccessful and recurrence will follow with the near and tear of the duly round, 
ttlen it is essential for the patient to be equipped for regular work, high amputa- 
tioa with the provision of an artificial limb is the most dependable treatment. 

(2) The arteries. If pulsation is detectable in the dorsalis pedis and posterior 
tibial arteries and the gangrene is dry, a local amputation will probably heal. 
When pupation is absent or feeble, e.g. especially in calcified arteries, reaction 
around the gangrenous area and healing in an amputation close to it will be 
iletaved and weak, oi even absent— a high level amputation is indicated. 

(3) Injection. When infection is present, with or without pulsating arteries 
of the foot, a local amputation is contra-indicated. If pulsation is present, smears 
of the discharge are taken at regular intervals, and when they show steadily 
diminishing colonies grown on culture, a more conservative amputation may be 
performed, e g. below rather than above the knee. The organisms should be 
identified, and prophj lactic injections of autogenous vaccines should be given 
before operation. In gangrene with infection and calcified arteries, a high section 
is required at an early date. Long experience has shown that section through the 
junction of the lower and middle thirds of the thigh is satisfactory and superior 
to division below the knee. 


Amputation for Diabetic and Senile Gangrene 
Amputation for gangrene due to diabetes and to senile arterial disease is a 
major surgical problem. The subject, with special reference to diabetes, was 
studied and discussed by McKittnick and Pratt [Ann. Surg. Oct. 1934, G30). 
These authors analysed the results of amputation for diabetic gangrene in 396 
patients with 496 gangrenous conditions, i.e. both limbs were affected in a pro- 
portion. Their findings apply equally to amputation for gangrene due to cardio- 
vascular disease and to infections m subjects over fifty years of age. 

If untreated, diabetic gangrene is always fatal, for it is a local indication of 
widespread vascular and constitutional disease, so that preservation of the 
affected part is but a secondary consideration when the absorbed sepsis is imperil- 
ling the life of the whole By early amputation, a smaller immediate and remote 
mortality is secured Better functional results follow this policy. The pain in 
gangrene 13 frequently severe, which is another reason for refusing to wait for 
the natural separation of 3 part even if the gangrene is dry. The close co-operation 
of the physician and the surgeon is essential for a successful issue of the 
treatment. 

Diabetic gangrene is of two types : 


(1) Dry yonyrrit,, usually found in subjects ovet fifty-five a „,l associated vvith 
arterial disease. 

(2) HTt gang™,', often infected, but tvith good arterk, ; usually occurring 
10 younger subjects. Here the prognosis is better. 


Dialttie Gangrene tcith Infection. 

i_5* of Nietos, a pulseless foot, gauflene, local infection, and 

lymphangitis ,S a dangerous one, and unless a carefully-planned eatly amputation 
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is performed after detailed preparation, scptica-inia and death follow. The more 
acthe the infection, the earlier amputation is required. Infection by gas-forming 
organUnw is usually present, and as septiramia occurs in a fair porportion of 
cases, a blood culture should be taken without delay. 

T rail incut. 

When lymphangitis is present above the gangrenous part, the limb is treated 
with hot antiseptic hypertonic compresses for twenty-four hours, when, if the 
lymphangitis and inflammation show signs of subsiding, amputation is performe ! 
through thy lower thigh and the wound w ch*ed ; but if the infection continues 
unabated, a guillotine amputation through the upper third of the leg is carried 
out, and the wound is left open. The removal of a septic, painful, and gangrenous 
limb is better immediate treatment for the cardiac and renal inefficiency which 
accompanies diabetes than is j»en>istonce with mcdic.il measures. 

Mortality, 

McKittnick and Pratt found that the mortality of operative interference ill 
all cates is about 11-5 per cent. In patients with gangrene and arterial disca,e it 
is II per tent, as contrasted with 7 per cent in subjects with infection but with 
good arteries, i.e. with adequate blood supply to the extremities. Of 57 deaths. 
18 were duo to Mptictimia, 11 to infection of the stump or elsewhere, and 20 
followed cardiac, respiratory or renal lesions. The survival rate for two years 
and over is surprisingly low. being only about 33 per cent, a fact which once again 
emphasises the gravity of the general illness. 

TREATMENT OK GANGRENE DUE TO LOCAL CAUSES 

These cases arc, broadly speaking, due to some form of trauma, sometimes 
following fractures ; the gangrene is frequently wet in type. Treatment resolves 
itself into prophylactic measures and amputation. 

Prophylactic Measures 

After certain accidents gangrene is soon seen to be inevitable, but sometimes 
it is only a possibility, in which case careful watch is kept for the signs of 
threatened gangrene as already enumerated. A timely exploration will avert or 
reduce the extent of the gangrene. The urine is examined for sugar. 

Three operative measures are available : 

(1) Einbolcctomy (see also page 1019). Gangrene may be due to a thrombus 
formed at the site of the injury, which becomes detached and lodged distally. 
For this condition embolcctomy should be considered. 

(2) Periarterial sympathectomy. If the patient's condition permits, some form 
of periartcml sympathectomy is performed on the healthy artery above the level 
of the injury at the same time as the exploration. It may have a favourable 
effect by causing a temporary vasodilatation to nourish the limb through a few 
critical hours. Thus, after injuries of the foot and leg, with threatened gangrene, 
a periarterial sympathectomy on the femoral artery in Scarpa’s triangle and in 
the upper parts of Hunter’s canal is performed. Either stripping of the external 
coat, advised by Leriche, or the injection of absolute alcohol, recommended by 
Sampson Handley, is earned out. The latter is probably safer as the artery will 
not be injured and the vasodilatation follows immediately, whilst with the stripping 
technique, constriction for several hours precedes the increased blood flow. The 
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effect is transient in either case, but pain is relieved for a time. When gangrene is 

present, the measure is useless, and early amputation i3 required. 

(3) Exploration of the traumalmd area. When gangrene threatens after an 
injury, in view of the inevitable amputation necessary if it occurs, surgical interfer- 
ence, even though it may he heroic, is justified. “ Look and see," rather than 
“ Wait and see,” is then justifiably the surgeon's guiding principle. That all 
fractures should he reduced and suitably splinted as soon as possible is a sine qua 
turn. The standing order in force in some hospitals, that this treatment must be 
earned out within four hours of the patient’s admission, is worthy of general 


adoption. 

The suspicion of impending gangrene having arisen, a definite intimation of 
progress to recovery or to gangrene may be obtained by recording with skin 
pencils, e g. at two-hourly intervals, the levels of : (a) altered sensation ; and 
(b) modified skin temperature 

When gangrene threatens and does not shortly subside, the main vessels at 
the site of the injury are immediately explored. The objection that such a pro- 
cedure converts a simple fracture into a compound one, with its attendant risks 
of sepsis, is, with modern surgical technique, small and negligible as compared 
with the possible of a limb by gangrene. Also, according to Bolder (Zeidralh. 
/. Chir.y May, 1933. 1227), it is the best preventative of tetanus and gas gangrene 
in a compound fracture 

During the investigation of the vessels, hxmatomata will be removed, thus 
rebeving lymphatic and venous stasis and encouraging the resumption of these 
circulations. One of several operations may be necessary : 

(a) Tom or divided arteries call for repair, cither by ligature of the ends, or, 


if possible, by excision of the injured section followed by end-to-end anastomosis. 
The latter u possible only when a short length of the vessel is injured. It aims 
at achieving the ideal, and 13 occasionally successful (see also page 4084). 

(6) The artery may be found apparently uninjured but thrombosed. The 
vessel, after temporary occlusion above and below the block (a tape ligature does 
this satisfactorily), is opened longitudinally and the thrombus is extracted. The 
upper ligature is momentarily released to establish that all the clot is removed 
and that the circulation is present from above. Occasionally more clot is washed 
out by the pressure of the blood stream. The artery is rccontrolled and the lower 
tape 13 similarly dealt with If blood flows from below (this will be a rare occur- 
rence after an accident), it will show that the collateral circulation is working and 
that the continuity of the arterial lumen is established. The vessel wall is sutured 
wuh the finest vascltacd silk threaded on a slender needle, such as is used for 
ophthalmic surgery. 

When the artery 13 opened, the intima or media may be seen to be damaged, 
o. e . a arge tear, or a flap of it may be detached ; if the occasion is suitable, the 
injured section is excised and an end-to-eud anastomosis is performed. Failing 
this the artery’ « ligatured above and below the injured part and divided. 

Ao attempt u made to close the wound, which is made sufficiently large to 
gape open, and is dressed with gauze and sterile vaseline, magnesium sulphate and 
gljterine paste, or 1 in 1000 acrifiavine and paraffin emulsion. Silkworm-gut 
sutures may be inserted and knotted at their extremities, and should the limb 
recover and the wound be satisfactory, they are tied four to seven days later. If 
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immediate closure of the wound U considered essentia!, several incisions extending 
through the deep fascia are made around it for the purpose of drainage and with 
t!ie object of relieving and preventing tissue tension which may be caused by 
extravasations and traumatic adema. 

(c) When a diffuse traumatic aneurysm lias formed, a tourniquet is applied 
above the swelling, but if the swelling is close to the trunk this is not practicable, 
and the main artery must bo exposed through normal tissue close above the 
lesion, and temporarily controlled by a ta|w ligature. The aneurysm is incised 
approximately in the line of the surface marking of the main vessel, the clot is 
turned out, and the cavity irrigated with iml or hot saline at 115° F., the artery 
and vein being defined and dealt with as circumstances dictate. 

The method advised by the Lite Sir George Makins, showing the benefit which 
follows ligature of the main \ cilia of a limb when the chief artery is injured, should 
Ik* adopted in each case. Usually, however, the vein is already thrombosed, and 
the ligature lh not required. 

Finally, and this point is worthy of emphasis, surgery, to be effective, should 
not be delayed ; it must Ik* thorough and radical, and he undertaken in a spirit of 
optimism. Six to eight hours is the longest time to observe a limb suspected of 
gangrene before interference, and a careful exploration is unlikely to have any 
other than a good effect. 

AMPUTATION yon GANGRENE HUE TO IXJCAL CAUSES 

Gangrene presents in two forms : 

(I) The favourable. 

(J) The infectc 1. 

In the favourable form the jurf b.n Ixt-n under skilled observation tliroughout, 
and the measures to maintain and improve the jwtient's strength and to exclude 
local infection have Ihh’U successful. Amputation at the selected level, but 
slightly removed from the gangrene, can lie performed, and the wound closed. 
The prognosis is good. 

A typical example of the i n/nJal form is that of a patient with a fractured 
tilfi.i and filial a who has 1 a - c « (routed by a s//Ji«fc or by piaster, tad not been again 
until five or seven days later, when wet gaugrene with infection is established. 
Threo considerations now arise : (u) The condition of the limb ; (6) the toxemia 
from the gangrene ; and (c) the age of the patient. 

The problem is akin to that of diabetic gangrene previously detailed. The 
treatment is amputation. If the sepsis is gross, a guillot ino amputation below' the 
knee is performed ; if infection is moderate and responding to treatment, the 
wound may bo closed immediately. The section is made above the knee in old 
or debilitated subjects and below the knee in fit persons. 

Toxaemia is present in all forms of gangrene ; it depends on the extent of 
the infection, being especially marked in gas gangrene. Its effect is taken into 
consideration when timing the amputation, and it compels an early operation. 
Pain is often a prominent symptom, and vomiting is suggestive of gas infection. 

CHRONIC PROGRESSIVE POST-OPERATIVE GANGRENE OP THE SKIN 

Post-operative gangrene of tho skin is a rare condition which may develop 
after an operation on tho abdomen or thorax for a septic condition. A sub-acute 
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operative gangrene w akin to such a phenomenon lias been suggested. Wallace 
agrees tlut it nuy be a factor, but does not think it will explain all the proton. 

Pathology. The (lest nut ion is limited to the hkin amt subcutaneous tissues ; 
the muscles anil deeper ti.viUes are unaffected. Htewart Wallace writes : u Micro- 
scopically the edge of the lesions shows extensive fragmentation of the dense sub- 
cuticular connective tissue and u heavy cellular infiltration of the subcutaneous 
fat. There is no thromlxxris of the vessels, which arc universally dilated and tilled 
with hJooiJ, and a large number of polymorphs ding to the walls. This suggests 
that gangrene is due to the direct action of some fyt ic substance on the tissues 
rather than to a cutting off of the blood supply. Mo.s.x s of Gram-jiodtive cocci are 
seen in the centre of the {eaiont, and scattered organisms in diploform or other 
chains in the ju riplu ry." Then* is a marked leui ocytusis. 

Iheirritlogy. Streptococci have Wen found in almost all cases, ami a fair pro- 
portion of them are of a non-h«emolytic strain. Staphylococci were present in an 
appreciable number, whilst Gram-negative and diphtheritic organisms were often 
noted. The infection is certainly a mixed out*. 

Meloney, in two can's, isolated an icrophilic streptococcus from just beyond 
the adeuutous margin of the skin, and a staphylococcus from the slouglis. When 
these organisms were injected together into a guinea-pig they produced the typical 
lesion, hut when they were injected separately, no ciTcet was produced, even 
when the punctures were very dose together. The staphylococcus is not specific, 
for other strains injected with the icrophilic streptococcus produced the lesion. 

Mcleney, Willard and Stewart Wallace consider that progressive poat-operutive 
gangrene is caused by the synergistic action or a symbiosis of a micro-durophilic 
streptococcus and staphyloccocus. The former exists in the human intestine, in 
peritoneal exudates, in lung abscesses, and in hronchicctatic cavities. 

Clinical -picture. Within a fortnight of the operation a gradual progressive 
gangrene of the skin begins in the holes of the tension sutures. The condition 
advances in spite of the conventional measures such as antiseptic and hypertonic 
applications, beat, sunlight, and X-ray irradiation, hlood-transfusious (nnniuno 
and ordinary), injections of arsenic, manganese, antimony and tin, vaccines and 
hem or protein-shock measures. Tough black sloughs of skin form and, on 
separating, leave a red granulating base. Unless arrested by treatment or by 
death, the spreading destruction will involve the w hole of the anterior and posterior 
surface of the trunk and may extend from the occiput to the thighs. It is car- 
buncular in appearance, and the edges arc serpiginous, undermined, raised and 
swollen, and exquisitely tender. The patient often dies of physical and mental 
exhaustion, for the pain is continuous and severe. In a favourable case the 
original wound and stricken area heals from occasional islands of unaffected skin 
and from undcst royed awe.it glands and hair follicles. Considerable scarring 
occurs. The pulse-rate is increased, and a rise in temperature of 09° to 102° F. is 
usual. Pain and insomnia arc outstanding features, hut the appetite and digestion 
remain good. The toxsemia is not marked, and therefore the patient exists for 
months before ultimate exhaustion ensues. 

Differential Diagnosis. 

(1) Pyogenic wound infection. In pre-Lis teriau days, gross post-operative 
sloughing of wounds was frequent, and even now, if an abdominal w ound is tightly 
closed after a septic condition, e.g. a gangrenous appendix, sloughing cellulitis, 
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etc., infection may quickly spread into the flanks, groin, or even into the scrotum, 
but can usually be arrested by incision and drainage. A gas infection is suggested 
by the smell and the amount of destruction present. 

(2) Erysipelas of the skin of the abdomen and chest wall. Erysipelas is not 
a common complication, and necrosis and ulceration are not prominent factors. 
The general toxaemia is severe and in sharp contrast to the well-being of progressive 
post-operative gangrene of the skin. 

(3) IJamohjtic streptococcal gangrene. In hzcmolytic streptococcal gangrene, 
gross sloughing of the skin and subcutaneous tissues occurs, chiefly in the lower 
limbs, and especially near the buttocks. It may begin after small and sometimes 
multiple injuries, and may invade tbe scrotum. The luemolytic streptococcus can 
often be cultured from the depths of the wound and from discharges, and also 
from the blood. Thus it is a septicaemia, and the patient is desperately ill, which 
distinguishes it from the post-operative gangrene with its usual fair general health. 

(4) Amabiasis cutis. An amoebic infection of the abdominal skin follows the 
rupture of amcebic abscesses and, rarely, an acute appendicitis ; it resolves on 
medication with emetine (Heinberger). 

Treatment. 

(1) Prophylactic. In view of the observation that this type of gangrene begins 
in the holes of the tension sutures, it is suggested tliat this stitch should not be 
inserted in septic abdominal and thoracic wounds ; the alternative is approxima- 
tion of the subcutaneous tissues by fine, non-cbromic catgut and closure of the skin 
by clips, c g. Michel clips. 

(2) Local treatment. Once the condition is recognised, the treatment is surgical. 
The advancing destructive edge with a margin of healthy skin and subcutaneous 
tissue is excised with a cautery or diathermy knife. Copious bleeding follows, 
and the complete procedure at one sittiug is contra-indicated when a large area 
has to be dealt with ; the operation should lie completed in several sessions. 
Cautery applications to the Lase of the hare area are rarely required. This 
excision arrests the invasion, minimal areas of destruction follow the operation, 
the pain is relieved and healing begins. Skin-grafting accelerates closure of the 
wound. When the erosion is so large that removal of the edge would jeopardise 
life, an alternative is incision by the cautery or diathermy through the healthy skin 
down to the deep fascia, leaving a margin between it and the inflamed edge; 
the resultant gutter is packed with 1 per cent formalin or zinc peroxide. 

Prognosis. The outlook depends on the extent of the lesion when it is diagnosed, 
and on the institution of the correct remedy. Untreated or ineffectively treated, 
most cases die after months or perhaps a year of continual suffering. Diagnosed 
early and promptly dealt with, healing and recoverv follow progressively °Even 
when the destruction 13 large, a well-planned operation with the cautery arrests 
the inflammation, and recovery ultmutely follows, although the mental exhaustion 
may make the patient a confirmed neurasthenic. 
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CHAPTER V 


Burns 

A burn is a toxic wound associated with much shock, and is almost invariably 
followed by infection. Bums are caused by heat of all descriptions : dry heat in 
the foim of flame (war-time and mine explosions), gases, hot articles, and molten 
metal Fluid heat bums arc usually caused by toiling water or aqueous solutions, 
melted tar, hot oils, and grease. Steam or super-heated steam ia occasionally the 
exciting factor. In industry, boiling chemicals, by their corrosive power, increase 
the injury of the burn The higher the temperature, the more extensive and pene- 
trating is the destruction. 

The pathology and treatment of bums have made considerable strides of recent 
years ; in Great Britain it is largely due to Mitcliiner in London, and to Wilson 
in Edinburgh, whoso findings .are freely quoted in this chapter, and I acknowledge 
my indebtedness to them. 

DLQREES OF BURNS 

Dupuytren’s division of bums into degrees has stood the test of time, and is 
illustrated by tbe diagram (fig. *2912). 

Fmi degree burns consist of an erythema of the skin. They follow exposure to 
sunshine, a hot fire, or a fleeting wave of steam or hot gas. A temporary erythema 


y<3 2'IIJ —Du tO mil's CLA&MHrATlOV or Tile 
DICKIES or Bl'ft'S. 

1 -1st drgree. Ill* rrjUirma. 

2 -2nd dpgtrp, the ljutrr. 

3 -3rd degree, the true ikrmw. 

1 -4 th degree, >Lin and a □ lieu to non us liaauc. 

X— lAV, degree, and muwle. 

0 = Gill degree, the entire lnnb la charted. 


and reddening follows, associated with tingling, and a sensation of discomfort 
and heat m the affected part. The congestion subsides in the course of a few 
days If the exposure is continued, a flaky desquamation of the epidermis takes 
place, and in most subjects a regular brown pigmentation, mottling, or freckling 
develops on the exposed part ; the latter may be permanent. Until the inflam- 
matory reaction subsides, itching is considerable, causing scratching and possibly 
pustule formation r 

1 In second dl 9 ree the heat has penetrated sufficiently to cause an effusion 
5442 
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of scrum between tin* epidermis and the dermis, forming a Mister. It may be 
extensive and involve a limb or the surface of the trunk. When the bleb is ojienod 
and the covering epidermis removed, the inilamed and sensitive true skin is 
cxjwsod. Treated lorrcitly, healing without scarring or impairment of sensation 
occurs, although some alteration and irregularity in the pigment may remain. 

Hums of the third degree are declared when the heat destroys the skin and 
the sul>cutaneous tissues are exposed. These injuries cause considerable shock 
by the noxious stimulation of the exposed sensory nerve-endings. Healing 
takes place by ingrowing epithelium, anti also by outgrowths from papilla* which 
have survived the injury. Treated etlieiently a depressed supple scar results, 
hut the colour w not. as a rule, the same as that of the unaffected skin. 
Sensation is often impaired, uml hair growth is scanty ami patchy. 

A fourth dnjrt -e burn indicates destruction of the skm ami subcutaneous tissue. 
A hairless, tlepressctl, thin, contracting scar remains. 

Afflh drync burn destroys the skin aiul subcutaneous tissues, and penetrates 
the muscles. Slow healing ami chronic ulceration take place. Some degree of 
deformity uud loss of function follows, and amputation may even be necessary 

The iijth degree burn is the most severe, nml describes charring of the entire 
part. Thus skin, subcutaneous tissues, muscles ami bone are destroyed. It occurs 
in furnace accidents, and after explosions, petrol fires, and electrical injuries. 
A fatal result is frequent, or, if the patient survives, amputation is inevitable. 
Hums of the fourth, fifth and sixth degrees are brown and charred m appearance, 
ami the tissue lieneath is pale and apparently avascular. 

EFFECTS OF HEAT INJURIES 

The effects of heat injuries are general and local, described in various stages 
which merge into one another. 

General effects ; (1) Shook— primary and secondary ; (2) toxaemia— primary 
from autolysis of burnt tissue, secondary from sepsis ; (3) complications— acute 
nephritis, scarlet fever, gastric and duodenal erosions, mental instability, and 
neurasthenia ; and (4) death. 

Local effects: Detachment of epidermis and destruction of tissue ; suppura- 
tion and separation of burnt parts, repair, ulceration, contraction, painful scarring, 
and malignant change. 

Primary shock in burns is not common, but some patients quickly exhibit it, 
especially if the burns arc severe. It is attributable to three variable factors : 
(1) the violent painful stimulation of the nerve-endings in the injured area ; (2) the 
inhalation of heated gases and smoke frequently associated with fire or explosion, 
causing carbon monoxide asphyxiation, irritation of the respiratory passages, and 
acute conjunctivitis ; and (3) the fright and anxiety of the accident. 

Wilson found a leucocytosis of about 30,000 in this stage of primary shock ; 
he excluded concentration of blood as the cause. 

Unless the lesion is severe, recovery follows gradually on administration of 
sedatives, warmth, and restoratives. Mitchiner states that in 2 to 2| per cent of 
cases death is due to primary shock. 

The phase of secondary shock develops steadily three to six hours after the bum. 
Tho onset depends on the steps taken to anticipate and to combat it. It may last 
for twenty-four hours without occasioning anxiety’, but, if severe, the patient may 
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become weaker and succumb. Secondary shock is the chief cause of death from 
bums, accounting for 80 per cent of the fatalities. Secondary shock is snntJar to 
that which follows other accidents and operations. It is particularly marked m 
second and third degree bums, in children, and in the aged, also when large areas 
of the skin of the trunk are involved. The anterior chest wall is striking in this 
respect, possibly due to a reflex inhibition of the heart and lungs, for fatalities 
often, occur early after heat injuries of the thorax. 

Secondary shock ts due to several factors : 

(!) Unt noted primary shock (2) Loitered blood volume and blood- pressure. 
The volume of circulating blood is diminished by extravasation of serum into the 
tissue spaces following the injury, resulting in a continuously low blood-pressuro 
and concentration of circulating blood. The capillary wall may lie rendered more 
permeable to plasma by the circulation of ataorbed toxins. At first there is a fall 
in the systolic blood-pressure; later both the systolic and diastolic readings 
fall ; and gradually records may become unobtainable, or the diastolic level may 
fall to zero. (3) External loss oj scrum from the non ml occurs in the first twelve 
hours Superficial burns weep scrum copiously, and it is estimated that this 
volume alone is sufficient to cause secondary shock. It is as exhausting as a 
haemorrhage, and is greatest in third degree lesions. Estimation of the lucmoglobin 
shows tliat the blood is concentrated and may remain so for as long as sixty hours. 

(4) Jlespiratory damage. The inhalation and irritation or the respiratory tract by 
combustion gases is a contributory factor. Further, the slialloiv respiratory move- 
ments in shock, with the low blood-pressure, incompletely oxygenate the circulating 
blood, and, if prolonged, the important cerebral centres arc irreparably harmed, 

(5) Wilson emphasises that the secondary shock is aggravated by cold, and especi- 
ally mentions exposure during treatment, and the trauma of cleansing , factors 
which can both be easily eliminated with care 

The estimation of secondary shock. There are two observations which assist 


the clinical impressions which per setend to be erroneous. Blood-pressure readings 
ate of great assistance in gauging the condition and progress of the patient, and 
wall reveal, for instance, the sudden onset of delayed secondary shock or the 
spontaneous reemery from it. Estimations should be made hourly at first, then 
two-hourly, and later spaced out as the patient’s condition dictates. The 
earliest sign of secondary shock is a lowered pulse pressure with or without a fall 
in systolic level. Pressures below 100 nun. Hg. or a rapid feeble pulse are serious. 
The records give positive indications for intravenous infusions. Deteruuuatiou 
of the hemoglobin content of the blood is valuable, for it is frequently concentrated 
m severe burns, perhaps as much as 135 per cent. The immediate addition of 
fluid to the blood stream is required. In a severe case the hemoglobin is cal- 
culated daily until it becomes normal. Persistence at a raised level requires the 
continuation of intravenous gum saline injections. 

Tex, mu, Thi, depends on tie degree of the bum and on tie nature and 
promptness of the treatment. With the present method of early tannic acid 
applications toiremia is frequently eliminated or considerably modified. Children 
are more sensitive to toxaemia than adults, and this complication causes 10 to 15 
cent of the deaths from bums. The toxmmio stage begins 0 to 48 bourn after 
he bum and usually continues for about ten days, although oeeasionally it may 
last for three weeks. The secondary shook and the toxrcmia sometimes merge 
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with fatal n-sulta in the 2i— J8 hour period. The porous are absorbed from the 
injured area. They arc ut find liquefied burnt tissue, but after the third or fourth 
day bac terial products {particularly tho>c of the luemoiy tie streptococci) arc 
Mipcnulded. 1 1 is noteworthy that extensive superficial burns, such aa result from 
scalding or explosions, arc followed by a much severer toxemia than arc those 
which penetrate deeply. An explanation of this may be that the large potential 
absorptive area— the sutauticular lymphatic and capillary system- U ojtcned by 
diffuse but superficial burns. In some cases, the unfortunate victim suffers even 
further by the nlisorption of wound applications, bueli as picric acid, iodoform, or 
carbolic acid. 

Wilson (hVui. Mai. Jour It. , 1935, XL1I, 177) recently described his research 
on the toxoauu of burns. Ife pnx bleed the toxin by extracting fluid from the 
mlematous tissue adjacent to a burn. Wien injected into liealthy animals it 
caused acute and often fatal toxu'iuia similar to that occurring after burns. The 
toxin was not present inuncdintely after the infliction of burns, but took several 
hours to develop, thus cot responding with the time of onset of tox.emic symptoms 
— i.o., six hours. Ddrlrria were not always present in the extract, but if they 
were they augmented the toxicity of the experimental fluid. The delay before the 
toxin appears suggests that it Ls elaborated by a vital process such as by autolysis 
of the injured tissues. The nature of the toxin is not established ; chemically it 
promises to bo a higher protein derivative, and more than one noxious agent may 
Ihj present. It contains an luqutic cell poison, a neurotoxic agent, and a depressor 
substance. Wilson considers tlut its effects are similar to tlio.se produced by 
jHiptonc injections, and finds that when the tox.vmia is fully developed it resists 
all known forms of treatment. Ho hopes that ultimately nil effective antitoxin 
may available. 

.Etiological factors in tour min. Wilson found that: (1) Tho blood chlorides 
and the blood carbon dioxide combining powers arc within the normal ; (2) tho 
leucocyte count is normal ; (3) the venous and capillary blood is not unduly 
concentrated ; (i) little or no bacterial growth is at first obtained from the bums 
or from the patient’s blood ; (5) recovery may be spontaneous ; (G) the adminis- 
tration of gum salines is followed by improvement ; (7) saline infusions seem to 
aggravate the condition ; and (8) in grave cases the blood-pressure suddenly falls. 

Si/wjftom of acute toxamia are: (1) The pulse-rate and respirations are 
accelerated. (2) Hyperpyrexia, 102° to 105° F., is constant and persistent. 
(3) The face is pale and cyanoscd. (1) Vomiting is marked in a serious case. 
The vomit may contain blood from gastric erosions. Diarrhoea also occurs. 
(0) Patients arc anxious, restless, and later delirious (in infants there may be 
general convulsions). Drowsiness and apathy supervene. (6) The pupils are 
dilated. (7) Coma and death may occur two to five days after the bum. 

Sepsis-time of onset. Sepsis is evident about the fifth day, and is mainly due 
to tho hiemolytic streptococcus which can be cultured from the wound but rarely 
from the blood stream. Septicaemia may appear about the ninth day and pass on 
to pyannia ; this is more likely after deep burns. The onset is frequently sudden, 
but may bo insidious. 

COMPLICATIONS OP UUKNS 

These are seen less frequently with efficient tannic acid treatment, but 
formerly they were common. They arise mainly during the period of septic 
VOL. in. — 3 o 



5446 POST-GRADUATE SURGERY 

absorption The vital organa are affected most. Delirium tremens chiefly affects 
males who habitually take alcohol. Toric jaundice may appear in the acute toxic 
sta^c— i e. before the fifth day— and is due to the destructive effect of the toxin 
onlhe liver. Broncho-pncumon ia or sloughing of the mucous membrane of the 
trachea and bronchi occurs more particularly in the aged and in patients with 
burns on the chest ; indeed, it is often the terminal factor. The inspiration of 
heated, irritating, or asphyxiating gas is frequently the causative agent, and 
death occurs about the fourth day. In the septic stage, pulmonary emboli arise 
and eauie dyspnoea, blood-stained sputum, and pleural effusion. Scarlet fever 
in a nuld form may develop after an incubation period of from three to four 
days The rash first appears about the wound, and then spreads to the rest of 
the body. The fauces are but slightly involved. At the same time, the suppura- 
tion m the wound usually increases, lymphangitis develops, and the lymphatic 
glands draining the part enlarge. This type of scarlet fev er is not very infectious, 
and isolation, although desirable, is not strictly essential. Acute nephritis is 
manifested by blood and albumen (occasionally both) appearing in a scanty 
urine. It de\elops in association with scarlatina, and is probably due to the 
streptococcal toxaemia. Vomiting or hamatemesis during bums suggests acuto 
gastritis or duodenitis with erosion of the mucous membrane, and is an indication 
of the absorption of the bacterial or metabolic poisons. Erosions have been 
observed about the ampulla of Vater, which suggest the possibility of the toxin 
being excreted in the bile — a reasonable deduction, considering the severe liver 
damage in bums. Perforation of the stomach or duodenum has very occasionally 
occurred about the tenth or twelfth day after a -bum. Tetanus and gas gangrene 
complicating bums have been reported. The infections are considered to arise 
from inoculation of the organisms at the accident, especially at outdoor fires— e.g. 
at factories, farms, hayricks, petrol explosions, and in aircraft crashes. 


HEATH FROM BURNS 

Immediate death may result from syncope or asphyxiation due to the products 
of combustion, chiefly carbon monoxide. The most fatal period is towards the 
second twelve hours, when death results from severe secondary shock. A patient 
may walk out of the cage of a mine or away from the scene of the accident, and 
yet collapse fatally a few hours later. During the first week death follows intense 
tosanua, and may be precipitated by an acute pulmonary infection, especially 
after asphyxiation. In death from toxemia, the liver changes are marked, the 
central cells of the hepatic lobules showing severe necrosis or fatty degeneration. 
To a lesser extent, the kidney and brain cells are similarly affected. The picture 
■s of death from acute Wunia of non-bacterial origin. Later, during the stage 
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LOCAL EFFECTS OF IlUtlNS 

(1) A/uc/imh ut of cpithrmit. Wilson considers that the epidermis is detached 
at the moment of contact with the heat, and before time has elapsed for blistering. 
In ail explosion, the epidermis of the face .separates readily, nnd similarly with the 
hands it is described jus peeling off like a gloxo. II listers take some time to develop 
and follow scalds ~i.c. the comparatively lower drgrees of heat. They arc rarely 
seen after explosions — e.g. coal-mine explosions, lie suggests that “ underneath 
t ho very impervious stratum Iiiehluni of the epidermis, gas nnd .steam are suddenly 
dcvelojied in tlu» application of heat, thus lifting the outer layers. This gaseous 
layer probably prevents to a considerable extent the subsequent deeper penetra- 
tion of heat, just as, in the spheroidal state, a layer of steam prevents the heat of 
a red-hot metal from }>cnctratiug into a drop of water." 

(2) Stage of infirtion mut sr jut rat ion of injured fmuc. This stage of the injury 
is that of intlammatorv reaction, which ultimately separates the non-viablc 
jurts liy granulation tissue, Unless the primary treatment is carefully instituted, 
the destruction is quickly extended by infection from the skin, clothing or dirt, or 
from the domestic greasy dressings so often applied. Burris of the buttocks are 
particularly liable to sejipus. The jio.vsibility of g.is gangrene infection must be 
rcmcmlicred in jieiict rating burns, General toxicmia is associated with the phase 
of suppuration in the wound 

(*1) Stage of healing. When the slough separates and the infection is over- 
come, a healing, granulating wound or an ulcer remains, ltefwir is often slow on 
account of the exhaustion and low level of health of t ho patient. Exuberant 
granulations develop, and unless the part is suitably splinted, excessive unsightly 
and contracting scarring is liable to follow. Tho part is splinted to keep the wound 
at its greatest dimensions, thereby chocking the tendency to a contracted and 
movement-limiting scar. Thus a limb burned on the lie \or surface if allowed to 
heal in llexion will seldom regain full extension until a plastic operation is per- 
formed. Burn cicatrices are notoriously unyielding and adherent to the deeper 
tissues. 

TOE.tTME.VT OF BURNS 

“ Effective treatment must be undertaken as quickly ns possible and every 
hour of delay counts heavily. In this respect it takes precedence of many 
abdominal emergency conditions.” ( Medical Treatment of Men Burned in Colliery 
Explosions, 1933, 5.) 

Wilson urges the institution of “ Bums " wards with a specially trained staff. 
The temperature of these wards should be amply raised, for many of the patients 
arc considerably exposed during the tannic acid treatment. .’Uitchiner at St. 
Thomas’ Hospital found the mortality and duration of illness considerably reduced 
when all burns were under unified control. 

First-Aid Treatment 

(1) Burning. Flames arc extinguished by throwing the person down, rolling 
him on the floor and wTapping him with a coat, blanket, rug or sacking, and by the 
judicious application of water. The terrorised attempts of the patient to rush into 
the open air must be resisted, for this merely fans the flame. 

{2) Asphyxiation . Artificial respiration is performed until regular breathing 
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returns and tlie pulse is palpable. When available, these efforts are supplemented 
with inhalations of oxygen and C per cent carbon dioxide. 

(3) Dressing A compress of tamiic acid is applied to the affected area • a 
ready homely remedy is a handkerchief soaked in strong cold tea or a compress of 
tea-leaves. Failing this, a compress wrung out dry with 1 per cent aqueous picric 
acid 19 applied Inter no cireu instances should Jlour, canon oil, or other areas i/ 
substance be used. The»e preparations are ineffective and septic, and render the 
application of tannic acid difficult, time-consuming, and shock-producing 
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(-) Dressings* Whilst dealing with the general condition it is important to 
remember that the local londition is the primary aggravating fait or, and atten- 
tion must he quickly directed to the injuries and burns. Delay whilst “ treating 
the shock '* is harmful. Compresses soaked in fresh - to 3 per cent tannic acid arc 
applied; this coagulates the burnt tivuie, arrests the lo-vs of scrum, checks the 
absorption of toxins, and relieves the pain— a vital fat tor in the prevention of 
shock. 

(3) Intrmvmus 0 per cent gum saline. Wilson states that the secondary shock 
can Ire prevented or relieved by the prompt infusion of a colloidal solution. Ho 
finds it preferable to blood- transfusions, and considers that ordinary saline h 
Useless or even harmful. He advises 000 to 1000 cc. of gum saline slowly intro- 
duced. If the blood- pressure is at or near the normal level after twenty-four 
hours, nothing is to Ik* feared from secondary shock. 

(1) Oxygen and ciubon dioxide inhnbtlum. The continuous administration of 
oxygen and carbon dioxide increases the depth of the respirations, and thereby 
assists in raising and maintaining the blood-prcssurc. 

(5) Maine. An adequate sedative is given immediately. A pre-an.esthetic 
of morphia or omnopon and scopolamine frequently eliminates the necessity for 
an ana>th«tic later, and the wound can be treated under the morphia effect only. 
The author has found Mite Inner’* Dosage Table valuable. Copus ran usefully 
1** rarriid in a note-book or hung up in the Casualty Department. 


UOSB OK SKIUT1VK lUtEIMBATOHY TO CLBANMNO (llITCHINKtt) 



ClUMmKX. 


Aurtrs. 

Age. 

I’n'jMinttion. 

Age. 

l’iej mi ration. 

1 month 

Tinct. carnph. co. m. ii -iii 

12-15 years 

Tinct. opii. m. xxx or 

2 months 

Tinct. carnph. co. m. iv- vi 


inj. morph, gr. £ 

3 months 

Tinct. opii. in. J 

15 20 years 

Tinct. opii. m. xxx or 

G months 

Tinct. opn in. 5 } 


inj. morph, gr. \ 

1 year 

Tinct. opn. m. ii ui or 

Over 20 years 

Tinct. opii. m. xxx or 


inj. morph, gr. 7 ’ a 

(women) 

inj. morph, gr. J-J 

Over 1 year 

Tinct. opii. in. ii for each 

Over 20 years 

Tinct. opii. m. xxx or 


year and in ii in 15 mm. 

(men) 

inj. morph, gr. 


if necessary or 




inj. morph, gr -\j for 




each year. 




Xote .— Atropine sulphate * 0 to r ,‘ 0 gr. or coramine l cc. is given for slow 
or shallow breathing. Tinct. opii. is more satisfactory than morphia. 

(6) Prophylactic sera. When injuries and bums have been sustained out of 
doors, e.g. a hayrick fire, an ignited motor vehicle, an aeroplane crash, or war 
explosion, there is the danger of tetanus and gas gangrene, and prophylactic 
anti-sera should be given early. 

(7) Did. The diet in cases of burns for the first two weeks is important. It is 
dictated by the intense congestion, degeneration and necrosis of the liver which 
develops within a few hours of the injury, thus rendering the organ incapable of 
dealing with other than the simplest food. The diet should consist of water, 
flavoured with lemon or orange juice and generously sweetened with glucose, 
until the temperature and pulse have been normal for twenty-four hours. 
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Deviation from tie schedule, even to millt, will oft™ canoe a rise in temperature. 
Patients will exist comfoi tally on tills diet for two to tlireo necks. 

Treatment of the Burnt Amts 

bv Ireif **"* , KrSt b “ ra, '‘ r o usually due to sunburn or to scorching 

Xta t’,„r of 7 ’ 77 Til °f ,,Uitklj ' ra, "' vcd V “"Tresses or freipicnt 
applications of load lotion, spirit, sodium bicarbonate solution 5 per cent or 

sedftte bS „ T], ° '' Mdcmeni r riw ° ut «>° 

unnccessary^clnHingl’and therefortMribock? The'e&entiall^onbn openrtion are i*^ 
( “’ entire limits luZtZ “» ° f **■- * <k« 

o' 1»- g ed skin. 

(cardinal s i M aily n , / n 1 *“*’ mt or “ ■= ,u '»I>inB brush 

lubited in shocked and exhausted burnt Zi27 T™ ST' 0 “n r F °' 

deeper degree of ainesthesia— a f„ ,i ''sum, they call for a 

Then t * TANNIC! ACID TOBATUBNT OF BUXK8 

solution oftannie acid was first 

The action of tannic acid iZ b '°'™ coagulum remains. 

W on? i" “ g tl “ >“» "fseruin tlL n?? 10 - 1 ™ 1 “““O’ tLus reducing 
l7o Lfi ^ou^-pressnre and shock. TfZtT' """""Wng dehydration, the 
infective 3masc<1 ceIls *s preventetl. thus din? ■ 7 tmue3 the absorption of 

“ d exhaustion r re Xd'; S *— * T "“ — 1 

if t k , \ ^ lc P ait is effectively splinted ij -i ^ P roni P t a »d efficient 

l ’“ m " “*“*H r.e„ve^ y ust^t„ ££ *-^ **-* ™-s. 

ten to sixteen days with a 
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supple mul inconspicuous scar. If the hum is deep, the coagulum will separate in 
alwut fourteen daw, leaving a freely granulating area covered hy pus. 

The Solution of 7*4111 uic Acid. 

Fresh aqueous tannic acid solution must always Iw used, for it becomes 
mouldy and useless on storing or gradually hydrolysed into gallic acid and pyro- 
g.tllol (indicated liy a dark colour). The addition of perchlorido of mercury, 
nuking the solution 1 in 1500, checks the mildew formation, hut the mercury 
slowly decomposes and the tannic acid becomes “ dead ” in two months. A fresh 
preparation is advisable for each case, and it is tast stored in a powder consisting 
of tannic arid 15 grs., with |x*rcldoride of mercury 1J grs. This is dissolved in 
four ounivs of distilled water, making a -H per cent solution, which will keep during 
the course of treattueut of a patient. T.uutic solutions over 1 per cent form a 


y>i- 2a»l— Mi LnriM « um 
Arrutvi itixamuTuni 
ikksi'hi Tue irrnitn iitii 


tough surface coagulation which prevents further penetration and so limits tho 
coagidation, and for this reason the stronger solutions arc not always advisable. 

The Api&ication of Tannic Jen/. 

The tannic is applied by a spray or compress, and is then dried. On the trunk 
and limbs either method of application is satisfactory, but the compress is more 
easily arranged. Tannic acid has no effect on healthy skin, but is irritating to 
mucous membranes ; therefore, during the application the eyes, nostrils and 
mouth am protected by small pods wrung out in saline or sodium bicarbonate 
solution. Tho usual method of drying is by an electric cradle over the affected 
part (fig. 2913), by encirclement with hot-water bottles, or by gently applying a 
hair-drying apparatus. The evaporation must not bo conducted too vigorously, 
or otherwise tho 2 >cnctrating power of the acid is arrested and a poor coagulum 
forms, or tho patient may bo overheated and stifled, causing restlessness and 
sweating, which arc harmful generally to the burnt area and to tho coagidation 
process. Arrangements arc made to maintain tho body' warmth and to avoid 
chilling during the necessary exposure of tho patient while the tannic solution is 
drying. When a spray is used, the acid is applied from a sterile glass atomiser. 
It is alternately sprayed and dried every half-hour for three hours or more until 
a firm 1 black coagulum results, and after that three- to four-hourly for twenty-four 
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compress and rails fof nuvft attention,, ft* me U rust advisa-Ele except va hospital, 
in i miMin" home, or in the patient % own. home when operated by a skilled 
person 

The- tannic ami is reinforced f»y several farther applications daring the second 
twenty- four hotirs The eoa-nilum becomes adherent and remains in posit ion for 
7-21 <1 ^ * when in satisfactory cases it flakes off, revealing as a rule a healed or 
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The part is carefully splinted m the position of maximum extension, so as to 
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Liter .tpjtlicaiio ns for Burns— Ointments. 

Ointments arc Useful for partially healed areas after tho tannic crust hag 
m-j united. The}* are applied on sterile lint : 

( 1 ) Calamine 30 grs. (2) H’dioa’a Ointment : 

/.inc oxide -JO gra. Zinc oxide 2 drachma. 

Oil of tewbeno IG minima. Oil of eucalypt us 1 drachm. 

\ .undine 1 ounce. Vaseline 1 ounce. 

CW< of Multiple Burns. 

TnultHcttf tetih 2d jtrr cent tnnmc acid. When several patients require treat- 
ment, as in war-time casualties or m a miuo explosion, it ia not jwssihlc, owing to 
shortage of staff, etc., to spray patients with the weak solution every two hours. 



a » 

fig 24U —A r*»« or hivkki (A) Imjikkutu-v aitik T«i*Txe\T »«• ta HW »at>, 

axi» (II) tit day* um- ("tWiiswr.") 


Tannic acid 20 per cent in acriflavinc I in 1000 is the preparation which best 
meets the situation ; one application is usually sufficient, although occasionally a 
second painting or spraying is required (fig. 2915). 

The Home Treatment of Burns by Tannic Acid 
For the minor bums and scalds occurring in the course of domestic life, the 
tannic acid compress and spray arc unsatisfactory when used by patients in their 
homes, for these procedures arc rather messy and require some degree of intelli- 
gence for their effective application. Further, the doctor cannot attend frequently 
to use the spray, nor is it always advisable to leave it in the hands of the patients 
and their relatives. 

(1 ) Tannic add 20 per cent. Wilson’s solution (tannic acid 20 per cent in 
1 in 1000 acriflavinc) is efficient and convenient. After the careful preliminary toilet 
has been carried out, the above lotion is painted on the area with a sterile brush and 
is thoroughly dried. The applications are continued until a dark mahogany colour 
is produced ; 2-3 coats are usually required. This treatment can be safely per- 
vol. in. — 3o* 
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hours. This method is satisfactory for lesions of the face and of the perineum 
wIictg dressings are difficult to retain in position, but it is not so quick as a 
compress, and calls for more attention. Its use js not advisable except in hospital, 
in a nursing home, or in the patients oivn home when operated by a skilled 
person. 

The tannic acid is reinforced by several further applications during the second 
twenty-four hours. The toagulum becomes adherent and remains in position for 
7-21 days, when in satisfactory cases it flakes off, revealing as a rule a healed or 
granulating area. For success, dryness throughout is essential. 

The part is carefully splinted in the position of maximum extension, so as to 
ensure that the coagulum forms over the largest aflectcil surface and thereby avoids 
crinkling and later eraekmg(fig. 2911). After four or five days the coagulum contracts 
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and retract, from the edge of the burn-an undesirable process which is ugg.as 
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hat they may be avoided, for a break the surface alloa s the access of bn. I 

ml.en, o' n rea f"2 ° fl . p,e “ S 0f thc ctust “ a ' 1 attractive pastime In - 
paticn s, especially children). A, lull, arc , rawed to leave it strictly alone, 
smtabb restraint of the hands and feet prevents children from intorl. 


Bum, of first, second or third degree show gratifying results-™, later ol r. 

™°d ‘aTsenaraTon ■ Tl" ”* “ sl ' cd ' ““I 1 " heal more she 

and as separation la delayed, suppuration 1 , more probable. When the comm 

Plat r'oftr™ ^rilc vaseline or obtment pti 

plastcr-of-Paris case is helpful. When tho area is superficial a success!™ 

****** SnA, n, 
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Iiurn and admitting sepsis, In a circumferential crust, the contraction acts like a 
tourniquet on the limb, e.g. a fuigcr or the wrist, causing axlcma and exudation. 
Liter, wasting of the jurt from ischaimia, and occasionally even gangrene. In 
these lUAoa the augulum is split down the sides and a piece of 1 in J 000 acrifla vine 
gauze is laid along the resulting fissure. 

{(>) Contamination of the affected areas by food, driuk, saliva, 

mouth -washes, tears, urine, fates, and toilet water is sedulously avoided (fig. 2916). 

(7) I momma. Insomnia is experienced by some patients due to the discom- 
fort and constriction of the crusts ; suitable sedatives (avoiding opium) are given, 
for sleep is essential to maintain the general health and the steady repair of the 
bum. 

(8) Further IdisUrs. If further blisters and pustules develop, they arc opened, 
sponged, and tanned. 

Essentials of Tannic Ac id Trmtmcnt Summarised 

(1) Thom ugh preliminary cleansing. 

(-) Early application of freshly- nude 2$ per cent tannic acid, continued 
rejKMtedly for twenty-four hours. 

(•1) Thorough drying. Waterproof dressings are unnecessary and harmful 
Utuler mo eireuimttwn s At void the mogul tun be allomd to become i at. 

(1) Moist dressings and hot fomentations, whether antiseptic or otherwise, 
must on no account lie applied. 

Criticisms if the Tannic .tcul Mtthod 

Tumor (Il.M.J., 1933, II. 993) offers the following criticisms of the tannic 
acid treatment of burns, basing his remarks on a five-year experience of the 
tannic method, and a one-year period witli a modified mcrcurochroinc technique. 
During the six years lie bad the large experience of 2,696 incapacitating burns. 
Ills observations therefore demand attention: 

(1) The tannic acid co,ignluin It is coarse, tough, and non-transparent, so 
that pus forming beneath Jt is difficult to detect and may spread over a large area 
before becoming apparent or perforating the crust, and thereby destroy the young 
epithelium. When the scab is removed from such a bed of pus. a coarse gran uia ti on 
tissue remains, which heals slowly and tends to produce gross scarring. Turner 
considers that this difficulty can be overcome by the use of a thin transparent 
scab, such as that produced by mercurochromc. 

(2) The corrosive action of tannic acid. Tannic acid stains and is destructive 
to clothing and bed linen, which rots after a few visits to the Liundry. Mackin- 
toshes arc necessary to protect the bed, and these act on the burnt area like a 
fomentation, delaying evaporation and so interfering with an essential of the 
tannic treatment, i.e. free evaporation and the preservation of dry crusts. 

(3) The chemical instability of tannic acid. Tannic acid is rapidly unstable in 
aqueous solution, although certain antiseptics do prolong its useful life. 

MEUCUBOCUROME TREATMENT OP BURNS 

After trial with several drugs. Turner decided on a 2 per cent aqueous solution 
of mercurochromc. He has experienced encouraging, rapid, and reliable results, 
aud claims the following advantages for it : 

“ (1) It does not precipitate protein, thus it will penetrate the devitalised 
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burnt tissue. (2) It is an effective antiseptic in the presence of protein, thus it 
will inhibit the development of infection. (3) It forms a crust on drying which is 
thin and transparent, (i) It does not irritate the tissues, (a) A 2 per cent 
aqueous solution is permanently stable. (6) Healing progresses steadily under 
the scab. (7) Pam and discomfort are no more than by other methods. (8) It 
does not destroy the bed linen.” 

Technique of the mercurochrome treatment. Mercurochrome is applied in the 
“ "7 33 ta T lc u ac \ d - the Preliminary opium sedative being given (see page 
044*1). after which the cleansing is earned out. 

(1) The affected parts arc swabbed wttl, 2 per cent aqueous mercurochrome 
and then dried. 

(2) Ibi mercurochrome is reapplied as follows : 1st day-0 hourly 2nd 
... r 37 ® t “ nes a • 3rd da y and subsequently— twice daily. 

"ft “ Perf T’" td Mch »»««»■., tha ari then bein- 
exposed to the atmosphere. 

<4) L",' larSC ft * ft Ked and ,hc P"'™ 1 I'W to lie on part of the 
isftmteh *1 ft' 0 ° ° f ‘ te " a> ' ** S P 0,W lmle “ “bsoluto dryness 
t ,“ m “ S a ° d bK ra > ti| a' i ™ around the patient 
avoid this possibility Mackintoshes under the sheet are at oided i/p^Yhle. 

J d r rf 

from os er and around the affected nart ftbv b> the covering away 

applying the mercurochrome as before ’ bb “ 8 h “ 0rmal Mline ' anJ rc ' 
In Turner's erperience no tozir effect, have followed the use of this drug. 
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pain quickly, of coagulating the ,unerfi« l * 1 ^ the V ' ,rtue of relieving 

Scamng, however, was considerable .^Picric aridblaft ° f 5,im ft in g hralin S- 

unless the preliminary cleansing uthorouoTft , • ™ P CI, ' tal -S power, and 

under the crust There were ether dft 2 lift "ft a ” d deVelo I’ 

idiosjmcrasytothedrug.andtheanol.ft , S ? : Mrtam ! “ b jects had an 

irregularly on the rest of the body P ? ft foUow " 1 Persistent dermatitis 
the picric acid was absorbed from the d ' “ h ™ ft* 8urfa «* were invohtd, 
eeptiblc poisoning by »” — 

apathetic, da 2ed , and ultimately coS S “ C ° Iour - ui{h ^llow vision, 
and rontamed albumen. ° se ‘ ** «nne was tinted yellow or red 


The danger of poisoning following * 1 , 
to coroners who occasionally ask pminL^” 10 7“* treatment of burns is known 
0 concemins thc obiervance 

treatment bv the tannic acid method ^ aCld is twice tf >at which follows 

Foiioicmg r P t- c rr ° f # bckss - 

Test, afterwards there was a ^ ft u[ “■» "hr and for several 

Phase of painting bunl5 ^ 
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accidents, and the features may he destroyed and the patient rendered un- 
recognisable. 

The hair is dipped and shaved, leaving a clear wide margin around the lesion. 
With protecting pads of moist saline gauze over the eyes and nostrils and inside the 
mouth, the face is sprayed with tannic acid or mercurochrome as already detailed. 
Adults are warned not to touch it, and children’s hands are tied. Feeding is by 
fluids through a tub** and funnel, supplemented by intravenous infusions, etc. 

Eye The e\e may be burnt by hot metal or fluid, or by a corrosive. The 
dang >*r is tv. ofold first, when the cornea is injured the globe may become adherent 
to the e\elid (svmblepharon), or the eyelids may adhere to each other (ankyloble- 
pharon) The injury is treated on the same lines as a conjunctival or corneal 
injury or ulcer The frequent introduction of warm sterile vaseline will prevent 
fusion ol the eyelids or organisation with the cornea. Law advises passing a 
smooth glass rod under the eyelids to the limits of the conjunctival folds twice 
daily to avoid adhesions. 

Neck. Severe bums of the neck arc quickly followed by tracheitis, bron- 
chitis, or broncho-pneumonia. The neck is difficult to fix during the coagulation, 
but the process can be assisted by securing a padded back splint with a foot-piecc, 
or by a plastcr-of-Paris case to the forehead and round the chest. The tannic acid 
is applied with the neck turned so that the bum is stretched to its largest area, 
thus instituting conditions for healing without deformity by torticollis. The 
nose and the mucous membrane of the mouth are protected. If they aTe affected, 
frequent irrigations with bicarbonate of soda or slightly hypertonic solutions of 
sahne and sodium sulphate 2 per cent are made, with the addition of adrenalin or 
ephednne. 

Upper Limb and Shoulder. Bums of the upper surface of the shoulder are 
nursed with the arms down to the Rides, whilst for the axilla the arms are placed 
in the policeman stop positton or in the “ crucified ” posture, thus avoiding 
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the fixation of the arms fo the side by scarring. The cnagutn of circumferential 
burns of the arm ore split at the sides, allowed to gape, and then cantiously re- 
tanned by the weak solution. Alternatively, a piece of flavine gauze is laid over 
the gap to avoid infection. Tin* separation allows swelling of the limb and avoids 
interference with the venous ami lymph circulations. 

Wien the anterior or Jlexor surface of the forearm is affected, the arm is splinted 
in extension, and if the posterior or extensor area is damaged, the arm is splinted 
in the flexed position. If t>otli surfaces of the arm and forearm are burned, splint- 
ing in extension to 135 degrees is probably l»ost, with the hand in semi -supination 

Fingers caff for care in three respects • 

(o) The tannic acid applied is only I 1 per cent. Each application is a spare one 
, in order to avoid a thick unyielding crust n Inch n ould contract and impair 

the blood supply to the tips, and lx* followed by atrophy or even 
occasionally by gangrene of the pulp of the fingers. 

(ft) Before application of the tannic, the fingers are splinted in full abduction ; 
small puls of wool, a hind.ig*\ or corks pressed in between the webs are 
satisfactory for this. 1, imitation of mo\cmcnt by scarring and contraction 
is thereby minimised (fig. 2917). 

(c) A splint is applied to keep them m a position of flexion or extension 
according to the surface chiefly burned. A silkworm-gut suture through 
the end of the finger is useful to fix the puts in extension or flexion as 
required. 

Trunk awl Thigh*. Bums of the abdomen and front of the thigh aro nursed 
with the pitient lying supine under a cradle The pressure points arc treated 
frequently, and the patient lies on the sides for relief. 

Bums of the hack and jwfcanr surface of the thigh arc treated with the patient 
lying oil the face. This prono position is quite comfortable and is satisfactory for 
sleeping, the bead living turned to one side, and pillows being unnecessary. 

Perineum and Uuttoek *. Burns almut the buttocks and perineum ore 
complicated by two factors • 

(a) The presence of infection (especially of gas organisms) from the anus and 
genitals. 

(b) The difficulty m the toilet, nursing, and application of dressings. 

A painstaking dchndiimut is accessary. A child is slung by the feet into 
the “gallows” position (as for n fractured femur) or splinted as shown in 
figure 2011 ; thc®e procedures simplify nursing, and the excretions are easily 
controlled and collected. 

An adult is treated on the face with the legs abducted by bandaging the 
ankles to the corners of the bed. The tannic acid is sprayed on, as compresses 
arc difficult to retain in position. 

Micturition and defalcation are satisfactorily managed by the use of small 
receptacles and protecting pads of dry wool. An enema on alternate days immedi- 
ately after breakfast ensures an action and minimises the soiling, although the 
patient on fluid diet tor the first 7-10 days has no bowel action, and rio ill-effects 
follow such a period of constipation. 

The anterior pressure points arc protected, and treated frequently to avoid sores. 



CHAPTER VI 
Peri anal Suppuration 

Peri-anal .suppuration is a frequent occurrence, and detailed attention to 
diagnosis and treatment is necessary in order to secure prompt healing and to 
avoid a residual fistula-in-ano (see also Yol. I, P a ge 1327). 

Peri-anal suppuration may be classified as follows : 

(1) Peri-anal boil or abscess. 

(2) Submucous abscess. 

(3) Ischio-rectal abscess. 

(4) Pelwrcetal abscess. 

Peri-anal Boil or Abscess 

Peri-anal boil or abscess is a frequent condition which arises in association 
with chrome avitaminosis, pruritus ani, worms, etc. It develops by infection of a 
liair follicle or sebaceous gland, and is in no way different from boils in other parts 
of the body. It causes considerable inconvenience, pain, and malaise. A responsi- 
bility of the practitioner conducting its treatment is to exclude a connection with 
the rectum or anal canal by carefully palpating these areas with a finger in the 
rectum, especially seeking a track of induration, or perhaps tenderness connecting 
the two. A rectal speculum is inserted and may reveal a fissurc-in-ano, occasion- 
ally a foreign body such as a fish-bone, rarely a fistula, and still more rarely a track 
from which a bead of pus can be expressed. 

The association with the alimentary canal excluded, the boil is treated on 
general lines. As the boils tend to appear m crops, no half-measures, either local 
or general, are permissible or effective. The patient must stay in bed, and hyper- 
tonic compresses are persisted m throughout. The bowels are opened on alternate 
days after a turpentine enema, and if a wound is present, it is first protected by 
gauze thickly plastered with sterile vaseline. Incision is rarely' required, but if 
the skin over the abscess appears unyielding, there is danger of spread into the 
ischio-rectal fossa, in which case an anesthetic is given and a crucial incision is 
made on the lines to be described for the treatment of ischio-rectal abscess. Wide 
excision of the skin edges is unnecessary. 

Submucous Abscess 

The submucous abscess may be a superficial collection of pus secondary to an 
abrasion, but, as in the case of the peri-anal boil, the danger is that it is secondary 
to an ischio-rectal abscess or that, if untreated, it may track between the 
sphincters and infect the fossa. 

Isckio rectal Abscess 

The ischic-rectal abscess is a collection of pus in the ischio-rectal fossa proper, 
and is a much more serious condition than a peri-anal boil because it is frequently 
5402 
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connected vith the rectum or anal canal; the somewhat difficult subject of 
fistula-in-ano is also concerned (sec also Vol. 1, page 1327). It is usually acute, 
occasionally sub-acute, and may be chronic, when it is associated with a fistula- 
in-ano or is possibly tuberculous. 

The infection is usually a mixed one containing staphylococci, streptococci, 
B. coli or other organisms. The smell of the pus is a prominent feature ; it sug- 
gests infection until gas-forming organisms which enter from the bowel. In this 
event the spread may be rapid and tissue destruction considerable, including the 
surrounding shin and the mucous membrane of the anal canal. 

An ischio-rectal abscess must be treated with great care because : 

(1) It may track posteriorly or anteriorly and infect the other side, or may 
extend forwards cansing suppuration behind the pubis. 

(2) It may rupture into the rectum, draining incompletely, and a direct 
internal fistula be formed. If the abscess is inadequately treated, an 
external or complete fistula may remain, and further abscesses arise later. 

Pelvi-rectal Abscess 

The pelvi-rectal abscess is fortunately uncommon, hut the prognosis is serious 
and cure is difficult or unlikely. The pus collects in the true pelvis, perforates 
the levator ani muscle, and slowly accumulates in the ischio-rectal fossa, finally 
presenting externally around the anus or bulging into the rectum. The infection 
is usually sub-acute or chronic, and not infrequently tuberculous. 

SIGNS AND SYMPTOMS OF SUPPURATION ABOUT THE ANUS 

Suppuration about the anus causes general malaise and pyrexia. Locally, 
pain, tenesmus and throbbing arc experienced, whife fater redness, sweffing, 
induration, fluctuation, and a purulent discharge appear. The swelling, which is 
not at first obvious, may present to one side of the anus or may bulge largely into 
the anal canal. In the early stage, diagnosis is doubtful, and a combined examina- 
tion, consisting of external palpation and a finger in the rectum should never be 
omitted. Both sides are carcfufly compared and a deep abscess is often detected , 
but possibly only after a second or third examination. In a well-nourished person, 
the prominence of the bulging abscess is not immediately apparent, and the 
redness may be only a slight blush. The anal canal is inspected through an 
illuminated rectal speculum. 

TREATMENT OF SUPPURATION ABOUT THE ANUS 

Where an ischio-rectal or submucous abscess is diagnosed, the treatment is 
by drainage ; aspiration or delay for spontaneous rupture is ineffective. 

Home or out-patient treatment is not permissible, and these patients should 
be admitted to a nursing home or hospital. 

Operation for Ischio-rectal Abscess 

The patient is placed in the lithotomy position. If the abscess has ruptured, 
then a probe is cautiously inserted and the connection or otherwise of the abscess 
with the rectum is determined. A finger in the anal canal palpates the tip of the 
probe, and clear evidence of the relation of the abscess-cavity with the bowel is 
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available. A fissure-m-ano, a fistula, a foreign body or an nicer may be 
found. A bead of pus may be seen exuding from an opening in the mucous mem- 
brane about tbe valves of Morgagni, especially if assisted by pressure on the 
ab«cess. In the event of this direct communication at the level of or internal to 
these valves, a second operation will he required since primary division of the 
external sphincter is inadvisable. 

In treating the abscess the surgeon aims at incising the cavity so that it is 
converted into a comparatively shallow ulcer. Thus drainage is ensured and 
healing follows circumferentially whilst the floor elevates, and a residual fistula- 
ro-ano is prevented. Injury to the sphincters is carefully avoided. 

The primary incision is begun just outside the anal margin and radiates out- 
wards, passing over the estimated centre of the abscess (fig. 2948). When the pus 
is superficial it is readily found, but in some cases it is deep and requires seeking ; 
in this case artery forceps are inserted through the fat in the most likely direction, 
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and the blades are opened in north and south, and east and west planes. The 
abscess-canty located, the opening is much enlarged by the scissors, working in 
the line of the incision, but avoiding the region of the external sphincter and the 
rectum W ide extension on to the buttock so that the cavity is rendered com- 
paratively shallow is the object The pus is wiped away and a hot pack is inserted 
into the canty to check the hemorrhage The entire extent of the abscess is now 
visible, loculi are opened by a gentle and intelligently directed finger. A small 
track leading into the rectum or passing through the levator ani muscle into the 
pelvis proper may sometimes be detected. In the former case nothing is done at 
first beyond passing a stont black gtlk suture through the opening and out through 
the anal canal, and loosely tying the ends When the abscess penetrates the levator 
ani muscle it is carefully defined and dilated in the direction of the muscle-fibres. 
The pus is sucked out or irrigated with pure eusol, and a tube is inserted through 
the muscular opening 

In all cases a specimen of the pus is sent for bacteriological examination. 

In cases of ischio-iectal abscess, in order to secure drainage and healing, the 
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surgeon must incise through uninflnmed tissues. The cavity, fre quently a deep one, 
is converted into n large but shallow wound ; extensive incisions achieve this. 
The radiating cut is continued outwards on to the buttock, another incision inter- 
sects it at right angles through its middle, and the comers are cut off. The division 
of the skin near the anus is continued cautiously to its junction with the mucous 
membrane. The external sphincter, which extends to just within the anal canal 
at the level of the anal valves, must l>c visualised. 

To the uninitiated in rectal surgery, this treatment may appear unnecessarily 
radical, hut experience shows that nothing short of it is consistently followed 
by healing. 

The bleeding points arc controlled by hot compresses, pressure, and torsion 
with artery forceps. If ligature is required, then the finest plain catgut is used, 
or the bleeding points may he tied with silk, the ends of which are left very long 
so that they can be withdrawn at a later stage. At the end of the operation, the 
sphincter is cautiously stretched to admit three fingers. 

A bilateral abscess may be manifest clinically or may only be discovered 
whilst dealing with the first. Both arc treated in exactly the same manner, and 
no modification of the radical incisions is made The temptation to try a smaller 
opening must be resisted, as otherwise it will be found that the lesser abscess 
heals more slowly than the larger one. There may be a communicating tract 
either behind or anterior to the anus, in which case the tract must be laid widely 
open. 

Gas formation is a serious complication of an ischio-rectal abscess ; it is 
associated with severe toxsemia, whilst the swelling and redness are more marked 
and widespread than wit h the average suppuration in this area. There is considerable 
necrosis of the subcutaneous tissues. Prompt incisions are made on the radical 
lines already described, and care is taken to render the patient fit for operation by 
a preliminary intravenous infusion of saline and glucose. No hesitation need be 
felt in excising the skin flaps. 

I sch to- Rectal Abscess communicating with the Anal Canal or Rectum 

As already mentioned, no attempt is made at the first operation to deal with a 
track passing from an ischio-rectal abscess into the anal canal. The external 
drainage arranged, two weeks later a second operation is undertaken. The 
practice is based on the premise that during this time the external sphincter has 
become fixed by inflammatory induration, and that therefore when it is divided its 
cut ends cannot retract and incontinence will not follow. The insertion of the thick 
silk ligature already mentioned, besides acting as a guide for the second operation, 
by its irritation also stimulates inflammatory reaction and the fixation of the 
sphincter. 

The second operation. The anus is gently stretched, a speculum is inserted 
into the rectum, and the internal opening is defined by probing cautiously through 
the abscess wound or by passing a grooved probe director along the ligature. The 
intervening tissue between the exterior and the probe is completely incised so 
that the anal canal and the abscess wound are continuous. The edges are trimmed 
slightly if necessary, and the daily dressing is continued, taking care to pack a 
small strip of gauze into the anal canal. 
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Tuberculous Isehio-Sectal Abscesses 

Tuberculosis of the anus is rare, and is usually met with as a fistnla-in-ono. 

The bacilli become located in the anal region by one of the classical routes : 
(1) By a blood -stream infection ; (2) by internal trans-Iumenal infection, usually 
from tuberculous enteritis or from swallowed tuberculous sputum ; or (3) by 
direct spread from genito-urinary tuberculosis or from spinal caries, or from 
infection of tbe sacro-ihac or hip joints 

Treatment consists in wide excision of the infected area with a diathermy 
knife, light treatment, and attention to the primary focus and, later, transfer of 
the patient to a country or seaside sanatorium. 

Submucous Abscesses 

Submucous abscesses arc opened on the same principle as the externally 
presenting abscess. A preliminary stretching of the sphincter improves the 
exposure of the part. The mucous membrane only is cautiously incised by a 
longitudinal incision, and the redundant part is snipped away in order to afford 
ample drainage. A tube wrapped in sterile vaseline-gauze is inserted into the 
rectum. 

The submucous abscess may be a manifestation of an infected intramuscular 
lymph gland or of an undetected iscluo-rectal abscess pointing internally, usually 
between tbe internal and external sphincters. In such a case, external drainage is 
arranged as previously detailed, and a 6tout silk ligature is inserted through the 
track from the anal canal to the abscess-cavity, and is loosely tied on the exterior; 
it is a guide to the second operation ten to fourteen days later when the external 
sphincter is divided in order to obtain healing from within outwards. 

AFTER-TREATMENT OF PERI-ANAL SUPPURATION 

The general health is maintained by warmth, an adequate supply of fluids, and 
nine to ten hours sleep. Nursing in an airy room or (weather permitting) in the 
open air is an advantage The diet consists of fresh fruits, vegetables, and fats, 
and is low m carbohydrates. The local care resolves itself into management of 
the bowels and the dressing Confinement of the bowels for four to seven days is 
desirable, as gross soiling of the open wound is thereby avoided until granulations 
appear. Thereafter a daily enema is given, the wound is protected by vaseline- 
gauze, and the bowels are opened, this being followed by a warm bath when the 
patient is well enough, after which the new dressing is applied. 

Applications to the Abscess. 

After the operation, a large compress of acnfta vine-paraffin emulsion is laid on 
the wound ; this aims at arresting the action of the bacteria on the freshly incised 
surface, and is comfortable by being non-adherent. Allien granulations appear, if 
the abscess-canty is still purulent, compresses of eusol or of Dakin’s solution are 
used four-hourly. When the entire wound is clean, hypertonic compresses of sodium 
sulphate are used, and the process of granulation is stimulated by the addition of 
1 m 1000 brilliant green. 

When the granulations reach the surface, epithelialisation is encouraged by 
the use of lotio rubra, or of eusol and paraffin. 

Thiersch or Pinch skin grafts may be applied. Healing around the anal margin 
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is chiefly encouraged. If the peripheral wound closes too quickly, the granulations 
arc burned back by silver nitrate or copper sulphate. 

Patients arc not allowed up until healing is complete, which usually takes 
three to four weeks. If pain is marked, a rubber hot-water bottle over the compress 
is helpful. 

Graduated exposure to ultra-violet or infra-red rays stimulates healing. 



CHAPTER VII 
Pi lo vidal Sinus 

The skin of the middle line between the anus and the sacro coccygeal junction 
is a line of fusion during development ; consequently fragments of skin may be 
enclosed and retained m the subcutaneous tissues. These fragments of epithelium 
give rise to certain symptoms, usually between the ages of sixteen and thirty- 
five ; they are : 

(1) Boils or abscesses. 

(2) Persistent sinus with eczema and pruritus. 

(3) Tumour formation. 

(1) Boil or abscess formation. The infection may arise spontaneously without 
the patient being aware of a previous sinus, or it may develop in an already 
declared track. Occasionally the infection develops in a cyst. The inflammation 
is frequently recurrent, this being the factor which attracts attention. Whilst 
the abscess is draining, a probe can easily be passed down to bone, but after 
beahng no external opening may lie visible for a period. 

(2) Sinus. One or several sinuses may be present in the region of the sacro- 
coccygeal junction. Han often protrudes from them and pressure expresses 
sebaceous material A small probe is readily admitted and passes down to bone 
in a direction away from the rectum and anus, for the two arc in no way connected. 
The sinuses are not more than one inch removed from the mid-line. Their complete 
extent can he defined by the injection of lipiodol followed by a skiagram of the 
part. Occasionally they pass through and beyond the sacro-coccygeal joint into 
the pelvis. It is the continuous discharge, often odoriferous and profuse, which 
attracts attention. They may be the o\crlookcd cause of persistent pruritus 
and eczema. 

(3) Tumour. A tumour in the sacro-coccygeal area is a true sequestration 
dermoid. It lies somewhat to one side of the middle line ; no external orifice Is 
seen in some cases, hut in others it occasionally discharges and then seals up. 
For long periods it may cause no symptoms, hut inflammation usually leads the 
patient to seek medical aid 

Treatment 

(!) The care of the acute condition until it is quiescent. 

(2) The excision en masse of the affected area and the obliteration of the 
resulting cavity. 

The eczema, pruritus and discharge respond readily to a regular toilet of 
soap ami water followed by an application of astringent lotions, e.g. 1 in 1500 
perchloride of mercury. Patients with boils and accesses arc put to bed, hyper- 
tonic compresses are applied, and incision may 1« required. 

Anesthetic. A low spinal aruesthetic is given. 

MC8 
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Position. The patient is placed face downwards on the operating table, which 
is tilted into a slight Trendelenburg position. The foot-piece of the table is then 
completely lowered so that the patient is now well flexed and the part freely 
exposed. The left lateral position is an alternative, but in my experience this is 
not so convenient. 

Preparation. The area is painted with pure dettol, iodine 2-5 per cent, picric 
acid 1 per cent, or Bonnoy’s crystal violet. The application begins at the lumbar 
spine and passes systematically downwards, finally touching and finishing at the 
anus. A swab soaked in an antiseptic is tucked in over the anus and retained by 
a stitch. 

The difficulty of the operation is to obtain primary union in the deep narrow 
wound remaining after the excision. Three points militate against healing : (a) 
The presence of infection from the anus ; (6) the fixity of the subcutaneous 
tissues and tlie deep fascia ; and (c) the slow healing of the coarse skin and fat. 



FiJ 2319 — Excisiov or ni/jmoal sixeses Fig 2950.— Excision or fjlomdm. sixise". 

Not© especially tlie lines of incision, nnd exclusion Note the method of sum ring and of anchoring the 
of the anus by a pad. dressing. 

It is taught that the adipose tissue in this area is poorly vascularised, but at 
operation bleeding will be found to be copious and troublesome. 

Operation. "When a sinus is present, a probe is passed down it ; the direction is 
inwards and upwards towards the middle line. The skin is excised in an ellipse 
well wide of the orifice or orifices, beginning considerably above it and finishing 
below the tip of the coccyx (fig. 2949). The ellipse must be long so as to render it 
comparatively narrow m order to assist the closure. The incision is deepened verti- 
cally down to the deep fascia and to the sacrum and coccyx on each side. The free 
bleeding is controlled by a firm pack which is advanced over the wound edges by 
tlie left hand as the wound is deepened ; it also acts as an efficient retractor. 
The ellipse of skin is seized by two pairs of Lane tissue forceps, and held away from 
the surgeon by the assistant. The other side is similarly treated Rarely the sinus 
passes through the sacro-coecygeal joint, but it is unwise at this stage to continue 
the operation further. A probe dipped in pure carbolic acid is passed along the 
track as far as possible, with the object of destroying its epithelium. The bone 
and aponeurosis reached, the fatty tissue is dissected cleanly off it by the scalpel, 
leaving a cavity of about 1 to 2 inches deep. 

The bleeding is controlled by a hot firm pack held in position for one minute, 
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and sporting vessels are picked op and tied with the finest plain catgut ; it is 
important to leave a minimum of crushed tissue and of foreign matter in the 
wound, but hemostasis must be perfect or otherwise ft hsematoma will collect 
anti separate the wound surfaces. 

The obliteration of the cavity after a radically performed operation is difficult. 
The sides are mobilised by undermining the subcutaneous tissues from the deep 
fascia by blunt dissection with a periosteal elevator. 

Raising the legs slackens the wound tissues. Two layers of sutures are 
required. The skin is re-stenhscd. and thick silkworm-put is inserted starting 1 inch 
from the skin edge and passing to the full depth of the wound. If the patient is 
stout, then a figure -of-eight type of suture is used, the ends being held byha-mostat®. 
The space between these through-and-through sutures is obliterated by stitches 
of fine plain catgut, which are circular or figure-of-eight according to the size of 
the space. They are all inserted first and tied afterwards, beginning at either 
end and working towards the widest part of the gap, whilst the assistant presses 
the edges together. The skin is closed hv fine silkworm-gut blanket sutures 
accurately inserted, tensioned and tied carefully to evert the skin edges, hut 
not so as to cause necrosis from excessive tension (*ee fig. 2950). 

A firm roll of tulle gras or of gauze, soaked in acriflavine emulsion or vaseline, 
is placed on the wound and the large silkworm-gut stitches are tied over it ; their 
tightness is judged nicely. This moist or greasy pack sets as a semi-stiff splint 
to the part. 

The Afier-Tteatment of Pilonidal Sinus 

The after-treatment of pilonidal sinus is important. The essential is to 
maintain the fatty surfaces of the wound at rest during healing (about ten to 
twelve days), to avoid the movements associated with defalcation or soiling by 
fieces, and to eliminate pressure on the part. 

The diet consists of glucose-sweetened fruit drinks for twelve days ; these are 
well tolerated when the reason for their nsc is explained. The patient lies on the 
face without a pillow, and is turned on to the sides for relief. With the fruit drink- 
diet no action of the bowels is required until the eleventh day, when an olive oil 
and turpentine enema is given, the bowels are opened, and only then is the first 
dressing made. All the sutures are removed, and a piece of sterile gauze impreg- 
nated with vaseline is applied. The buttocks are firmly strapped together with 
elastoplast. 

formal diet is gradually resumed, and the bowels are opened on alternate 
days. Patients pet up on the fourteenth day, and lire a quiet life for a further 
fortnight 3s there is still the risk of tearing apart the wound surfaces. 

The writer has used this after-treatment in sixteen cases ; all have healed 
by first intention. 



CHAPTER VIII 


A. Lumdar Puncture 

Lumbar puncture is the operation of tapping the spinal theca in the lumbar area 
by the insertion of a needle below the termination of the spinal cord. 

Indications for Lumbar Puncture 

(1) Diagnostic . For the investigation of traumatic, inflammatory, and neo- 
plastic lesions of the central nervous system. 

(2) Therapeutic . Various drugs and sera are injected into the spinal theca 
in the treatment of certain diseases ; e.g. anti-tetanic serum and carbolic acid 
in the treatment of tetanus ; salvarsanised serum in the treatment of G.P.I. and 
tabes ; and alcohol for the persistent pain of malignant disease and some nerve 
lesions. 

(3) Spinal anaesthesia. Drugs frequently used are novocaine, percaine, 
stovaine, planocain, durocain, etc. (For further details see Vol. I, page 35.) 

Instruments 

The instruments required include : 

(1) Needles. Lumbar puncture needles and a spinal manometer. The bore of 
the needle should not be larger than 18, the ideal being 20, whilst 22 is suitable 
for children. 

(2) Syringes. Three are required : (a) Hypodermic syringe with needle and 
5 per cent novocaine for skin anasthetic ; (6) syringe for the withdrawal of 
cerebro-spinal fluid ; and (c) suitable syringe containing the medium to be 
injected. 

(3) Sterile test-tubes to receive the cerebro-spinal fluid. 

The instruments are sterilised by boiling in doubly distilled water. 

Position of the Patient 

Lumbar puncture is performed with the patient in one of two positions : 
either sitting up with the spine flexed forward on to the knees (see fig. 2951), or in 
the lateral position with the trunk well flexed (see figs. 2952 and 2953). The needle 
is inserted exactly in the middle line ; a slight deviation from this will result in an 
unsuccessful or unsatisfactory puncture owing to the triangular shape of the 
thecal canal (see fig. 2954). Procedure 

The entire spine is exposed, and a rectangular area is sterilised as for a surgical 
operation between the iliac crests, upwards to the dorsal area and downwards to 
the tip of the sacrum. I find it useful to indicate the 7th dorsal spine by touching 
it with iodine, as it assists in the orientation of the line of the spinal canal and 
consequently in the accuracy of the puncture. The puncture may be performed 
through the spaces lumbar 2-3, 3-4, or 4-5 ; the last is indicated by placing the 
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stretched edge of a sterile towel across the lumbar area, and feeling through it 
for the iliac crests. When these are located exactly, the edge intersects the middle 
line in the space between the 4th and Oth spinal processes of the lumbar vertebrae. 

The needle is gripped in one of two ways (figs. 2955 and 293G), both of which 
are efficient and their use is merely a matter of practice. After the needles have 
been sterilised they should be thoroughly rinsed in sterile distilled water. A 
freshly sharpened needle is always necessary, as points are easily damaged and 
broken off by contact with bone, thereby rendering a clean puncture difficult or 
unlikely. A blunt needle pushes the dura forwards rather than penetrating it. 

In the imamesthetised patient, a small wheal is raised on the skin by the injec- 
tion of 1 cc. of I per cent novocninc. Freezing the site for puncture with ethyl 
chloride is a satisfactory alternative. The needle is inserted precisely in the middle 
line, exactly at right angles to the plane of the inter-iliac crests, and is pressed 



forwards horizontally. Estimation of the direction requires practice, but it is 
approximately horizontal. The needle is steadily inserted for about 2 inches and 
if bone is touched it is withdrawn for 1 inch and then inserted with the tip lowered 
or raised. Contact with the inter-spinous ligaments is indicated by increased 
resistance for about J-inch, followed by a sensation of freedom to the needle point. 
Following this, a crisp impression as of the needle penetrating a diaphragm is 
detected by the practised hand, and the spinal canal is entered. The trocar 
is withdrawn and cerebro-spmal fluid usually appears , if not, the needle is 
sharply rotated with the object of clearing the point of theca or of the lumbar 
nerves. If fluid is still absent, the needle is slowly withdrawn or advanced. 
Blood may exude as the result of pricking a vein outside the theca ; of course, 
the cerebro-spinal fluid may be blood-stained in cases of head injury. When blood 
appears in a therapeutic puncture, insertion into a higher or lower space is indicated. 
If the hemorrhage continues, it is advisable not to inject a spinal anesthetic. 
Failure to draw cerebro-spinal fluid is usually due to non-entry of the theca, or to 
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insertion of the needle in the wrong axis. Blocking by blood clot may occur, and 
must be cleared by the stilettc. The point may be covered by theca, but a quick 
rotation will pierce it. The orifice may be entangled in one of the lumbar nerves 
in the spinal canal, and considerable manipulation and patience arc sometimes 
required before fluid can be easily drawn with a syringe from the theca. The 
incorrect position of the patient often explains an unsuccessful puncture. He 
must be exactly upright, or, if lying on his side, the plane of the iliac crests must 
be exactly vertical, the spine being well flexed in both attitudes. In some adults 
the spine is rigid, they are unable to flex, and the space between the vertebrae is 
so narrow that lumbar puncture is difficult and occasionally impossible. Forcible 
flexion of the patient is usually followed by entry of the needle into the tlieca. 
In a small proportion of subjects cerebro-spinal fluid docs not appear until it is 
aspirated by the syringe. 

Dangers of Lumbar Puncture 

(1) Meningitis. Fatal cases of sepsis introduced into the subarachnoid space 
have occurred ; therefore, sterilisation of all instruments by boiling is necessary ; 
chemical sterilisation by spirit, lysol, etc., is not dependable, and if these agents 
are not effectively removed before the introduction of a spinal anaesthetic severe 
headache, often due to a mild chemical aseptic meningitis, may follow. The 
stilette is withdrawn from the needle during the heating. 

Septic meningitis is, fortunately, a very rare complication. Paraplegia rapidly 
develops and death follows in a week. 

(2) Injury to a nerve root follows perforation by the needle, but is not common. 
It is due to a considerable deviation of the needle from the middle line. An 
alternative explanation is that of pricking the peri-thecal veins and cansing a 
ha?matoma which presses on the nerve. Wasting of the affected muscles follows, 
requiring splinting and months of treatment before recovery ensues. 

(3) Headache follows some lumbar punctures, whether performed for diag- 
nostic, for therapeutic, or for anaesthetic purposes. Several theories am current 
to explain this : 

(a) A continued leak of cerebro-spinal fluid into the peri-thecal tissues ; this 
may be so after the use of the old-fashioned thick needle but with the present- 
day fine needles, headaches occur much less frequently. 

(b) Bleeding into the spinal canal or peri-thecal tissues. Headaches may 
occur when no sign of hemorrhage from the needle is seen. 

(c) A small area of traumatic aseptic meningitis. The headache usually comes 
on within two to three days after the operation and may last for many days or 
even for so eral weeks. 

In my experience, headaches have lessened since sterilisation has been 
performed by boiling in doubly distilled water, and all chemicals, e.g. spirit or 
carbolic acid, have been eliminated from all the instruments used in the operation. 

(<?) The skill of the operator. The incidence of headaches fa Us as the operator’s 
skill develops. 

By keepingthe patient flat without a pillow or by raising the foot of the bed for 
twenty-four hours the incidence of headache is diminished. The headache usually 
responds to four-hourly closes of aspirin, pbenacetin and caffeine, but failing this, 
and the patient’s general condition permitting, an injection of 4 cc. of pituitrin or 
of epbediine \ gr. generally gives some relief. In obstinate cases an intravenous 
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injection of 30 cc, of n 30 per cent saline, perhaps repeated, rapidly terminates it. 
This remedy is not advisable in lesions of the central nervous system. 

(4) Incontinence of urine is an unusual complication, which is temporary as a 
rule, and resolves in several days, although it sometimes lasts for several weeks. 
Rarely is the condition permanent. 


B. Cisternal Puncture 

by 

Harold Dodd and Harvey Jackson 


Cislernal puncture is the insertion of a needle into the cisterna magna at the 
base of the brain, and is used for diagnostic and therapeutic purposes (fig. 2957) 


Fty 2957.— Cisternal 

FC.NCTCRt. 



Indications 


(1) Diagnostic. 

(а) For the withdrawal of cerebro-spinal fluid. 

(i) Where lumbar puncture fails. 

(ii) When information as to the relative concentrations of the con- 
stituents of the fluid in the cistern and lumbar sac is desired. 

(б) For the determination of the exact level of a spinal tumour by the 
cisternal injection of heavy lipiodol. 

(c) For the injection of air in the investigation of “ encephalography.’ 


(2) Therapeutic. 

(o) For the administration of sera, e.g. anti-tetanic serum. 

(6) To wash out the theca when a simultaneous lumbar puncture is per- 
formed. 
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Position of the -patient. A suitable position for the patient is sitting up in lied 
with the hands on a “ heart table,” and the forehead resting on the hands. This 
suitably flexes the neck, and draws the medulla forward so that it is less likely 
to be touched by the needle. 

The occipital region is shaved, washed, and painted with iodine. 

Procedure A wide-liore needle (l mm.) is used ; the length should lie 7 cms. 
with a groove marking 6 cms. A superficial injection of novocainc is given mid- 
way between the tips of the mastoid processes, or just above the highest palpable 
cervical spinous process. The cisternal needle is inserted in the middle line at 
this site and directed towards the nasion. The penetration is continued until the 
occipital bone is encountered, or, if bone is not felt, a depth of 6 cms. is attained. 
Insertion beyond 0 cms. is not made without caution. On contact with the occipital 
bone tbe needle is partly withdrawn and reinserted with the point slightly 
depressed, so that it passes under the posterior edge of the foramen magnum. 
As the needle progresses, resistance by the occipito-atlantal membrane and the 
spinal dura mater will Vie recognised. These structures pierced, a syringe is applied, 
and aspiration is made to withdraw tlic ccrcbro-spinal fluid ; this is necessary 
for, in the absence of increased intra-cranial tension, and with the patient in the 
upright position, the intra-cranial tension in the cisterna magna is below atmos- 
pheric pressure and ccrebro-spinal fluid will not escape unassisted. On the average 
the cistern is at a depth of J-t cms. 
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SOME NEUROLOGICAL AND PSYCHIATRIC 
ASPECTS OF SURGERY 

In this article will be considered some of the more important pathological states 
of the nervous system and mental function that may influence the work of the 
surgeon. Those conditions which have already been fully described in previous 
sections of this work will be omitted. 

Disease-processes of the nervous system will be discussed under the headings : 
Brain, Cranial Nerves, Spinal Cord and Peripheral Nerves, and Disorders of 
Muscular Power and Tonus, whilst, in addition, separate consideration will be given 
to the subjects of Coma and Delirium, Anxiety and Hysteria. 


CHAPTER I 
Brain 

RrSB OF INTRA-CRAN/AL TENSION 

The signs and symptoms of this condition may or may not be due to a pathological 
process from which surgical treatment can give relief. Whatever its cause, how- 
ever, it is of importance to the surgeon, because bis aid may be needed in diagnosis 
as well as in treatment. Rise of intra-cranial tension may be acute or chronic. 
Causes of acute rise in tension are : (1) Head injury (contusion or compression) ; 
(2) Intra-cranial haemorrhage (cerebral and spontaneous subarachnoid); (3) 
Acute meningitis ; (4) Intra-cranial abscess ; (5) Intra-cranial venous sinus 
thrombosis ; and (6) Acute hydrocephalus. 

Sub-acute or chronic rise in tension may occur in : (a) Head injury ; (6) 
Hydrocephalus ; (c) Abscess ; (d) Tumour ; and (e) Granuloma. 

The general signs of raised intra-cranial tension are familiar and have been 
described in Volume II, page 1760. The more acute the rise of pressure the more 
marked are the symptoms. When the rise takes place slowly, and especially 
when it is accompanied, as it often is, by a mild degree of mental dulling, headache 
and vomiting may be slight or absent even though the rise may be considerable 
as shown by several dioptres of papilloedema. In such cases it is not unusual for 
the patient first to go to his doctor for failing eyesight due to the beginning of 
optic atrophy secondary to prolonged swelling of the disc. 

(1) Head Injury. 

Full consideration is given to this subject in Volume II, page 1747. 

(2) Intra-cranial Hemorrhage. 

The commonest form is intra-cranial haemorrhage in the neighbourhood of 
the internal capsule from spontaneous rupture of one of the branches of the 
5470 
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middle cerebral artery. It occurs usually daring or after middle age and is 
secondary to atheromatous degeneration of the arterial wall. It is generally 
associated with widespread arteriosclerosis and with hyperpies is. Clinically the 
onset is \ery sudden and not necessarily associated with muscular effort or any 
other factor raising the blood-pressure. Loss of consciousness is nearly always 
seen and may be instantaneous or be preceded by a period of a few moments 
during which severe headache is felt. The signs of cerebral compression such as 
<]e*>p stertorous brea thing and slow full pulse will be seen a3 in intra-cranial 
hs-morrhage following head injury. If death occurs it may take place as soon as 
three or four hours after the onset cr it may te delayed for several days. 

The presence of hemiplega may fce detected by the flaccidity of the affected 
limbs and by their immobility if the patient i3 not completely unconscious. The 


head and ejes may be turned towards the side of the lesion. The cerebro-spina! 
fluid will be under increased pressure or may— if the haunorrhage has reached the 
lateral ventricle— contain fresh blood. Spontaneous Cerebral haemorrhage may 
need to be diflerentiated from intra-cranial bleeding following upon a head injury, 
for in the former condition the patient may have fallen unconscious and struck 
his bead. His age, signs of general atheroma such as thickened and tortuous 
radial vessels, and the minor character of the trauma to the head will assist in 
diagnosis. Spontaneous cerebral hemorrhage has been treated surgically by per- 
forming a craniotomy on the side of the lesion and removing all blood clot. 

Probably the be«t treatment is immediate venesection with removal of one 
pint of blood and the inj'ection of hypertonic saline (100 cc. of 50 per cent glucose- 
saline intravenously at the rate of not more than 3 cc. per minute). Lumbar 
puncture may be performed if unconsciousness deepens, but there is always the 
risk of sudden death from pressure-cone formation in the foramen magnum. 
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Spontaneous Subarachnoid llcemorrhage. 

Effusion of blood into the subarachnoid space may occur in a number of con- 
ditions. For example, a hemorrhage in the region of the internal capsule can 
reach this space by spreading externally through the cerebral substance. The 
bleeding may be secondary to a head injury. Such causes should, however, be 
readily detectable and the primary condition overshadows in importance the 



subarachnoid character of the haemorrhage. Nevertheless, there is one disease- 
process, congenital cerebral aneurysm, which is of surgical importance and which is 
nearly always associated sooner or later with spontaneous bleeding into the 
subarachnoid space. Congenital aneurysms, presumably the result of develop- 
mental failure in the proper formation of the arterial walls, may occur in any of the 
superficially placed arteries of the brain, but they are most frequently seen in 
the neighbourhood of the circle of Willis at the base of the brain (the common site 
being at the junction of the anterior cerebral with the anterior communicating 
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artery) or on the middle cerebral artery. They may be single “ multiple. The 
existence of sneh aneurysms prior to their rupture is exceedingly difficult to detect. 
Often, no symptoms result from their presence. If any signs are produced they 
will he those of local pressure, such as interference with adjacent cranial nerves. 
The optic nerve may bo compressed with unilateral failure of vision— posslbly 
mtermittent in character-or the 3rd, 4th or Gth nerves may be affected with 
resultant ocular palsies. Involvement of the first division of the trigeminal nerve 
produces neuralgic pain in tho supra-orliital region and, sometimes, loss of the 
corneal reflex. The aneurysms are rarely large enough to give rise to symptoms of 
increased mtra-cranial tension, though, if they are close to the pons or mul-brain, 
pressure on the pyramidal tracts or cranial nerve miclei, such as those of tile 3rd, 
6th, 6th and Yth, may occur. I have seen a rapidly fatal internal hydrocephalus 
result from an aneurysm of the basilar artery. Congenital aneurysms nearly 
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always rupture sooner or later, but generally after the age of forty when some degree 
of arterial degeneration has added to the weakness of their walls or when a rising 
blood-pressure has increased the strain upon them. Rupture may be spontaneous 
ox be precipitated by sudden rise of blood -pressure as, e.g., during exertion. The 
effect of rupture may be to produce the picture of severe subarachnoid haemorrhage 
and be fataL Unconsciousness may result immediately, or a condition appear 
resembling cerebral irritation, the patient lying curled up, semi-conscious and 
resistant to interference. Meningitic signs such as a positive Kemig and neck 
rigidity are likely to be seen. On lumbar puncture free blood will be found in the 
cerebro-spinal fluid. Generally, the first rupture of an aneurysm is not fatal. 
Recovery from the condition just described takes place or else the first rupture, 
or perhaps the first two or three ruptures, of the aneurysm are less severe and pro- 
duce slighter effects. The onset of hemorrhage may be signalised by severe 
headache and vomiting, associated with, perhaps, transient unconsciousness, to 
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be followed by paralysis of cranial nerves or signs of pressure on nerve tracts in 
the neighbourhood of the a neuiysm. If the latter is anteriorly placed in the region 
of the anterior communicating artery, affection of the optic nerve or of the chiasma 
is common. The motor nerves to the ocular muscles, the 3rd, 4th and 6th, may 
be involved in the outer wall of the cavernous sinus, or homonymous hemianopia 
may result from damage to the optic tract or, if the aneurysm be on the posterior 
cerebral artery, from damage to the optic radiation. The haemorrhages tend to 
recur at intervals of months or years and, if untreated, sooner or later prove fatal. 
The terminal haemorrhage may produce its effects gradually, as in the case described 
by Jefferson of a woman who, feelmgill in the street, walked home, climbed upstairs 
and lay on her bed, to be found dead some time later. Recovery from the initial 
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haemorrhages is often incomplete, as in a case of mine, a young man, whose first 
haemorrhage produced homonymous hemianopia which has never disappeared. 

The diagnosis after rupture is a fairly straightforward matter. Intra-cerebral 
haemorrhage commonly produces hemiplegia and is associated ■with signs of 
atheroma and hyperpiesis. The history' of previous ruptures, if obtainable, is 
distinctive, and confirmation is obtained by the finding of free blood in the cerebro- 
spinal fluid. The precise situation of an aneurysm can be determined, and con- 
clusive evidence of its presence can be obtained by means of an angeiogram if the 
aneurysm, before rupture, is only suspected. The angeiogram consists of an 
X-ray photograph of the cerebral blood-vessels after they have been rendered 
opaque by the intra-arterial injection of thorotrast. The internal carotid artery 
is exposed in the neck and 10 cc. of thorotrast are injected into it. Exposures 
are made immediately after the injection, and at intervals of two seconds and four 
seconds later. The first negative shows the arteries of the brain, the second the 
capillaries, and the third the veins and venous sinuses. Aneurysms, especially 
those in the anterior part of the circle of Wills, arc readily detected. 
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Treatment of intra -cranial aneurysm consists of ligature of the corresponding 
interna! carotid artery whenever this is feasible, the risk of hemiplegia being borne 
in mind. If the aneurysm is on an accessible branch of, say, the middle cerebral 



aitery, this may be susceptible to lipature. Burin;! tlie acute phase of a sui- 
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culom meningitis ; (i) Meningococcal meningitis ; ( c ) Meningitis from other 
pyogenic organisms ; and (c?) Acute serous meningitis. 

Tuberculous Meningitis. This is to be regarded as a manifestation of an acute 
general tuberculous infection— a tuberculous septiccemia, though some observers 
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have regarded occasional cases as being confined to the nervous system. It is 
commonest in young children though it may occur at any age. A primary focus 
somewhere in the body is probably always present and is most frequently found in 
infected lymph glands, though local tuberculous lesions anywhere may lead to 



general dissemination of the bacillus. Such dissemination may be secondary to 
surgical interference with, say, a diseased bone or joint or an intra -cranial tuber- 
culoma. Quite often in young children evidence can be found of exposure to 
mass-infection, as in the ease of a child who slept in the same lied as his father 
who suffered from open pulmonary tuberculosis. In adults, meningitis may close 
the scene after years of chronic tuberculosis. This form of meningitis is character- 
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Treatment of intra-cranial aneurysm consists of ligature of the corresponding 
internal carotid artery whenever this is feasible, the risk of hemiplegia being borne 
in mind. If the aneurysm is on an accessible branch of, say, the middle cerebral 



artery, this i may be susceptible to ligature. During the acute phase of a sub- 
arae)mo,d hemorrhage, measures to lower intra-cranial tension must be taken. 
Repeated spinal drainage should be performed (slowly, with a small needle, because 



The various forms of this condition may be classified as follows : (a) Tuber 
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culoiis meningitis ; (6) Meningococcal meningitis ; (c) Meningitis from other 
pyogenic organisms ; and (d) Acute serous meningitis. 

Tuberculous Meningitis. This is to he regarded as a manifestation of an acute 
general tuberculous infection— a tuberculous septica-mia, though some observers 
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have regarded occasional cases as being confined to the nervous system. It is 
commonest in young children though it may occur at any age. A primary focus 
somewhere in the body is probably always present and is most frequently found in 
infected lymph glands, though local tuberculous lesions anywhere may lead to 



general dissemination of the bacillus. Such dissemination may be secondary to 
surgical interference with, say, a diseased bone or joint or an intra-cranial tuber- 
culoma. Quite often in young children evidence can be found of exposure to 
mass-infection, as in the case of a child who slept in the same bed as hw father 
who suffered from open pulmonary tuberculosis. In adults, memngitis may close 
the scene after years of chronic tuberculosis. This form of meningitis is character- 



5486 POST-GRADUATE SURGERY 

ised by its insidious onset with a prodromal period of vague malaise lasting several 
weeks. Loss of weight and appetite and psychological symptoms such as irrit- 
ability, or even delirium, are characteristic. The meningitic sign3 as they 
gradually appear have certain distinctive features. Headache will occur and vomit- 



ing may be present, but head retraction is slight or absent. On the other hand, 
palsies of cramal nerves, especially of the 3rd, 4th and 6th, with the production 
of strabismus, are common. Clouding of consciousness, often with brief remissions, 
steadily advances, cachexia develops, and death inevitably results a few weeks — 
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antly lymphocytic. The total protein will be raised (0*1 per cent). Treatment is 
symptomatic. 

Meningococcal Meningitis. The onset is acute, meningitic signs usually 
appearing within twenty-four hours. Headache is severe and vomiting generally 
present. Head retraction and Kernig’s sign are marked, and cranial nerve 
palsies, especially of the 3rd, 4th and 6th nerves, are common. The temperature 
is high but the pulse is often slower than would be expected. The disease may 
occur in epidemics, usually in the winter and spring, or sporadically at any time 
of the year. It is only mildly contagious and may be nursed in general hospital 
wards without much danger. Epidemics are associated with overcrowding ; they 
occurred, for example, during the war among soldiers in barracks. Spread takes 
place by carriers, the most serious of whom consist of healthy contacts who carry 
the organism in their naso-pharynx for several weeks after exposure to an infected 
person but who do not, except in rare cases, develop the disease themselves. 
Convalescent cases may sometimes carry the organism in their naso-pharynx for 
months after recovery. Spread takes place via the secretions of the nose and throat. 
Examination of the cerebro-spinal fluid shows turbidity or purulency practically 
from the start of the illness. The fluid is under high pressure (300 mm.) and 
the protein content is much raised (400 mgm. per cent) ; later clotting may occur 
on standing. The glucose content is generally reduced, but the chloride only 
slightly. Heavy pleocytosis, predominantly polymorphonuclear, takes place, 
the cell-count being 1000-2000 per c mm. The causative organism, a Gram- 
negative diplococcus, can always be found in the fluid, chiefly within the leuco- 
cytes, but it may not be seen on direct smears and is sometimes grown with 
difficulty. The Lange gold curve is meningitic in type. 

The disease is commonest in children and is rare after middle age. 

The details of treatment by repeated spinal drainage and administration of 
serum need not be described. The mortality in untreated casc3 is from 50 to 100 
per cent but under adequate treatment this should fall to not more than 3 per 
cent. Permanent sequel® in recovered cases are common in such forms as ocular 
palsies, hemiplegia, mental defect, blindness, or, characteristically, bilateral 
deafness. There is a complication of meningococcal meningitis which is of surgical 
importance — hydrocephalus. This is produced by the presence of exudate over 
the roof of the fourth ventricle and in the cistema magna and cistema pontis. 
Its appearance is heralded during the course of an attack of meningococcal 
meningitis by an exacerbation of symptoms. Increased headache, drowsiness 
and bradycardia may develop, and lumbar puncture reveals in some cases a dry 
tap or sub-normal pressure. When hydrocephalus develops, the lateral ventricle 
should be tapped by a brain needle inserted through a burr hole in the posfero- 
parietal region. If organisms are present in the ventricular fluid, serum should lie 
injected in rather less quantity than the amount of fluid removed. If tapping and 
intra-ventricular injection of serum are repeated as often as necessary, the hydro- 
cephalus may disappear and recovery take place. Prolonged hydrocephalus may* 
follow meningococcal meningitis, particularly in the chronic form of the infection 
in infants under two years of age, which is known as jx>' tenor basic meningitis. 
The condition, is of interest to the surgeon in view of the experiments in permanent 
operative relief that have been made. 
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Meningitis from otk*r Pyogenic Organism*. 

This is produced by infection of the leptomeninges with pvo^enie or ganisms 
most commonly the pneumococcus, streptococcus or staphylococcus. The onset 
is acute with pyrexia, e.g. 102 s F. t but with a pulse slower than would be expected. 
Headache, vo mitin g, delirium, and the various meningitic signs seen in menin- 
gococcal meningitis appear. The condition must be distinguished not onlv 
from tuberculous and meningococcal meningitis but also from the pseudo-menin" 
giti3 or memnzism that may occur, especially in children, during the course of 
general infections such as typhoid fever, pneumonia and acute specific fevers, or 
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tympani, the labyrinth, the petrous port ion of the temporal bone, or along tberoule 
cf the 7th or 8th nerves. Less often, extension of infection takes place from the 
frcntal, ethmoid or sphenoidal sinuses, and may follow curettage. Diffuse 
meningitis may result from spread of a previously local meningitis secondary to 
otitic infection, from a cerebral abscess, from sinus thrombosis or from entry of 
infection after a fracture of the skull that passes through the middle ear or one of 
the air sinuses. It may also appear secondary to superficial infections of the face 
and scalp such as erysipelas and carbuncle, and may complicate acute general 
infections such ns influenza, typhoid fever, lobar pneumonia and typhus. From 
tLe surgical point of view, in investigating a suspicious case the absence of signs 
of diffuse meningitis in the cerebro-spinal fluid should not lead the observer too 
lightly to make n diagnosis of meningism. Meningrim may be the earliest, or 
prodromal, sign of an oncoming true diffuse meningitis. If the cerebro-fluid 
signs, therefore, are negative, close search should be made for a local focus of 
infection, especially in the middle ear or mastoid. If this is found and is rapidly 
dealt with surgically, the disaster of diffuse meningitis may be averted. 

In the earliest stage of meningitis the cerebro-spinal fluid, as stated, may show 
negative findings ; in the next stage, changes in the fluid may be found and even 
organisms be discovered but without a true diffuse meningitis being present. 
Therefore, the finding of pyogenic organisms in a case with early meningitic 
symptoms does not mean that diffuse meningitis cannot be averted by prompt 
surgical eradication of the primary focus. The slightest possibility of the infection 
not yet being diffuse should lead to instant operation being carried out. After 
diffuse infection of the meninges has occurred the prognosis is of the gravest 
Practically all cases of pneumococcal meningitis are fatal. Repeated spinal 
drainage should be carried out, ventricular drainage can be performed if hydro- 
cephalus develops, the ventricular system can be washed through with Ringer’s 
solution with a needle in the lateral ventricle and another in the cistema magna, 
and permanent drainage of the latter (Dandy, Haynes) may be performed by 
opening the dura and stitching in the funnel-end of a rubber catheter. Permanent 
drainage in a few cases has given hopeful results. Pneumococcal or streptococcal 
serum may be injected mtra-thecally in appropriate cases, and urofropine 30 grs. 
t.d.s., with enough potassium citrate to make the urine alkaline, should be given. 
At present few cases recover but there appears scope for the extension of surgical 
treatment. 

Acute Serous Meningitis. This is sometimes known as acute aseptic menin- 
gitis. It closely resembles acute pyogenic meningitis in its onset and sjunpto- 
matology. The cerebro-spinal fluid findings may even show a high pleocytosis — 
leucocytic, but perhaps becoming lymphocytic later. The condition is, however, 
characterised by the absence of organisms in the cerebro-spinal fluid and by its 
benign course. It tends to remit spontaneously after about one week of illness. 
3Ioch relief is obtained from lumbar puncture, and this should be performed when- 
ever indicated for relief of headache. The condition may run a sub-acute course 
and is sometimes fatal in infants. In diagnosis it must be carefully discriminated 
from the earliest stage of true diffuse pyogenic meningitis. Serous meningitis is 
often only diagnosed after recovery by reason of its benign outcome. It may be 
a complication of acute infections such as influenza and lobar pneumonia. It is 
said sometimes to run an intermittent or sub-acute course. 
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present, homolateral cerebellar ataxia, nystagmus to the side of the lesion, and a 
tendency to deviate or fall to this side when walking will be seen. The development 
of otitic abscesses may be deferred until many weeks after an acute ear infection, 
with an intervening period of good health. Metastatic abscesses from blood- 
borne infection generally occur in the cerebral hemispheres and may be multiple. 
Development of symptoms is often gradual and, if the primary focus is overlooked, 
differentiation from cerebral tumour becomes difficult. On the other hand, the 
onset may be embolic and sudden. Examination of the cerebro-spinal fluid is 
sometimes of extreme diagnostic value. In intra-cranial abscess it may show 
increased pressure, a small polymorphonuclear exudate (100 cells per cmm.), 
a rise of total protein (0*1 per cent) and normal chlorides and sugar. It will be 
aseptic. These findings togctherwitb apolymorphonuclearleucocytosis in the blood 
may differentiate abscess and tumour when it is clinically difficult to do so. 
Common organisms in cerebral abscess are pneumococcus, streptococcus, staphy- 
lococcus aureus, and sometimes bacillus coli. 

(5) Intra-cranial Venous Sinus Thrombosis. 

This consists of three forms which are of clinical importance : (a) Lateral sinus 
thrombosis ; (6) Cavernous sinus thrombosis ; and (c) Superior longitudinal 
sinus thrombosis. 

Sinus thrombosis is practically always secondary to an inflammatory process 
nearby. So-called primary thrombosis occurs, like broncho-pneumonia, in cachectic 
conditions at the extremes of life — infancy and old age. It is commonest in infancy 
and affects the superior longitudinal sinus. Signs of raised intra-cranial tension, 
such as headache, vomiting, and tenseness of the anterior fontanelle, are produced, 
the differential diagnosis from other causes of raised tension being difficult. 
Spastic paralysis of the legs due to vascular congestion of the upper Rolandic 
area may be seen together with congestion of the veins of the scalp. 

Secondary sinus thrombosis occurs as a result of : (a) direct injury, c.g. 
fractures of the skull or penetrating wounds ; and (6) spread of infection from 
neighbouring areas of inflammation. 

The commonest site of thrombosis is in the lateral sinus as a result of spread of 
infection in mastoiditis, or less often from superficial inflammation of the scalp. 
The onset of thrombosis of this sinus may be difficult to diagnose. General 
headache and signs of raised intra-cranial tension will be superadded to the local 
signs in the ear. Thrombosis may extend into the jugular vein, which will be felt 
as a hard cord in the neck. The patient’s general condition will deteriorate and 
he will show the signs of acute general infection, such as rigors and high swinging 
temperature. The full clinical picture of septicaemia or pyaemia may develop, 
and pulmonary embolism, characterised by sudden pain in the chest with the 
appearance of an area of consolidation with superjacent pleurisy, sometimes occurs. 
CEdema of the scalp in the neighbourhood of the mastoid process is likely to be seen, 
but local signs of damage to the brain are rare. Intra-cranial abscess or diffuse 
leptomeningitis may develop. 

The cerebro-spinal fluid will be under raised pressure but will show few 
abnormalities on laboratory examination. A small rise in protein and a poly- 
morphonuclear exudate are sometimes seen. Thrombosis of the cavernous sinus 
occurs ns a result of spread of infection in frontal sinusitis, or in acute inflammation 
of the face sneb os }»oiI or erysipelas. (Edema of the conjunctiva and eyelids is 
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tt* £»•=»! £rr of ofnfciHjpis! £jH tboorh tl- v?c-.Ac!sr rrrt.m or job 
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e Ccnn^ntal hydrocephalus is due to sots* o'a-tntftire Hob cterreptet tfce 
cf cereiwpinal fcii and prerectins its absorption by the araefcnoH vffii. 
*- r ctn *** 2tr *« of the a*p*d=rr of Syfcfc.. or ab*e^e of the foramm* of 
L*j*cd» and Lcschia er, as a remh of birth injury, LEmnrrL&ze feto the cinema 
cazna and retina ponds blwlnns the snbuaefcno'd spare. Obnrertwn of tki 
sctwlset or of lb* foramina is the roof «f the 4th ventiHe prevents th* passage 
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of cerebro-spinal fluid frcm the ventricular system of the brain to the subarachnoid 
space, the hydrocephalus produced being known as internal. Blocking of the basal 
cisterns permits the fluid to leave the ventricular system of the brain via the 
foramina of Blajendie and Luschka and thus allows free communication between 
the ventricles of the brain and the spinal subarachnoid space, but produces hydro* 
cephalus by preventing the cerebro-spinal fluid from passing forwards and upwards 
over the convexity of the cerebral hemispheres to be absorbed through the 
arachnoid villi. This latter type of hydrocephalus is known as external or com- 
municating. If the lateral ventricles are tapped and 1 cc. of phenolsulphon- 
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cphthalein is injected, the presence of this dye in the fluid on lumbar puncture 
ton minutes later shows the hydrocephalus to be external, whilst its absence proves 
the latter to be internal. 

Internal hydrocephalus of the acquired type may occur at any age. It is pro- 
duced by tumours in the lateral or 3rd ventricles which occlude the foramen of 
Monro or which, growing in the neighbourhood of the mid-brain as in the case 
of pinealomata, obstruct the aqueduct of Sylvius. A very common cause is a tumour 
or granuloma beneath the tentorium which acts as an obstructive lesion cither by 
interference with venous drainage from the choroid plexuses or by occlusion of the 
4tli ventricle. 

A cause of acquired internal hydrocephalus, which although not often seen 
should not he overlooked, is chronic inflammation of the ependyma of the 
ventricles. When the ependyma of the aqueduct of Sylvius is affected, blockage 
readily follows. 
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Acquired external hydrocephalus is produced most commonly by menin- 
gitis affecting the membranes in the region of the basal cisterns. It may occur, 
as previously described, in all forms of acute meningitis, "where it adds gravely to • 
the prognosis and where its early recognition and relief by tapping of the lateral 
ventricles are so important ; in a case of meningococcal meningitis which 
survives the acute stage it may appear as a sub-acute or chronic condition. The 




ill defined syndrome of chronic cystic arachnoiditis is to be placed as a cause in the 
same category. 

Occasionally an external hydrocephalus develops “ idiopathieally ” through 
excessive secretion of ccrebro-spinal fluid. In some cases this follows otitis media 
or a blow on the head, and it is a common sequel to obstruction of venous drainage 
of the choroid plexuses in sinus thrombosis. 

The clinical signs of hydrocephalus depend upon (a) the age of the patient, and 
(b) the degree of raised cerebro-spinal fluid pressure and the rate at which this 
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pressure rises. In congenital hydrocephalus and in childhood, separation of the 
sutures and great enlargement of the skull are commonly seen. If life is prolonged, 
the child usually shoves mental retardation and may be an imbecile, though 
sometimes marked enlargement of the skull from juvenile hydrocephalus that has 
resolved is seen in adults whose intelligence is unimpaired. This compensatory 
enlargement of the skull appears to prevent the symptoms of rise of intra-cranial 
tension from being severe in children, for headache and vomiting are not often 
very prominent, but pressure upon the optic nerves with optic atrophy is common, 
and enlargement of the sella turcica, erosion of the clinoid processes and signs of 
dyspituitarism, such as obesity, may be observed as a result of downward pressure 
upon the floor of the 3rd ventricle. Weakness and spasticity of the limbs are 
frequent. Percussion of a skull with separated sutures may yield the “ cracked 
pot ” note. In adult life after the age of twenty, compensatory enlargement of the 
skull does not occur and the general symptoms of rise of intra-cranial tension are 
severe. They are those of rise of tension due to any cause, namely, headache 
(often paroxysmal), vomiting and, later, papillmdema. Their severity essentially 
depends upon the rate of rise of intra-cranial tension. If this is gradual and insidi- 
ous they may at first be very slight for periods of weeks or months. Thus a case 
of mine due to slow occlusion of the aqueduct of Sylvius by chronic ependymitjs 
first came under observation for failing vision secondary to papillcedema, but had 
never exhibited headaches or vomiting. If sudden and absolutely complete 
obstruction to the flow of cerebro-spinal fluid takes place, loss of consciousness and 
death follow rapidly. Such a case may resemble sudden intra -ventricular haemo- 
rrhage where great rise in pulse, temperature and respiration rate are characteristic 
terminal signs. 

In diagnosis, the case with which the presence of hydrocephalus can he over- 
looked should be remembered. When its existence is proved steps must be taken 
to find its cause, a task which is often extremely difficult and which has led to 
some cases being described as “ idiopathic.” Certain investigations of a surgical 
character can, and in some cases must, be carried out to determine the presence 
and the type of hydrocephalus. On lumbar puncture the fluid is often under high 
pressure but at times the latter is sub-normal or, in an acute case of complete 
obstruction, a practically dry tap may be made. If a ventricular puncture be 
carried out simultaneously, the pressures in cerebro-spinal fluid in the ventricles 
and in the lumbar subarachnoid space will, granted that the patient’s head and 
lumbar region be arranged in the same horizontal plane, he equal if the hydro- 
cephalus is external, but the ventricular pressure will be much higher if the 
hydrocephalus is internal. Differentiation between the internal and external 
varieties by means of intra- ventricular injection of phenohulphonephthalem has 
been mentioned— 1 cc. of dye into the ventricle with lumbar puncture ten minutes 
later, when the addition of sodium hydroxide to the fluid produces a red colour in 
cases of external or communicating hydrocephalus. If lumbar puncture be jkt- 
fonned with the patient in a sitting position and air be injected in place of the fluid 
withdrawn, an X-ray photograph of the skull (encephalography) will shovair in the 
lateral ventricles if the hydrocephalus is comm unirating but not if it is internal. 
Ventricular puncture with measurement of the volume of fluid withdrawn (ven- 
tricular estimation) enables the presence of hydrocephalus to l>c proved in a doubt- 
ful case. If the volume of fluid obtained is in excess of 25 rc,, dilatation of the 
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carried out and the blood evacuated. It must be remembered that in a high 
proportion of cases the hasmatoma is bilateral. 

In cases of doubt ventriculography may be useful in diagnosis. 

(3) Arterio-venous Aneurysm . This is an occasional sequel to a head injury 
and consists of a rupture of the internal carotid artery into the cavernous sinus. 
The cluneal picture that results consists of oedema of the conjunctiva and eyelid, 
pulsating exophthalmos, signs of venous congestion in the fundus, partial or total 
ophthalmoplegia, and a systolic bruit audible to the patient. This bruit can be 
heard all over the patient's skull with a stethoscope. Rarely, the condition is 
produced by atheroma of the internal carotid artery leading to rupture. In two 
such cases under my obrervation spontaneous recovery slowly took place. 
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Ligature of the homolateral internal carotid artery may give great relief, though 
it is not free from the risk of producing hemiplegia. 

(4) Oxycephaly. A congenital condition producing signs and symptoms in 
childhood consisting of a skull of distorted shape (tower-skull), exophthalmos, 
and signs of raised intra -cranial tension (e g. papilicedema and secondary optic 
atrophy). The syndrome is the result of premature closure of the cranial sutnres. 
TYhen signs of raised mtra-cranial tension are present a decompression should be 
performed 

(5) Jaclsoman Epilepsy. This condition is due to the presence in the motor 
convolution of a focus of irritation. Jacksonian fits may occur at any age. Clonic 
contractions begin locally in some muscle-group corresponding to the affected area 
of the cortex and then spread to other muscle-groups on the same side of the body 
in the order in which they are represented on the surface of the Rolandic gyru3. 
The whole of one side of the body may during the course of a fit eventually be 
affected. IVhen extension proceeds as far as this, consciousness is usually lost, 
but if the convulsions are more restricted, consciousness maybe retained through- 
out. A familiar form is facio-brachial epilepsy, in which the arm and side of the 
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face on one side of the body are convulsed, with conjugate deviation of the head and 
eyes to the side of the lesion. An attack of Jacksonian epilepsy may spread until 
the convulsion becomes generalised and one of grand mal. The most important 
cause of Jacksonian epilepsy as far as the surgeon is concerned is a superficially 
placed neoplasm in the motor area, e.g., a meningioma. It should be remembered, 
however, that Jacksonian epilepsy may result from a more deeply-seated growth, 
such as a glioma in the substance of the hemisphere below the motor cortex. 
Neoplasm is, nevertheless, far from being the commonest cause of Jacksonian 
attacks. When these begin in childhood a small area of congenital sclerosis in the 
Rolandic area is the usual focus of irritation, though acquired conditions such as 
infantile hemiplegia may provide the underlying pathological process. At a later 
age, cerebral arterial degeneration is the most frequent cause, but general paralysis 
of the insane must be remembered. Cranial injuries in the neighbourhood of the 
motor cortex are, of course, also an occasional cause. 

Relief may sometimes be obtained by surgical excision of an irritant focus, 
but success is not invariable. The surgery of generalised epileptic attacks is still 
more disappointing, even when these are the result of a cranial injury such as a 
depressed fracture. Surgical intervention probably has most success as a pro- 
phylactic measure when carried out immediately after a cranial injury and before 
convulsions have appeared. 



CHAPTER III 


Craxial Xerves 

(1) Olfactory Serve 

Tbf, olfactory tract may be damaged in fractures of the anterior fossa of the 
skull or by pressure from intra-cranial tumours such as a growth in the frontal 
lobe, a meningioma of the olfactory groove or 3 pituitary adenoma. Unilateral 
ani wnn results. 

Irritation of the uncus from basal lesions may produce the characteristic 
“ uncinate fits M — dreamy states associated with strong hallucinations of smell. 

(2) Optic Serve. 

The appearance of swelling of the optic disc— papillcedema — is the condition 
in connection with this nerve which is of the most importance to surgeons (see 
also page 4347). Swelling of the opt:c disc due to rise of intra-cranial tension 
must he distinguished from oedema of the disc due to inflammation (optic 
neuritis) or to retinal arteriosclerosis. Papiflccdema frcm raised intra-cranial 
tension is at first, even when considerable swelling is present, associated with little 
impairment of vision. Only gradually do concentric restriction of the peripheral 
fields of vision and enlargement of the blind spot develop. Other signs of raised 
intra-cran : al tension such as headache, romitmg, and increased cerebro-spinal 
fluid pressure may be found. 

Optic neuritis may be associated with exudates and hemorrhages in the rest 
of the fundus, and signs of chronic nephritis or diabetes mellitus he found. When 
secondary to retinal atheroma the changes of the latter condition will be visible 
and signs of general or of cerebral atheroma be detected. Papillcedema tends to 
develop in conditions where the rise m intra-cranial tension is gradual and in 
particular when hydrocephalus is present. Thus it is frequent in intra-cranial 
tumour, especially when this is present below the tentorium and is obstructing the 
flow of cerebro-spinal fluid. When rise of intra-cranial tension is rapid, as in 
acute diffuse leptomeningit’s. papillcedema s rare. It is often absent in cerebral 
aliscess The optic nerve or tract may be involved in injuries of the orbit or in 
gross lesions behind the eyeball or close to the chiasma or optic tract at the base 
of the brain, such as pituitary adenomata or the exndate of acute meningitis, 
that damage the fibres by pressure. Impairment of vision mav thus be a sequel 
to an attack of acute meningococcal meningitis. Atrophv of the disc may be 
observed ophthalmoscopically. Optic atrophy due to primary involvement of the 
optic nerve fibres must be distinguished from that secondary to prolonged papil- 
Icrdema. In the former, the disc margins are clear ent and the physiological enp 
preserved ; m th* latter, the cup is filled up with exudate and the disc edge is 
blurred. 

(3) Oculomotor Serve (see page 4338). 

(4) F oitrth Cranial Serve (see page 4389). 

(5) Sixth Cranial Serve. 
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lesion. Recognition of 3rd and 6th is more important than that of 4th nerve 

palsy. , . 

The nerves may be damaged by lesions in the orbit such as tumour (including 
metastatic deposits) or inflammation. Such lesions are likely to produce external 
signs such as proptosis. Injuries, e.g. fractures of the orbital walls, will easily 
be recognisable. One or more of the nerves may be affected by a sub-acute peri- 
ostitis in the sphenoidal fissure — the “ syndrome of the sphenoidal fissure ” — 
when the first division of the 5th nerve is likely also to be involved with the pro- 
duction of supra-orhital pain. The syndrome is usually easily recognisable, pain 
around and behind the orbit and on pressure upon the eyeball being, as a rule, also 



Tracing these three nerves posteriorly, they are involved in thrombosis and 
arteno-venous aneurysm of the cavernous sinus. They may occasionally be 
damaged by a pitnitary neoplasm. Behind the cavernous sinus when they are lying 
at the base of the brain they become more widelv separated and less likely to be 
involved by a single lesion. 

Disease-processes that may affect them singly or together are : 

W ;^ cut . e memn £itis (meningococcal, pyogenic, or tuberculous), and 

( ) Jieningo-vascular syphilis (gummatous meningitis) (see also page 5306). 

J eningo-vascular syphilis as a cause can easily be overlooked. The onset of 
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the palsy is often sudden, but without treatment is persistent. Headache of 
moderate severity resembling that of tumour and due to rise of intra-cranial 
tension is often present. 

(c) Meningeal neoplasm. 

Signs of raised intra-cranial tension and other symptoms of neoplasm will help 
in diagnosis. 

(d) Fractures of the base of the skull. 

(e) Congenital aneurysm. 

The liability of Gth nerve paralysis to occur in any condition giving rise to 
increased intra-cranial tension, even when the fibres of the nerve itself are not 
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directly involved by the lesion, must be remembered. Such paralysis constitutes 
one of Collier’s “ false loealjsingsigns.” It is due, perhaps, to stretching of the trunk 
of the Gth nerve during its long course, or to downward pressure upon it. 

The 6th nerve is occasionally involved in a local meningitis at the tip of the 
petrous portion of the temporal bone originating from otitic infection. This is 
“ Gradenigo’s syndrome.” 

The causes of paralysis of the 3rd, 4th and 6th nerves that we have described 
consist of extra-cerebral lesions. It is such lesions that are of surgical importance. 
The intra-cerebral causes, with the exception of cerebral tumour, are of less interest 
to the surgeon, but must naturally be borne in mind in differential diagnosis. 
They may be grouped pathologically as inflammatory, vascular, and neoplastic, 
and anatomically as supra-nuclcar, nuclear, and infra-nuclear. 
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Conjugate deviation of the head and eyes may result from a supra-nueloar 
lesion affecting the posterior part of the second frontal convolution. If this lesion 
j 3 of a destructive character, the head and eyes are deviated towards the side of the 
lesion ; if irritative, as in facio-hrachial Jacksonian epilepsy, the deviation will 
be convulsive or spasmodic towards the contra-lateral side. 

Affection of conjugate movements is characteristic ofsupra-nuclearand of nuclear 
lesions of the motor fibres to the eye muscles. A destructive lesion of one 6th 
nerve nucleus will produce impairment of conjugate movement to the side of the 
lesion Sometimes impairment of bilateral conjugate movements will be seen. 
Similar impairment follows 3rd nerve nuclear lesions which, owing to the expanded 
character of the nucleus, are often partial. For example, “ paralysis of upward 
gaze ” may result from pressure upon the roof of the mid-brain (as in pmeafoma). 
Peripheral paralysis of the 3rd, 4th or Cth nerves may occur before their fibres 
leave the brain-stem, the lesions being, of course, distal to their nuclei of origin. 
That is to say, if a patient is observed to have a peripheral type of paralysis of the 
3rd nerve this is not necessarily due to a lesion outside the brain. The common 
paralysis of this nerve in patients with cerebral arteriosclerosis is due to an intra- 
cerebral vascular lesion affecting the fibres after they have left the nucleus. Intra- 
cerebral involvement of the Cth nerve fibres distal to the nucleus or involvement of 
the latter itself is generally associated with ipsi-latcral facial nerve palsy owing to 
the intimate association of the two nuclei and of their infra-miclear intra-cerebral 
fibres. 

(6) Fifth cranial nenc ( Trigeminal ) (see also Vol. II, page 1820). 

This nerve has certain important connections with the 7tU nerve which wilt 
be described under the latter. The nerve emerges from the lateral aspect of the 
pons and consists of an anterior motor root and a larger posterior sensory root. 
The latter arises from two nuclei, one w the pons and mid-brain and the other 
descending into the upper cervical region of the spinal cord. Common sensation 
over the face is represented in this descending nucleus in inverted fashion so that a 
lesion of the spinal cord in the first or second segment would, if it affected the 
lower extremity of this nucleus, produce sensory loss in the supra-ciliary region 
supplied by the first or ophthalmic division of the 5th nerve. 

The following are the important point?, to ttttwiuWr in connection with 
centrally situated pontine lesions affecting the 5th nenc nuclei ; 

(a) Lesions near the mid-line, as in syringo-bulbia, affect decussating pain and 
thermal fibres that cross the mid-hne to ascend with the spmo-thalamic tract of the 
opposite side. Thus such lesions produce dissociated anaslhesia over the face as 
an early sign. 

(4) Adjacent cranial nerve nuclei, «nch as those otthe Cth and 7th nerves, are 
liable to be affected simultaneously. 

(c) The long tracts passing through the pons may also be involved, producing 
hemianaathesia or hemiparesis, or both. Owing to the decussation of the long 
tracts m the medulla soch signs will be on the side of the body opposite to the lesion, 
whilst the paralysis of the 5th nerve (and of any other nerves whose nuclei are 
simultaneously affected) will be ipsi-Iateral. Thus the characteristic of intra- 
pontme disease is crossed paralysis. 

Tumours and vascular lesions are among the commoner forms of pontine 
disease. The fuU symptomatology cannot be dealt with here, but the surgeon 
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should remember that neoplasms of the pons are likely rapidly to produce severe 
internal hydrocephalus. 

The motor nucleus of the 5th nerve is found also in the lateral part of the pons 
and mid-brain. Involvement of this will produce wasting of the temporal and 
masseter muscles, the former resulting in hollowing of the temple and the latter 
in palpable wasting on clenching the teeth, together with deviation of the mandible 
towards the side of the paralysis. After leaving the side of the pons the 5th nerve 
runs a short course to the tip of the petrous portion of the temporal bone where the 
Gasserian ganglion is found. Between the pons and the ganglion the nerve may 
be injured in fractures of the base of the skull and involved in meningo-vascular 
syphilis, in meningeal exudates (acute and chronic) or by meningeal neoplasms. 



For a consideration of trigeminal neuralgia and its treatment reference should be 
made to Volume II, page 1829. 

Tracing the 5th nerve distally, after leaving the Gasserian ganglion the fibres 
break up into three portions. The first, or ophthalmic division, passes forwards, 
close to the 3rd, 4th and 6th nerves in the outer wall of the cavernous sinus, io 
enter the orbit through the superior orbital fissure. It is the sensory nerve to the 
supra -ciliary region, to the eyeball and conjunctiva, and to the surface of the nose 
in a strip near the mid-Ime, It may be affected in fractures of the base of the skull 
or the walls of the orbit, in periostitis of the sphenoidal fissure, gummatous 
meningitis, congenital aneurysm, etc., simultaneous involvement of the 3rd, 4th 
and 6th nerves being common. When the ophthalmic division of the 5th nerve 
is so affected, pain in its distribution rather than anaesthesia often results and is a 
symptom of diagnostic importance. Paralysis of the first division may result in 
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the occurrence of neuropathic leratitii The cornea liecomrt Wy an.l later 
ulcerated. -Vs soon as stuns of this condition appear, the edges of the eyelids should 
be pared and stitched together. 

The second, or maxillary, divirion of the 5th nerve leaved the skull to the 
foramen rotundum and paving through the infra-orbital canal beneath the floor 
of the orbit reaches the face by e merlin "from the infra-orbital foramen. It supplier 
the side of the face in the upfvr part, the upper lip, the upper teeth, the hard palate, 
and the anterior part of the soft palate. 

TL» thml or mandibular. division leaves the skull by the foramen ovale to 
supph the lower part of the side of the face and the upper part of the pinna, the 
io%vr bp and the anterior two-thirds of the tongue. Fu*od with it is the anterior 
pi"tor toot of the 3tU nerve. whiL-t the chorda tvmpnni accompanies one of the 
branches of this division, the lingual nerve, to supply fibres of taste to the anterior 
two thirds of the tongue. The second and third divisions of the 5th nerve may lie 
involved at their origin, or the Gaverian ganglion it«elf may be involved , by similar 
pathological condition* as have been described a* affecting the first division. 

The occa-ional occurrence of pain in the distribution of the 5th nerve simulat- 
ing trigeminal neuralgia in disseminated sclerosis should not bo forgotten. 

(7) 5crcnt/i craniol tirrro {Facial) (*eo al«o page 41(53 and page 5131). 

This is the motor nerve to the muscles of facial expression. It arises from a 
nucleus at the base of the donal part of the lower region of the pons. The fibres 
leaving the nucleus are in intimate association with tho*e of the Cth nerve and 
emerge from the antero-Iateral aspect of the pons clo-e to its junction with the 
medulla. Tb" nerve i* places! internally and cbxe to the 8th nerve, being separates! 
from it by the pars intermedia of Wrisberg Those three nervo in company pass 
outwards over the floor of the posterior fo--a to enter the internal auditory 
meatus The facial nerse then enters the Fallopian canal. On reaching the internal 
wall of the tympanic cavity the course of the nerve is sharply backwards and then 
downwards until it emerges from tLe skull through the stylo-mastoid foramen. 
At this point, where it turns backward*, is situated the geniculate ganglion in which 
the pars intermedia ends Fibre* for the secretion of saliva which have travelled 
from the pons with the 7th r.erve leave the geniculate ganglion to join the mandi- 
bular division of the 5th. Shortly Iwfore its emergence from the BtvJo-mastoid 
foramen, the 7th r.erve is joined by the chorda tympani. the fibres of which travel 
upwards in association with the facial nerve to the geniculate ganglion. From 
small superficial potro*al nerve to the mandibular division 
of the 5th nerae to ascend with the Litter to th-> pons (to reach the fasiculus soli- 
tanus) Some ta,te fibres ascend m the para intermedia, however. lVItbin the 
pons the , th nerve may be affected by lesions similar to those described under the 
oth It must be remembered that the Cth nerve also U almost invariable 

affected The phenomenon of“ crossed paralysis,” etc., as described under lesion^ 
of the oth nerve, may al>o be seen 

TCere are thrwiWs of paralysis or the 7th nerre: (a) Upper motor neurone 
paralysis: (t) Lower motor neurone paralysis: (e) Emotional reminds. 

tpprr trtoror nrnronr. This form Is reused hr damage to the prremiisl 
tracts anywhere m their eonrse front the EoWic am of the opposite side to the 
nucleus of the nerre which they reach by decussating in the pons. Such a form of 
faml paralysis mar be seen soon after the onset in orrlinarr hemiplegia. It is tot 
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incomplete in character owing to bilateral innervation of the facial muscles and 
consists only of some degree of weakness around the angle of the mouth. Not only 
this, but the weakness is perceptible only upon voluntary movements of the face. 
Usually it disappears upon involuntary emotional movements such as smiling. 
Closure of the eye and symmetrical wrinkling of the forehead will be unaffected. 
Emotional paralysis may be considered next as it is also due to supra -nuclear 
lesions. A patient may be seen in whom facial weakness is evident only when 
involuntary emotional movements such as smiling occur, but whose voluntary 
facial movements ate normal. This is probably always due to disease of the pre- 
frontal area on the opposite side. 

In great contrast is the picture of loicer motor neurone paralysis. This is the 
form of paralysis seen in the intra-pontine disease processes already described. 


Secretory Fibres 



It is also produced by peripheral extra -cerebral lesions of the nerve. The loss of 
power in all muscles supplied by the nerve is complete. This weakness is clinically 
evident, at first glance. The mouth is drawn over towards the normal side, the 
affected side of the face is smoothed out, the naso-Jabial groove is rendered shallow, 
the eye cannot he closed, and the lower lid is everted with overflow of tears down 
the face. Food collects between the teeth and the cheek on the paralysed side. 
Voluntary and emotional movements are equally involved and the affected 
side of the forehead cannot be wrinkled. If the facial paralysis is chronic, 
contractures of the muscles will eventually develop, when the face will regain 
some of its symmetry whilst at rest. The 7th nerve may be damaged by 
disease-processes during its course between the brain-stem and the internal 
auditory meatus. As during this course across the floor of the posterior 
fossa of the skull it is closely associated with the 8th nerve, the latter will be 
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implicated. Pathological conditions that may affect the two nerves are acoustic 
neurinoma, fracture of the floor of the posterior fossa, gummatous meningitis, acute 
meningococcal or pyogenic meningitis, or the chronic sequel* of the former, and 
meningeal tumour. The sense of taste over the anterior two-thirds of the t ongue on 
the affected side should normally be reduced, but in practice no sign of diagnostic 
importance is produced. The nerve may be involved daring its coarse in its bony 
canal between the internal auditory meatus and the stylo-mastoid foramen inside 
the temporal bone. Otitic inflammation may penetrate the wall of the Fallopian 
canal and result in facial paralysis and, of course, the nerve may be damaged during 
the course of mastoidectomy. In both these two common causes the lesion 
affects the nerve distal to the geniculate ganglion and proximal to the point where 
the chorda tympani leaves. Thus, the fibres of the latter are also paralysed with 
loss of taste over the anterior two-thirds of the ipsi-lateral side of the tongue. 

A fracture of the base of the skull that passes through the petrous portion of 
the temporal bone may also involve the 7th nerve during this part of its course. 
There is one peculiar feature of facial paralysis following upon fracture of the skull 
which is that such paralysis is rare as an immediate sequel to the accident. "When it 
appears at all, it usually develops insidiously during the second week following 
the fracture, presumably as a result of pressure from inflammatory exudate. 
The prognosis is good, the palsy disappearing, as a rule, before a month has elapsed. 
The nerve to the stapedius leaves the facial nerve shortly before the latter emerges 
from the stylo-mastoid foramen. Lesions above the point of origin of this branch 
may produce the symptom of hyperacousis on the affected side, but in practice 
the appearance of this sign is variable and of little clinical value. The commonest 
cause of facial paralysis also involves the nerve during its bony course shortly 
before it reaches the stylo-mastoid foramen. The nerve is liable in this region to 
be damaged by acute inflammation, the onset of which is commonly preceded by 
exposure of the face to a cold draught. The inflammatory process is thought to 
be either a periostitis of the wall of the bony canal or a neuritis of the nerve. 
Whichever it is, the latter , situated in a confined space with no room for expansion, 
is immediately compressed and paralysed. The condition is known as Bell’s palsy. 
Frequently, the facial weakness is first noticed on waking in the morning, and 
often, pain in the ear or over the mastoid may be experienced just before and just 
after the onset of the palsy. The history of onset, possibly including that of exposure 
to cold together with absence of evidence of otitic inflammation, differentiates the 
condition from facial paralysis secondary to ear disease. Involvement of the chorda 
tympani is common. 

The prognosis of Bell's palsy is variable. If improvement is noticed during the 
first few weeks, recovery will probably be complete in three or four weeks. Absence 
of the reaction of degeneration in the affected muscles implies rapid recovery, 
but partial or complete reaction of degeneration means n period of months or even 
a year or more of paralysis. If, fourteen to twenty-one days after the onset, 
alteration of the normal electrical reactions is found, then treatment to maintain 
the muscles in good condition must be instituted. Stretching must be prevented 
by the wearing of a stirrup made of stiff wire covered with rubber tubing Looked 
over the ear and into the comer of the mouth to support the latter. Galvanic 
stimulation should be given daily. If no recovery has taken place after twelve 
to eighteen months, if the reaction of degeneration is present and the jnu«cles 
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are in good condition, the operation of facial anastomosis, e.g. facio-hypoglossal, 
may he considered. 

After it has left the stylo-mastoid foramen the facial nerve may he damaged by 
lesions in the neck and face such as injuries of the latter or diseases of the parotid 
gland. Taste will be unaffected. Chronic spasm of the facial muscles is sometimes 
seen and is probably due to chronic irritative inflammatory lesions affecting the 
nerve trunk. If troublesome and intractable it may be dealt with by alcohol 
injection of the 7th nerve outside the stylo-mastoid foramen. 

(8) Eighth cranial nerve {Audttory). 

This nerve comprises two portions, the auditory nerve whose fibres arise 
from the spiral ganglion in the cochlea and carry the impulses of hearmg to the 
brain, and the vestibular nerve which originates in the ganglion of Scarpa and whose 



fibres, supplying the semicircular canals, the utricle and the saccule, transmit to 
the brain impulses of postural sensibility, giving knowledge of the position of the 
head in space and assisting in the preservation of equilibrium. 

The signs and symptoms of affection of these two portions of the 8th nerve 
arc as follows : 

Auditory.- — (a) Nerve deafness, (b) Tinnitus. 

Vestibular.— (a) Vertigo. (6) Nystagmus, (c) Forced movements, (rf) 

Falling and deviation of gait, (c) Pass-pointing. 

The 8th nerve, its two portions united into one trunk, leaves the internal ear 
by emerging from the internal auditory meatus and passes to the external aspect 
of the lower border of the pons in company with the 7th nerve, separated from the 
lntter by the pars intermedia. 

The nuclear arrangements of the two divisions of the nerve in the brain-stem 
are complex. Freo decussation takes place between the nuclei of the auditory 
division and their fellow nuclei of the opposite side. Fibres then ascend from them 
\ou JH,— 3 Q 
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as the lateral fillet to carry impulses of hearing to the temporal cortex. The nuclei 
of the vestibular division are connected to: (u) The cerebellum; (b) the oculomotor 
nuclei ; (c) the motor fibres from the spinal cord to the muscles ; and (d) the 
red nucleus and cerebral cortex. 

The 8th nerve may be involved in disease-processes affecting : (a) The internal 
ear and petrous portion of temporal bone ; (&) The floor of the posterior fossa ; 
and (c) 'Die pons varolii. 

The internal ear may l>e damaged by : (a) Acute or chronic inflammation. 
Acute labyrinthitis Spread infection in acute meningitis or in acute or chrome 
otitis media. (6) Vascular lesions. Haemorrhage in hyperpiesis. Atheroma of 
the vessels supplying the labyrinth, with impoverishment of its blood supply, 
(c) Drugs, e g. quinine and salicylates, (d) Otosclerosis, (e) Fractures of the base 
of the skull- 

The nerve in the floor of the posterior fossa may be involved in : (a) Acoustic 
neurino ma . (6) Acute or chronic meningeal inflammation. Meningococcal 
meninritis. Meningovascular syphilis, (c) Fracture of the base of the skull. 

Within the brain-stem the nuclei and their fibres may be affected by' vascular 
lesions, neoplasms, encephalitis, etc. Occasionally symptoms of vertigo result 
from such central lesions, but they are rare and of little clinical importance. 
Similarly, owing to the free decussation, deafness from centrallesions is very seldom 
observed. Theoretically it should be produced by bilateral disease of tbe temporal 
cortex, tbe rarity of which is obvious. 

The following conditions may result from lesions affecting the internal ear: 
Nerve deafness, tinnitus, vertigo, and other signs of vestibular irritation such as 
nystagmus, as already mentioned. The causes of involvement of the two divisions 
of the Sth nerve in the internal ear are many and varied, and those of surgical 
importance have to be distinguished from the remainder. One of the commonest 
syndromes seen in practice is that of deafness, tinnitus and vertigo developing 
in a patient who has long been a sufferer from chrome purulent or catarrhal otitis 
media. The deafness in such 3 case may have preceded the tinnitus and vertigo 
for a long time and may be middle-ear rather than nerve deafness, or of a mixed 
character. The type of deafness is determined by the tuning fork tests. 

J?inne'« Test (see page 4 GOT). 

Weber’s Test (see page 4G07). 

In the common condition that we are describing, tinnitus is usually constant 
and, whether high or low pitched in character, may be severe enough to make life 
almost unbearable. Vertigo is cot always present, but when it appears it is parox- 
ysmal. It may be slight, or intense enough to produce vomiting or to throw the 
patient to the ground with violence. 

In otitis media these symptoms are often partly due to functional disturbance 
of labyrinthine activity as distinct from organic involvement of the internal ear, 
and when this is the case relief may be obtained by cure of tbe otitis media or in 
chronic ea s es by Eustachian inflation. Another common syndrome that needs 
distinguishing from the one due to chronic otitis is that of tinnitus and vertigo due 
to circulatory changes in the labyrinth. It is seen in patients past middle age with 
signs of general or cerebral arteriosclerosis, and possibly, hut not necessarily, with 
hyperpiesi*. Tinnitus and vertigo are more prominent symptoms than nerve- 
deafness. Vertigo only may be present. An allied condition which is usually 
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overlooked and which is one that should always be borne in mind is that of vertigo 
in young adults associated with functional hypopiesis. Paroxysmal vertigo is 
experienced and the systolic blood-pressure is found to be sub-normal, often below 
100 although the patient is free from serious organic disease. He is, 

however, generally of a nervous disposition. Less frequently acute labyrinthitis 
is seen. It may occur secondary to otitis media, to acute meningococcal 
meningitis, in acute general infections, or may appear idiopathicall}*. Nerve- 
deafness, tinnitus and vertigo are severe in character and rapid in onset. The 
vertigo may last continuously for hours or days, when the least movement of the 
patient’s head may result in increase of the symptom and in vomiting. During 
the paroxysm the sufferer may be thrown violently to the ground to the side of 
the lesion, exhibit forced movement to the same side, and vomit. On examination, 
deviation in gait and pass-pointing towards the affected side may be found, 
together with lateral or rotatory nystagmus with the slow movement of the eyeballs 
towards this side. The patient may feel himself falling to the opposite side. 
The paroxysm may b'e prolonged or brief and momentary. Deafness and tinnitus 
may occasionally be seen in toxic affection of the labyrinth as in overdosage with 
quinine and salicylates and, rarely, from tobacco and alcohol. 

Nerve-deafness may be hereditary from under-development of the inner ear 
or may result in early life from congenital syphilis. It may follow fracture of the 
skull passing through the petrous portion of the temporal bone, or long exposure 
to extreme noise as in boilermakers and xivetters. Simulation by hysterical 
deafness should not be forgotten. In the posterior fossa of the skull tinnitus and 
nerve-deafness may be produced by the lesions to which the 8th nerve is liable 
in this part of its course. Tinnitus is the usual initial symptom in auditor}' 
neurinoma, and ncrve-dcafness follows later. The other common pathological con- 
ditions in this region have been mentioned. They arc fracture, and acute and 
chronic meningitis, including gummatous meningitis. Whatever the disease- 
process, characteristic of involvement of the 8th nerve in the posterior fossa is 
simultaneous damage to the facial nerve with the production of facial paralysis. 
Signs of raised intra-cranial tension, and of pressure upon the cerebellum and brain- 
stem and, upon other cranial nerves such as the 5th, may he ecca uv lesions ia this 
neighbourhood (sec Tumour of the ccrebello-pontine angle, Yol. II, page 1790). 

Operative measures arc occasionally employed for the relief of severe and 
intractable tinnitus. The trunk of the 8th nerve may be cut in the posterior 
fossa or the labyrinth be destroyed or injected with alcohol. The patient may 
prefer total deafness to the torture of the tinnitus. Medicinally, sedatives often 
give much relief, and luminal (4 to I gr. t.d.s.) frequently acts like a specific. 

(9) Ninth cranial nerve (Glosso-jiharyngeal). 

This emerges from the lateral aspect of tho medulla between the olive and 
restiform body and, passing over the floor of the posterior fossa of the skull, leaves 
the latter via tho jugular foramen in close association with the vagus and spinal 
accessory nerves. It enters the neck in the retro-parotul spaco whence it curves 
forward to reach its destination. The nerve is mixed, containing motor, sensor}* 
and visceral fibres. The latter supply secretory neurones to the parotid gland 
and fibres of taste to the posterior third of tho tongue. Sensation ts conveyed 
from tho posterior part of the soft palate, the tonsils and fauces, and the upper part 
of tho pharynx. The gkmo-pharyngc.il is very seldom the subject of isotatM ^ 
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paralysis. It is more often involved in company with other nerves and structures. 
Lesions affecting it may be situated in the brain above its motor nucleus (supra- 
nuclear lesions)" at the level of the nucleus, in the posterior fossa of the skull 
outside the medulla, in the immediate neighbourhood of the jugular foramen, or 
in the retro-parotid space outside the cranium. 

Signs of paralysis of the nerve consist of anaesthesia of the faucial region 
and of the posterior th'ml of the tongue, loss of ta*te over the posterior part of the 
latter, loss of the palatal reflex, and deviation of the uvula. 

The types of pathological process that may affect the nerve consist of : 

(а) Intra-medullary lesions such as thrombosis, progressive bulbar paralysis, 
neoplasm, and syringo-bulbia. Signs of damage to other medaUaiy structures 
will overshadow the picture. 

(б) Neoplasms, gummatous meningitis, tuberculosis, fnfeture, etc., in the 
posterior fossa oftheskull. The 10th, 11th and, possibly, the I2th nerves are likely 
to be affected in company. 

(c) The same group of nerves, together with the cervfeal sympathetic, are 
likely to be affected in disease of the retro-parotid space. 

Glosso-phanjng-al Xcuralgia. 

This is an uncommon form of neuralgia affecting the 9th crania! nerve, with 
clinical characteristics similar to trigeminal neuralgia. Pain develops in the 
tonsil and neighbouring faucial and pharyngeal region and radiates through the 
side of the neck behind the ascending ramus of the mandible towards the ear. 
It is very apt to be mistaken for trigeminal neuralgia. The pain is commonly 
excited by stimulation of the tonsil, as in eating, and may sometimes be abolished 
when the tonsil is anssthetleed— a point of diagnostic value (Wechsler). Harris 
has successfully injected the glosso-pharyngcal with alcohol, but this is an uncertain 
procedure. Severe neuralgia is probably best treated by performing craniotomy 
and severing the nerve in the posterior fossa of the skull (Adson ; Jefferson). 
Before diagnosing this form of neuralgia, it is important to exclude organic disease 
such as neoplasm of the tonsil. 

(10) Tenth cranial verve (Vagus). 

This is a mixed nerve composed of motor, sensory and visceral branches. 
It emerges from the lateral aspect of the medalla between the ofrve and the resti- 
fortn body immediately below the glosso- pharyngeal and spinal accessory nerves. 
It supplies fibres of common sensation to the posterior part of the pinna and to 
part of the external auditory meatus. After entering the neck, it runs downwa rds 
in the carotid sheath between the internal carotid artery and the jugular vein 
and gives off its superior laryngeal branch, which supplies fibres of sensation to the 
larynx and epiglottis and motor fibres to the crico-thyroid muscle. Continuing 
in its course into the thorax and abdomen, it gives off its recurrent laryngeal 
branch. On the right side, this hooks back round the subclavian artery to reach 
the larynx deep to the thyroid gland ; on the left side, this branch follows a similar 
course after hooking round the arch of the aorta. The recurrent larvngeal supplies 
motor fibres to all the laryngeal muscles except the crico-thyroid. 

The vagus supplies visceral fibres to the intra-thoracic and intra-abdominal 
viscera which act in functional antagonism to those of the sympathetic system- 
The causes of paralysis of the vagu3 inside the brain and cranium and in the 
upper part of the neck are the eame as in the case of the glosso-pharyngeal and. 
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similarly to the latter, other nerves and structures, especially the 9th and 11th 
nerves, are likely also to he affected. 

The recurrent laryngeal branches are commonly damaged by intra -thoracic 
disease-processes, especially the left branch by aneurysm of the aorta. 

In paralysis of the vagus high up in its course, above the origin of the superior 
laryngeal branch, there will he ansesthesia and paralysis on one side of the soft 
palate and pharynx (through the pharyngeal plexus) and of the larynx. There will 
be difficulty in speaking and swallowing and the voice will be nasal. Respiration 
may be impeded and the vocal cord on the affected side will be immobile in the 
cadaveric position. 

Paralysis of the recurrent laryngeal produces hoarseness of voice and, some- 
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times, stridor. The affected cord is in the cadaveric position. Paralysis of 
individual muscles of the larynx may occur and is usually due to central, nuclear, 
or supra-nuclear lesions. Unilateral abductor paralysis : dyspnoea on exertion. 
The vocal cord is in the mid-line. Bilateral abductor paralysis : difficulty in 
inspiration is severe and may end fatally. Both cords tend to meet in the mid-line. 
Bilateral adductor paralysis: speech is much impaired, but respiration is 
unaffected. This condition is commonly hysterical. Bilateral recurrent pamlysis : 
speech is impossible and there is much respiratory' difficulty with stridor. Total 
bilateral vagus paralysis is a rapidly fatal condition. There is laryngeal paralysis, 
with difficulty in breathing and inability to speak, cardiac irregularity, and 
symptoms of visceral pain and vomiting consequent upon atony and dilatation 
of the stomach. 
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Slow pals* and spasm of tie larynx may occur in irritation of the vagus prior 
to pajahris. 

Apart from the di^ase-proces^ mentioned, the ragos is liable to be a £<cted 
to sem* d°gree in diphtheritic neuritis, in other forms of polvcetrriti?. and in 
neoplasms and operations in the n*«k. 

Ohrwu*ly f with laryngeal anaesthesia, care in feeding is necessary to avoid 
aspiration pneumonia. and tnbe-fr*ding mar b» c^»»ntiaL 

In investigating anr case of possible vagal palsy, brynzo=cop : .c examination is 
e^ntaL 

(II) Elrrrr^K cramnl p*rre [Spin'll A'Cfi , ory) (**e al-o ja 4165). 

Tcrs c'Tre is composed of two portions, a medullary part, the fibres of which 
kare the lateral aspect of the medulla immediately below tho^e of the vasty, and 
a spinal part, which is formed by branches sprinrinz from the anterior boms of the 
Erst four or fire cervical segments and emerging from the lateral aspect of the 
spinal cord. The-e branches unite outside the spinal coni an/1 ascend into the 
cranium via th» fora men magn ea to join the medullary portion of the nertc. 
The trunk formed br this union passes across th- posterior fo.-a of the skull to 
emerge q the retro- parotid space through the jugular foramen in company with 
the Ccb and 10th n*rv«. The medullary £br*s of the spinal accessory are really 
part of the razes, for they have the same ncriear orizin, and as soon a.* the spinal 
accessory has left th- skull they branch of: to join th» vagus. The remainder of 
the spinal accessory supplies th* stemoma'toil and trapezius with motor fibres 

Paralysis of the nerve is dee to the same cac--s as tho-e enumerated under the 
eWtO-pharyngeah and paralysis of the latter and of the vagus commonly occurs 
smmltaneotrsfy. Paralysis of the stemo-mastojd is shown br obvious wasting, by 
inability to turn the head to the side opposite to the lesion, and by deviation of tie 
head to the paralysed side on forob’e Cexicn of th» chin against resistance. 
Paralysis of tie trapezius causes loss of the normal curvature of tie neck with 
mabiihy to shrug the shoulders properly. Some downward and award dis- 
placement of the scapula mar be seen. 

(12) MfiK OT/tiaf remr (/7ypo^c.rraJ), 

This nerve leaves the lateral aspect of the rued nSa anterior to the olive, between 
the httez and the pyramai After passmz across the posterior fo£*a, ft (eaves the 
skull by the anterior condylar foramen to enter the retro-parotid space. It poses 
downwards in the neck close to the vagus, between the internal carotid artery and 
tie jugular rein, as fir as the angle of the mandibl*, where it turns inwards to its 
destination to supply the muscles of the tongue. The causes of paralysis are the 
same as for the g!osso-pharyng*ol nerve. Ixrwer motor neurone or nuclear paralysis 
produces wasting of the a Reefed half of the tongue with deviation to the sale of 
tl^ lesion on protrusion. Frequently. frbriHary tremors mav he seen. Sapra-ncdear 
lesions, as in ordinary h*-miplrria, result in some" deviation of the tongue, but there 
is no wasting of the musefej- 

SyrAnm* cf tht Ju/pdar Fommsn (?Vn«ef)_ 

This clinical picture results from gross tsions in the neighbourhood of the 
jcguiir foramen. e.g. meningioma, gumma, tuberculosis, or in jury such as fracture 
of the poeterior fossa or gunshot wound. Tie same syndrome results from disease 
ct injury in the retro-parotid spice where the cervical sympathetic and hypo* 
glossal n-rvea are also liable to be involved. The signs and symptoms are thoseof a 
cnBatesl parafysri of all the nerves afected. 



CHAPTER IV 

Sfikal Cord and Peripheral Nerves 

INJURIES 

The spinal cord may bo contused as a result of blows upon the spinal column 
and be followed by signs and symptoms below the level of the injury of a variable 
degree of severity dependent upon the amount of damage to the cord. The 
symptoms may be transient or permanent. Rarely, the cord may be lacerated in a 
penetrating wound. A blow upon or wrenching of the spinal column, or hyper- 
extension of the head may be followed by haemorrhage inside the spinal cord itself 
although no gross damage may have been done to the vertebra;. This occurrence— 
lurmatomyclia — appears to be commonest in young adults, and nearly always takes 
place in the cervical enlargement. The bleeding is situated near the centre of the 
cord and may spread through several segments. It may be confined to one side 
only of the cord — hemi-hrematomyeh'a. 

The signs produced by the hxmorrhage are of two types : (1) those found at 
the level of the lesion, and (2) those below the level. At the level of the lesion may 
be found a zone of hyperesthesia together with weakness and, later, atrophy of 
muscles supplied by the affected segments. As the cervical enlargement is nearly 
always the seat of damage these Bi'gns will bo found in the arms or, if the lesion be 
unilateral, in the ipsi-latcral arm. If the hseraorrhage is high up in the cervical 
enlargement and affects segments Co or CG, palsy of the spinati, deltoid, biceps 
and supinator longus muscles may be found. If segments C7, C 8 and D1 are 
damaged, the muscular weakness will be of the intrinsic muscles of the hands and 
of the flexor muscles of the wrist and fingers. Horner’s syndrome — enophthalmos, 
miosis of the pupil, ptosis, and absence of sweating on the affected side of the face 
— may be seen in this lower type of injury from involvement of the cervical sym- 
pathetic fibres (see fig. 29S3). Immediately below the level of the lesion, oreran area 
of skin corresponding to several segments, loss of pain and thermal sensation may 
be found from damage to decussating spino-thalamic fibres. If the haemorrhage is 
more extensive, a varying degree of damage to the long ascending and descending 
tracts of the cord may result with the production of anaesthesia, paraplegia, 
sphincter paralysis, etc. Hemi-hiematomyelia produces the Brown-Sequard 
syndrome. There will be flaccid paralysis of the muscles of the arm on the side of 
the lesion supplied by the damaged segments, and a zone of hyperesthesia on the 
same side over the skin supplied by these segments. Below the level of the lesion 
and on the same side of the body will be found slight diminution in sensation to 
light touch and, perhaps, a little diminution in deep sensibility. On the same side, 
pyramidal weakness in the leg with spasticity, exaggerated deep reflexes and 
extensor plantar response and, on the opposite side, loss of pain and thermal 
sensation with preservation of light touch and of deep sensation will be seen. 
The cases of hsematomyelia that I have seen have all been due to accidents in 
which a violent throwing of the body for some distance took place. In two cases 
a fracture of a transverse process was observed radiographically. 

5515 
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The treatment of spinal contusion and of hsematomyelia is conservative, and pro- 
gressive improvement in symptoms is to be expected although permanent residual 
damage probablyalways remains after hajmatomyel iaand sometimes after contusion. 

The spinal cord may ho damaged in fracture — dislocation of the spinal column. 
This is commonest in the lower cervical and dorso-Iumbar regions, the trauma 
producing it often being a fall from a height on to the feet, or heavy pressure or a 
blow on the back which produces forcible bending of the spine. The injury' to the 
spinal cord may be slight or incomplete, or consist of complete transection. 

After the lower cervical and dorso-Iumbar regions, fract tire -dislocation occurs 
most often m the upper cervical spine. Simple dislocation of one or both articular 
processes may also be seen at this level. The odontoid process may he dislocated 
forwards. Sudden death is frequent when the injury- involves the upper cervical 
vertebra or, if not sudden, it may rapidly supervene from paralysis of external 



Fig 2989 — Fumru or (rn chticu 
vtKTEBs*. Ur* i nuiriyum with Bbowx- 
Sfajneo's sysdkqxe ttaclno 
(S»«IAtwf Crwrul /{■'•pildl ) 



hj. 2W>— Fucttbi or Cm rr»vir*L thumb-* 


l pi Interior tuWirle of pnfirie. 

(«) Aalrrior tafertlt of j^dirl*. 

if) ArtiroUrprwrMfractqredBt junction with pniiefe 

Ixdy. 

(/) l'rdilr tract turd and poMiUjr injuring 

the nerve m the prove and the artery in the 
foramen. 


respiration due to involvement of the phrenic nerves or from medullary shock- 
Alarled hypothermia is said sometimes to he seen. 

Laminectomy may be of therapeutic value in certain cases of injury to the 
vertebral column, e.g. in pure dislocation in the cervical region, in canses of 
pushed-in fracture of the dorsal la mime where no dislocation is present, in fracture- 
dislocation below the border of the 1st lumbar vertebra where the Cauda equina 
(the fibres of which are capable of regeneration) only will be affected, and in long- 
standing cases where symptoms get worse as a result of slow organisation of blood 
clot and the formation of adhesions. 

Paraplegia. 

Conveniently under this heading may be considered the signs of damage to 
the cord from injuries and also the other causes of spinal cord disease of interest to 
the surgeon. Paraplegia is produced by any disease-process that injuries the 
pyramidal tracts in the spinal cord. This disease-process may be extra-dural 
or intra dural. If intra -dural it may either be extra- or intra -medullary. The chief 
extra-dural lesions affecting the spinal cord are fracture-dislocation of the spinal 
column, tuberculous osteitis, and secondary deposits of malignant growth. Less 
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important arc bony growths of spondylitis deformans, Paget’s disease, osteoma, 
myeloma, etc. Of the intro-dural processes, syphilitic pachymeningitis, menin- 
gitis serosa circumscripta, hydatid cyst, lcukicmtc deposits, and tumour of the 
meninges should he remembered. Disease of the spinal column or of the meninges 
affects the spinal cord by pressure, producing the syndrome of spinal compression. 

Of the intro-medullary causes of paraplegia that are of interest to surgery 
neoplasm is the most important. Hicmatomyelm 1ms already been described. 

A paraplegia when fully established consists of one of two types— paraplegia 
in extension or paraplegia in flexion. In the former, which is the commoner, 
the legs arc in a state of hypertonus in extension. The plantar reflexes give the 
upturning Bign, the knee- and ankle-jerks are exaggerated, ankle and patellar 
clonus may be present nnd the abdominal reflexes will be absent. The rigidity 
in the legs has a peculiar quality. On passive flexion of the limbs the hypertonus 
is at its greatest at the beginning, and as flexion proceeds it grows less and less, 
like the opening of a clasp-knife— the so-called “clasp-knife” rigidity which 
differs from the plastic “ eog-whccl ” hypertonus of extra -pyramidal rigidity. 



Tvj 2001,—PAiuFLtGU r« nexiox Not* severs addcctiov sfasm LJ 


Sphincter paralysis is likely to be present in some degree varying from precipitancy 
to retention with overflow or to the automatic bladder. Paraplegia in extension 
is thought to be due to paralysis of the pyramidal tracts, with preservation of the 
extra-pyramidal motor fibres. 

Paraplegia in flexion is found when the damage to the spinal cord is greater 
and the extra-pyramidal tracts (the vestibulo-spinal tracts, perhaps, in particular) 
are also affected. In this condition the legs when at rest may lie in a flaccid state, 
but upon the slightest stimulus, such as touching them or trying to elicit a plantar 
reflex, they go into violent flexion spasm so that the heels may almost touch the 
glutei. Evacuation of the bowels and bladder may occur simultaneously — the 
“ mass reflex.” As the condition grows more severe the legs may develop 
permanent tonic spasm in flexion and, frequently, in adduction as well. 

Treatment of Paraplegia. 

The nursing of the patient is of great importance when paraplegia has 
developed. Experience has shown that, if sufficient care in treatment is given, 
freedom from complications can often be maintained indefinitely. 

The first step is to prevent the formation of bedsores (see also Vol. I, page 1249). 
These are most likely to develop over the bony prominences. The patient should 
be on a water-bed and he should not be left too long in one position. The skin over 
von. itx. — 3 q* 
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the hack of the trunk and legs should, after washing, be rubbed with methylated 
spirits daily and dried. The tuber ischii, greater trochanters, heck, etc., should be 
suitably supported by soft pillows. 

Secondly, efforts must be made to avert infection of the urinary tract during the 
period of retention and overflow which develops immediately after the appearance 
of paraplegia and which lasts for about three weeks if the patient’s general con- 
dition remains good, but for longer if this becomes poor, before the automatic 
bladder begins to function. The usual practice is to prevent any undue distension 
of the bladder by daily catheterisation or by tying in a catheter for two or three 
days at a time, being extremely careful in taking aseptic precautions. In spite of 
this, however, urinary infection is very liable to occur. If cystitis develops, it most 
be treated by daily irrigation, e.g. with 1 in 4000 oxycyanide of mercury if the urine 
is alkaline, or if acid and if the infecting organism is the bacillus coli with 1 in 
2000 potassium permanganate. Permanent suprapubic drainage may become 
necessary. 

Spinal Compression. 

The signs and symptoms of this condition, due to the causes already mentioned, 
are those of paraplegia together with those resulting from damage to parts of the 
spinal cord other than the pyramidal tracts. Sensory changes and atrophic 
paralysis of muscles are to be looked for. The findings in the cerebro-spinal 
fluid, except in the very earliest stages of compression, are characteristic and of the 
greatest diagnostic value. 

The total protein content is much raised — 0-1 per cent or liigher. The fluid 
may be a golden colour (xanthochromia). If the protein content is very high, 
spontaneous clotting may take place. These changes in the cerebro-spinal fluid 
are known as Froin’s syndrome and are probably due to occlusion by' the compress- 
ing lesion of veins draining blood from the cord and meninges. Compression 
of the cord in the upper cervical region is likely, as already mentioned, to result 
in sudden death. 

In the lower cervical region the cervical enlargement will be affected, and 
flaccid paralysis with the development later of atrophy of soroo of the muscles of 
the arms will appear. If the upper segments of the cervical enlargement are 
involved the paralysis will affect the deltoid, biceps and supinator longus, whilst 
m damage to the lower segments the muscles concerned will be the intrinsic muscles 
of the hands and the flexors of the wrist. 

In any disease-process compressing the spinal cord from without, the posterior 
nerve roots are frequently irritated with the production of pains over the area of 
skin supplied by the affected segments of the cord— “ root pains.” The presence 
of these is of great diagnostic importance in discriminating between compression 
of the spinal cord as distinct from paraplegia due, for instance, to intra-medullary 
degenerative or inflammatory lesions involving the pyramidal tracts. 

In the case of compression affecting the cervical enlargement the root pains 
will be in the arms. In a case of mine of a woman whose breast had been removed 
for carcinoma a yeai or two previously, vertebral metastases first showed them- 
selves by the development of severe pains running down the outer aspects of the 
arms in the distribution of the segments C5 and C 6. "With a progressive lesion as 
the cause of compression the root pains will eventually be replaced by amesthesia. 
Inaddition to the presence of root pains, a zone of hyperaesthesi 3 maybe found over 
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the segmental distribution at the level of the lesion. Below this level will be found 
complete anesthesia over the trunk and lower limbs, together with spastic para* 
plegia. 

The signs and symptoms are, of course, fchoso of spinal compression of advanced 
degree when the picture of complete or virtually complete transection of the cord 
is seen. But when tho patient first comes under observation his condition may be 
of any stage of severity from early root pains or slight weakness of limbs to signs 
of complete transection of the cord. 

In the dorsal region (tho commonest site for tuberculous caries) the zone of 
hyperEcsthcsia and root pains, if present, will form a band like a girdle over the 
distribution of tho intercostal nerves from the affected segments and, immediatelv 
below this, anesthesia of the trunk and legs will be found. Characteristic of dorsal 
compression is the upper “ level ” of sensory change which, when found, is of 
diagnostic value in discriminating between conditions produced by a single local 
lesion of the cord and other disease-processes, such as sub-acute combined 
degeneration, which involve the tracts of grey matter widely and do not concern 
tho Burgeon, but which also produce sensory losses and paraplegic signs and may 
simulate spinal compression. 

In deciding which segments of the cord in the dorsal region are affected by 
the lesion it is useful to remember that tho intercostal nerves from segment Dt 
supply the level of tho nipples, and those from D9 the level of the umbilicus. 
Not only is the finding of an upper level of sensory change of value in diagnosing 
the presence of local lesion of the spinal cord in the dorsal region, but it also enables 
a decision to be made as to which are the uppermost segments involved by the 
compressing lesion. It is usual to-day, in fact, to determine the segmental level 
of the disease for the purpose of laminectomy by clinical means alone if these 
sensory signs arc present, and only to employ lipiodol radiography if they are 
absent. Lipiodol is thought to have a slightly irritant action. 

One important point should be borne in mind in diagnosing spinal compression. 
In slowly progressive lesions, and particularly in tuberculous caries, signs of pyra- 
midal damage often appear first, before root pains and sensory loss, so that a pure 
motor paraplegia, perhaps of insidious onset, is the earliest sign. It is very easy 
in such a case to consider the paraplegia as due to some degenerative or inflam- 
matory process affecting the pyramidal tracts, such as disseminated sclerosis or 
motor neurone disease, and as of no importance to the surgeon. 

One of my cases was a middle-aged woman with a well-marked paraplegia of 
insidious onset and with no sensory changes whatever. However, lumbar puncture 
revealed a moderately raised protein percentage, and lipiodol was held up in the 
mid-dorsal region. Her condition was one of spinal compression due to spondylitis 
deformans for which laminectomy was indicated. 

Lipiodol radiography is performed as follows : Cisternal puncture is carried 
out either with a small lumbar puncture needle or with a special needle graduated 
in centimetres. After anaesthetising the skin with novocaine, the needle is inserted 
in the mid-line immediately above the spine of the axis vertebra. It is pushed 
forwards in the line made by joining the external auditory meatus with the nasion. 
The patient may be either lying on his side or sitting upright with his head well 
flexed forwards. The subarachnoid space may be entered anywhere between 3 
and 6 centimetres below the surface. The needle should not be pushed deeper 
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than 6 centimetres. Entry into the subarachnoid space mar be felt by the sodden 
lessening of resistance, but it is helpful to remove the stHette from the needle as 
soon as the sl-m is punctured. One or two cc. of Iipiodo! (40 per cent iodine) are 
slowlv injected and. after the patient has remained upright for from fifteen to 
twenty minutes, radiography of the spinal column is carried out. Light lipiodol, 
which floats in cerebrospinal fluid, may be injected by means of lumbar puncture 
below the level of the compressing lesion and the lower border of the latter defined, 
or heavy lipiodol may be injected and the patient's hips be raised in the X-ray 
room so that the injected fluid runs upwards to the lower level of the lesion. 

After the segmental level of the disease-process has been found, it is necessary 
before carrying out laminectomy to determine the relationship of the under- 



lying a£«ted segments of the cotd to the overlying vertebra. The following table 
is of practical value in this connection • 

To ascertain which spinal eminent is related to a given vertebra— 

For the cervical vertebra, add 1. 

For dorsal 1-6, add 2. 

For dorsal 7-9, add 3. 

The 10th dorsal arch overlies lumbar 1 and 2 segments. 

The 1 1th dorsal arch overlies lumbar 3 and 4. 

The 12th dorsal arch overlie lumbar 5. 

The 1st lumbar arch overlies the sacral’ and coccygeal segments. 

(Russell Brain.) 

In the lower dorsal region of the spinal column a compressing lesion will affect 
the lumbar enlargement of the cord. If lumbar 3 and 4 segments are involved, 
flaccid paralysis of the quadriceps wffl result together with abolition of the knee- 
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jerks and, later, with wasting. The rest of the muscles in the legs will show- 
pyramidal or spastic paralysis with hypertonus. Destruction of the first and 


second sacral segments of the 
cord produces spastic paralysis 
of the hamstrings with flaccid 
paralysis of the calf muscles. 
Flexion of the hips, extension 
of the knees and dorsiflexion 
of the feet are unaffected. 
Involvement of the lower sacral 
segments paralyses the bladder 
and rectum causing retention of 
urine and feces. Motor or sensory 
function in the legs is unaltered. 
Below the level of the lower 
border of the 1st lumbar vertebra 
a compressing lesion involves the 
fibres of the cauda equina. No 
spastic paralysis is seen in the 
legs, all muscular weakness pro- 
duced being of the flaccid type 
with supervening atrophy. What 
muscles are paralysed is depend- 
ent upon what fibres of the cauda 
equina are affected. The calf 
muscles, hamstrings and glutei 
are often involved. Sensory loss 
is variable. Both in lesions of the 
sacral segments of the cord and 
of the cauda equina loss of sensa- 
tion over a saddle-shaped area 
on the buttocks is common. The 
bladder and rectum may be 
paralysed, as in sacral lesions, or 
may be unaffected. Severe root 
pains often characterise cauda 
equina lesions. 

DISEASE-PROCESSES PRODUCING 
SPINAL COMPRESSION 

(1) Spinal tumour. 

This has been considered in 
Volume II, page 1848. 

(2) Tuberculous osteitis. 

This has recently been 

classified by Butler into three 
types : («) Early onset and mild ; 
(b) Early onset and severe; 
and ( c ) Late onset. 



or m i srr**t ttnxtsrs to nit viktis* * **n to the 
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Tuberculous caries nearly always develops before the age of twelve years, 
and about 10 per cent of cases develop spinal compression with paraplegia. Butler 
finds that with ordinary conservative treatment spinal compression disappears 
with clearing up of the paraplegia in cases of Type (a), though full recovery may 
take years. If, however, complete paraplegia exists for more than six months 
recovery is unlikely. Cases of Type {6) do not recover. Paraplegia is produced in 
Pott’s disease by one of the three following causes : (i) Pressure upon spinal veins 
with oedema of the cord ; (ii) Pressure upon the cord l*y a cord abscess ; or 
(m) Pinching of the cord in bony dislocation. 

Type (c) cases are due to chronic interference with blood supply to the cord by 
affection of the extra-dural blood-vessels. Early treatment by the usual conserva- 
tive measures results in complete recovery from spinal compression in CO to 90 per 
cent of cases. The prognosis of incomplete paraplegia is extremely good. 

Costo-transverscctomy for drainage of a cord abscess in Type (6) cases is 
probably the best treatment. Paraplegia persisting for more than six months 
or changing suddenly in severity may be relieved by laminectomy. 

(3) Secondary deposits. 

These arc common from hidden primary growths such as carcinoma of the pros- 
tate, breast or thyroid. Treatment is purely palliative and consists chiefly of 
adequate doses of morphia. 

(4) Pachymeningitis, chronic arachnoiditis, etc. 

Laminectomy in the earliest stages of these conditions may he of great benefit 
but is useless if deferred until spinal compression is well established. 

(5) Syringomyelia. 

This disease has at time3 been treated surgically by laminectomy and aspira- 
tion of fluid from the cpts. Improvement and cessation of deterioration have been 
reported. Most authorities, however, regard the benefit of this procedure as doubt- 
ful and consider deep X-ray therapy to bo the best treatment. 

(6) Herpes zoster. 

Surgeons should remember that this condition may be due to damage to the 
posterior nerve roots by disease-processes such as those giving rise to spinal com- 
pression. I have seen it in spondylitis deformans, 

(7) Acute anterior poliomyelitis. 

The differential diagnosis of paralysis due to this disease when seen long after 
the acute attack and when surgical treatment may be desirable is important. It 
must be differentiated from the wasting of peroneal muscular atrophy, progressive 
muscular atrophy, myopathy, syringomyelia and peripheral neuritis. In the first 
named and in myopathy a family history may be obtainable. Their distribution 
is symmetrical. The wasting of poliomyelitis is stationary and often very asym- 
metrical. A history of the acute attack should be sought for. In syringomyelia 
and peripheral neuritis the sensory changes will clarify the diagnosis, though the 
presence of subjective unpleasant sensations secondary to vascular congestion 
and to coldness of the limb in old anterior poliomyelitis should be remembered. 

PERIPHERAI. NERVOUS SYSTEM 

(1) Interstitial neuritis. 

Two forms of this may require the attention of the surgeon. One is inter- 
stitial neuritis of the ulnar nerve, affecting the latter in the bicipital groove. It 
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seems often to occur in middle-aged persons who work a good deal with their arms, 
and it may be associated with chronic arthritis of the elbow. For example, one of 
my patients was a ship’s quartermaster who had spent years at the steering wheel. 
The typical signs of chronic ulnar palsy are sometimes seen bilaterally. The opera- 
tion of anterior transplantation of the nerve, if performed early, is curative. The 
other form is sciatica where great and sometimes dramatic relief is obtained in 
obstinate cases by the epidnral injection of 20 cc. of 1 per cent novocaine solution 
followed by 80 cc. of normal saline or by the injection of similar quantities of fluid 
into the nerve trunk in the buttock. 

(2) Causalgia (see also Volume II, page 3163). 

This painful condition follows partial severance of a peripheral nerve — usually 
the median — in injuries. Trophic changes in the index and middle fingers occur 
with lividifcy, swelling, shiny skin, and curvature and brittleness of the nails. 
Severe burning pain with exacerbations is constant. The essential in treatment 
is early operation with resection of the damaged part of the nerve followed by 
nerve suture. Unless done early neither this nor cutting the posterior nerve roots 
nor the spino-thalamic tracts will give relief. 

(3) Ganglion neuromata (see also page 4273). 

These are characterised by extreme tenderness to touch of an old scar. The 
affected nerves Bhould be exposed, stripped for some distance, and severed as far 
as possible above the neuromata. The ends of the nerves should be ligatured and 
injected with absolute alcohol. 



CHAPTER V 

Abxoehaltties or Mcsctlab Poster axd Tosvs 

There ate many conditions of disability capable of amelioration by surgery tfc3t 
are the result of partial or complete paralysis or of hypertonus or flaccidity in 
skeletal mnscle groups. It is unnecessary to refer in detail to the operative and 
other surgical procedures that can be carried ont, on the one hand in spastic 
conditions such as hemiplegia for the relief of rigidity or of pain, or, on the other 
hand, to counteract the effects of paralysis in patients suffering from the flaccid 
palsies of anterior poliomveliti3. General consideration may, however, be given 
to some of the medical aspects of such cases, as harm may be done or effort be 
wasted in misdirected treatment. 

The trpe of patient who may be helped by the surgeon to gain some return of 
function is one whose spastic or flaccid paralysis is per m a n ent bot non-progressive, 
and whose general condition and mental state are gocd. Thus, rigidity may be 
lessened and function assisted by appropriate procedures in a child suffering from 
congenital hemiplegia but, clearly, such surgical intervention would be contra- 
indicated if the child were mentally defective. It would also be contra-indicated 
if the hemiplegia in a child or adtdt were a manifestation of a progressive disease — 
for example, m an adult whose paralysis was caused by haemorrhage or throm- 
bosis as a result of advancing cerebral arteriosclerosis. Surgical procedures may be 
employed in spastic paralysis for two reasons : (1) for relief of deformity and to 
improve function, and (2) to lessen suffering and pain. For the second of these 
two reasons operative procedures may at times be needed during the course of 
progressive conditions. 

The forms of hypertonus may be grouped as follows : 

(1) Cerebral in Origin. 

(a) Het/nplegia. Hemiplegia occurring early in life, or present from birth, is 
often susceptible to much improvement by surgical treatment. Later in life great 
care is needed in eliminating the presence of progressive disease such as vascular 
degeneration, disseminated sclerosis, or cerebral or spinal neoplasm, which will be 
present in a high proportion of cases. Cerebral thrombosis with the production 
of hemiplegia occurs sometimes in adolts free from any detectable degree of arter- 
iosclerosis and where th«* outlook as regards general health is gocd. Such patients 
would be good subjects if any surgical procedure, such as tenotomy or Staffer* 
operation, appeared to be indicated. 

Progressive change of physical signs is, as a rule, rapid in hemiplegia secondary 
to a cerebral neoplasm. 

(&) Congenital dijirgia. This familiar condition is dne to failure of develop- 
ment in utero of cortical neurones, chiefly those of the pyramidal tracts. Early in 
life the child's limbs are noticed to be weak and spastic. The legs are usually 
hypertonic in extension, and adduction spasm (scissor legs) is common. The 
5oti 
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syndrome varies in severity from one of complete powerlessness in all limbs to the 
slightest of disabilities. Even in the worst cases, intelligence may be good, but in 
others the neurones of the association areas are affected and mental defect is 
present. The expectation of life is much shortened in severe cases, when death 
usually occurs in early adult life. This point, together with the state of the child’s 
intelligence, should be borne in mind when considering palliative surgical pro- 
cedures such as tenotomy, Stoffel’s operation, etc. In a case with a moderate 
degree of disability, much improvement may be obtained under such treatment, 
but in more severely affected cases where painful muscular spasms occur, relief 
from suffering may be given by tenotomy or total division of motor nerves, 
although no increase in function can be expected 

In certain cases of diplegia, marked involuntary movements of an atheto- 
choreifoTm character are to be seen These may be associated with spasticity or 
may occur in its absence. They are produced by failure of development of corpus 
striatum neurones, especially those of the putamen. 

( c ) Extra-pyramidal rigidity. The rigidity and contractures of post-encephahtic 
Parkinsonism may be helped by surgical intervention. For example, tenotomy 
of the tendo Achiilis may enable a patient to walk unaided when he had previously 
been unable to do so. Post-encephalitic cases, however, are not always stationary. 
In a moderate proportion of Parkinsonians, the condition is steadily progressi\e 
and the benefit from any orthopsedic treatment may be very temporary. Post- 
encephalitic Parkinsonism must be differentiated from paralysis agitans, which, 
as a rule, develops at an age which would of itself often contra-indicate surgical 
treatment and which is, in addition, progressive. 

(2) Due to Spinal Cord Lesions. 

The two forms of spastic paraplegia, that in extension and that in flexion, 
may, when in a chronic stage and apparently non-progressive, be considered with 
a view to ameliorative surgical treatment. Paraplegia in extension may be helped 
by tenotomy of the tendo Achiilis, Stoffel’s operation, etc. , but much care is needed 
in selecting suitable cases owing to the high proportion which are due to progressive 
disease. One would mention paraplegia in flexion as a condition in which surgery 
can give great relief from suffering, although no improvement in function can be 
expected. Patients with this form of paraplegia experience great pain from frequent 
flexor spasms of the legs and they become completely bed-ridden owing to their 
distorted postures. In advanced cases the knees will be flexed on to the abdomen 
and the legs strongly adducted. By suitable procedures of tenotomy and division 
of motor nerves, the spasms may be abolished, pain caused to disappear, and the 
awkward position of the legs corrected. I have seen a patient — a professional 
man— bed-ridden and in suffering for a year, able to resume his work sitting in a 
chair, after suitable surgical treatment. 

(3) Due to Lesions of Peripheral Motor Neurones. 

The most important form of peripheral or flaccid paralysis with muscular 
wasting as far as surgical treatment of the resulting disabilities is concerned is 
acute anterior poliomyelitis. So many cases suitable for surgical help are seen 
because the disease is common in the young and, with survival from the acute 
attack, the condition is non-progressive. 

The treatment of the paralysed muscles after the acute attack, during the 
period prior to attempting any surgical procedures to diminish disability, need not 
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be described here. The disease, however, needs discrimination from the primary 
muscular degenerations of childhood— the myopathies. A family history will 
often be obtainable of the latter. There will be no history of acute onset, and the 
wasting will be symmetrical and most marked around the pectoral and pelvic 
girdles. The pouting myopathic facies may be observable, as may be pseudo- 
hypertrophy of some of the muscles. A similar syndrome, which is, however, not a 
myopathy but a degeneration of lower motor neurones, is peroneal muscle atrophy. 
This condition becomes stationary after some years, when paralysis has reached 
not higher than the lower third of the thighs and the lower third of the upper arm 
muscles. When this final stationary condition is reached, palliative orthopsedic 
procedures on the legs may be carried out to improve gait. 

In the muscular wasting and spastic palsies that are so familiar in motor 
neurone disease (progressive muscular atrophy and amyotrophic lateral sclerosis), 
and in syringomyelia, no surgical palliation is possible, owing to the progressive 
nature of the diseases. This is especially true of the former, but an occasional 
case of syringomyelia becomes stationary or progresses with extreme slowness. 
Care should he taken in middle-aged patients not to misdiagnose peroneal muscular 
atrophy as progressive muscular atrophy. The stationary character of the former, 
with its characteristic distribution of atrophy and its family history, will 
differentiate it. 

Reference has already been made, on page 5522, to the surgical treatment 
of interstitial neuritis. 



CHAPTER VI 

Coma and Delirium 

W Vncmucioumas. unm nsehuenees often takes a character- 

This mar »>0 partial or complete ' ‘ b completely unconscious, lying 

istic form i the patient appears on i^ect,-*^ t0 . degree the 

still with closed eyes, oblivious of m , est i 0 ns. Such questions may he yell 

is surprising, of being roused to _ on ? (e rekpse j^o the previous condition, 

answered, only to be follows J application of painful stimuia- 

Patients may also be roused from tins Serves in the supra-orbital north, 

tion, such as pressure on the sup ,hat a pat ient who cannot be 

tweaking the nose, etc. These st mull m unconscious. Appearances 

made to answer questions « nevertheless c 8 conc lnding that a partially 
are deceptive, and without these " mrtta^ ^ ^ Conous310 n 
or lightly unconscious patient is deeply tbfa o£ light unconsciousness, 

following a blow on the head is char. of processes-the pulse 

Associated with it in this conditi e an d temperature sub-normal, an 

is thready, respiration shallow. Woo P du0 t0 a general anmmia of the 

the skin pale. The un f ““““fodpressure the latter being a result of shock 

cerebral cortex due to the fall in Wood-pressure 

to the medullary centres. . ss was seen during the “ >' thar 6“ 

A very similar impairment of consewns most ^ rcmem bered that 

stage of an acute attack of ““^‘‘“thtWirgic symptoms, are to-day of very 
acute attacks of this disease, especially with letna g 

rare occurrence. - ^ t fc e reflexes are present and o norma 

In the state of light ““‘"““’j ' be seen in hysteria. Here strong 
type. Astate ofapparent uncouscioiKness 7 This must he distingu^hed from a 
■'S-. L» made to attempts at rousing f„i| owm(: head injury . 


type. A state of apparent ”T This must be distinguyneu 

Stance may be made to a f^embral irritation following head mjmy^ 
similar resentment shown by pa i consciousness may be the ear y 8 ° 

It must be remembered that light ,mco q stage of recovery from - the 

what later progresses into deep f ’ &Qt ttat patients showing tins s 7 rap 
latter. Therefore, it is highly imp anc j jf the cause of the conditi 

should be placed under constant 0 ma k e a diagnosis should be underta en 

is not clear any investigation ' as a middle meningeal hiemorrhage 

at once. This may enab , e such Partial unconsciousness where 

diabetic coma to be trea e taken lightly. , . answer 

the cause is not clear should ne patient cannot he mused , 

In complete unconsciousness or com“ P Suc h reflexes a s the comeal 

questions a ? nd is irresponsive to absent. The plantar response 
response and the pnpilW “ “| e formal, as in “UC^' 


deep and stertorous. 


5527 



5528 POST-GRADUATE SURGERY 

Differential Diagnosis of Coma. 

(1) Injury. A blow on the head. Diagnosable from the history. Examine 
the scalp for signs of an injur}' when a history is unobtainable. Coma may be due 
to severe concussion or to compression of the brain from a depressed fracture or 
from mtra-cianial haemorrhage. Deepening unconsciousness with focal signs 
such as henuplegia may be signs of the latter. In meningeal haemorrhage an 
enlarged pupil may be seen on the side of the haemorrhage. Paralysis of limbs 
may be detected by passive movement of them, when absence of tone will be 
appreciated on the paralysed side. 

(2) Post-epileptic Coma. Confirmed by obtaining a history of previous epileptic 
attacks. In the absence of history, the epileptic facies may be observed and scars 
from previous falls may be seen. 

(3) Diabetic Coma. History* of diabetes. Smell of acetone in the breath. 
Presence in the urine of sugar and acetone — the latter in large quantities giving 
a positive ferric chloride test. In all such cases where the cause of coma is not 
readily found by clinical examination the urine should be examined for sugar, 
acetone, albumen and casts, a specimen being obtained by catheterisation. 
Low intra-ocular tension and air hunger may also be seen in diabetic coma. 

(4) llypoghjca-mic Coma. As this only occurs in a patient under treatment 
with insulin it will be suspected from this history. Sudden onset with absence of 
acetone and aceto-acetic acid from the urine, if not of sugar also, will differentiate 
it from diabetic coma. 

(5) Uraemia. Again, a clue may be obtained from the history. The breath 
may smell urinous, and the urine will be of low specific gravity and will contain 
albumen and casts. The blood-pressure may be raised above normal. Epilepti- 
form convulsions may occur and focal signs, such as hemiplegia, may be seen. 

(6) Cholrrmia. A typhoidal state deepening into coma is characteristic of this 
condition which is a form of acute and commonly fatal toxiemia that terminates 
acute yellow atrophy of the liver and which may be seen in hepatic cirrhosis 
(without jaundice) and in some cases of toxic or infective jaundice. It is possibly 
due to loss of the detoxifying action of the liver cells. Bile, albumen and casts are 
likely to be found in the urine, with a high percentage of ammonia-nitrogen and 
with amino-acids such as leueme and tyrosine in excess. The patient, except in 
portal cirrhosis, will probably be jaundiced and febrile. 

(7) Acute General Infections and Toxerrnias. Coma may occur in the late stages 
of septicemia. Evidence of general infection will make this diagnosis easy. 

Meningitis has already been described on page 5484. 

(8) Drugs. Due to toxic doses of cerebral depressants. Headers will remember 
the classic danger of mistaking some other cause of coma for unconsciousness 
which is due to alcohol, owing to the smell of it in the patient’s breath wbenit 
happens to have been given previously in an attempt to revive the patient. 
Morphia and opium show pin-point pupils and shallow respiration with, sometimes, 
a characteristic smell on washing out the stomach. Poisoning with veronal may 
be accompanied by cyanosis and signs of cardiac failure. °A history' of drug 
addiction or of suicidal tendencies may help in diagnosis, as well as analysis of 
stomach contents after washing out the stomach. This procedure should always 
he carried out if there is any suspicion of poisoning as a cause. Occasionally, 
the organic arsemcah may produce an acute arsenical encephalitis with convulsion, 
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coma, and rapid death. Lead poisoning may be manifested as a general acute 
cerebral toxaemia in acute lead encephalopathy, a condition associated with delirium 
and convulsions, leading to coma. A raised protein content with lymphocytosis 
may be found in tbc cerebro-spinal fluid. 

(9) Cnrrfio-ru«c!/far Disorders. Coma results in these conditions through the 
production of cerebral amcmia. This may be due to severe hemorrhage or acute 
cardiac failure, and sometimes in sub-acute or chronic cardiac failure — the latter 
a common, cause in middle-aged or elderly people and often misdiagnosed. It 
occurs in patients suffering from cerebral arteriosclerosis whose heart muscle 
begins to weaken ns a result of coronary atheroma. It does not appear to develop, 
except as a terminal event, when cerebral arteriosclerosis is absent, and cases of 
the latter that develop it usually show as the precipitating cause some degree of 
myocardial failure. I have seen a patient completely unconscious from this cause 
for as long as nine weeks before death. Focal cerebral vascular lesions are also 
a common cause of coma in middle-aged and elderly people. These are cerebral 
thrombosis and haunorrhago, which wc have already described. Cerebral embol- 
ism, dependent upon some cause elsewhere, may obviously occur at any age when 
such causes are operative. Subarachnoid haemorrhage from a ruptured congenital 
cerebral aneurysm and pachymeningitis superior hemorrhagica must be remem- 
bered as less common causes. The convulsions followed by unconsciousness of 
the Stobes-Adams’ syndrome are due to amcmia of the brain. 

(10) Ollier Diseases of the Brain. 

(а) Acute encephalitis. Acute disseminated encephalomyelitis, occurring 
spontaneous!}* or associated with an acute specific fever and, rarely to-day, the 
late stage of acute encephalitis lethargica. Fever, slight meningitic signs, and 
normal cerebro-spinal fluid, or fluid containing only slight excess of cells and pro- 
tein, and signs of involvement of the mid-brain, such as strabismus and ptosis, will 
help in d'agnosis. 

(б) Cerebral tumours and abscesses Here coma is generally due to a rise in 
intra- cranial tension, signs of which, such as papilkrdema, will be found. It may 
result from extensive involvement of the frontal lobes, especially the left frontal, 
by the growth. Three conditions— acute encephalitis (both forms), frontal tumour, 
and tuberculous meningitis — -are apt to be confused with one another. The cerebro- 
spinal fluid in cases of tumour and abscess often shows a high nse in total protein 
with the presence of globulin In tumour there will be no excess of cells, but some 
excess of leucocytes may be found in abscess. 

(c) Acute hydrocephalus from various disease-processes is an occasional cause 
and is apt to be overlooked. It may occur in cases of cerebral tumour, especially 
of the posterior fossa or of the mid-brain and third ventricle. In very acute hydro- 
cephalus, as in intra-ventricular hsemorrhage, great simultaneous rise in pulse- 
rate, temperature and respiration may be seen. 

(i) The “ congestive attacks ” of general paralysis of the insane may be followed 
by a period of unconsciousness as after an epileptic attack. 

(jB) Delirium and Excitement. 

Conditions of delirium or excitement often represent a state either preceding 
or succeeding one of coma. For example, in epilepsy, where on recovery from an 
attack of grand or petit mal a period of excitement may ensue. Also, in diabetes 
meflitus a restless form of “ coma ” may be seen. The excitement of alcoholism 
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needs no further mention. The early stages of acute general infections or 
toxaemias commonly exhibit delirium to be followed later, if the condition grows 
worse, by unconsciousness. The unconsciousness due to cerebral anaemia from 
various causes has been described. This state may be preceded or succeeded by 
one of excitement. For example, delirium as a sign of myocardial heart failure 
should not be overlooked. The picture of cerebral irritation following a state of 
clouded consciousness due to concussion is another instance. States of excitement 
may be seen in weemja and in general paralysis of the insane. 

Delirium maybe due to the manic stage of the major mental disorder of manic- 
depressive psychosis. No toxic or other physical cause for this condition will he 
discoverable. A history of exacerbations and remissions occurring at intervals 
of months or years, alternating in some cases with periods of depression, may be 
obtained. The diseases of the brain that have already been described as being liable 
to produce clouding of consciousness and coma may all cause delirium either as a 
symptom of oncoming coma or of recovery from the latter. 

In the treatment of delirium the rapid diagnosis of its cause should be possible 
if the above points are home in mind. The appropriate therapy for the underlying 
condition can then be administered. Often, however, the surgeon may be forced 
by the necessity to quieten the delirium quickly in order that the patient may be 
satisfactorily nursed, prevented from disturbing others, and enabled to gain much 
needed rest. For this purpose chloral and bromide by mouth or rectum, or morphia 
and hyoscino hypodermically, have long been employed. Undoubtedly now, 
however, more powerful aud certain control — combined with safety — is obtain- 
able with barbiturates. Somnifaine, up to 4 cc. intravenously, is almost instantan- 
eous in inducing sleep which usually lasts for five or more hours. For a slower effect 
it may he given intramuscularly in similar amounts, as may also luminal in doses 
of up to 4 grains. 
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the symptoms of his nervotis sta aUo ad4 t0 the anxieties of 

s^ars*. *siit 

— - *— have t0 be 
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best made clear in such children not merely by eliminating any organic disease 
but. in addition, by looking for the various positive signs or nervousness. Children 
exhibiting these pseudo-physical symptoms arc generally over-emotional and 
excitable. Their parents may describe them as restless and “ always on the go.” 
Sleep is frequently poor and night-terrors or fear of sleeping alone or in the dark 
are often present Wilfulness, bad-temper, and a tendency to become easily 
terrified are commonly seen It is frequently apparent that one or both of the 
parents arc themselves of an over-emotional disposition and a family history of 
nervousness can lie elicited in many cases. In some of these children the signs of 
cyclical vomiting with ketomma may be found, when relief may obtained by 
the administration of glucose 20 gms. t.cLs. Pains, of a deceptively organic 
character, are sometimes complained of by nervous children in other parts of the 
body, but abdominal symptoms are the most frequent. In fact, one of the common- 
est forms of abdominal pain in childhood is probably that of functional origin. 

(2) The child is father to the man and the sufferer w ith an anxiety state exhibits 
symptoms very similar to those just described. Ife is characteristically restless, 
emotional, excitable, easily driven into a panic, and often complains of n chronic 
inexplicable feclmg of dread and foreboding. He worries over trifles, and all the 
minor difficulties and trials of life are greatly exaggerated. Sleep is frequently 
poor One of the reasons why he is apt to be seen by the surgeon is because he 
is often full of hypochondriacal anxieties, when the least ache or pain may give 
rise to the fear of some serious underlying physical disease. Abdominal symptoms 
are a frequent manifestation of an anxiety state. Anorexia, dyspepsia, pain after 
food, or bearing no relation to food, and vomiting may be seen. Many patients 
with such signs have undergone laparotomies for such vague surgical entities as 
chronic appendicitis. Again, it must be emphasised that, in order to clarify the 
diagnosis completely, the surgeon should not rest content with the elimination of 
organic disease, but should seek positive evidence of an anxiety state which is 
itself just as much a pathological condition as an impacted gall-stone. As in the 
case of the nervous child, the family history should be enquired into. Anxiety 
states can roughly be divided into very chronic forms dating from, early life and 
often with a family Liston-, and more recent acute forms developing during adult 
life. -Vs a rule, the former type has a worse prognosis and more severe symptoms. 
Many of these patients probably have a strong constitutional predisposition and 
are likely to present the surgeon with bigger problems. 

Allied to the anxiety states are the conditions of nervousness in women, 
with similar symptoms that may appear at the climacteric or in association with 
disorders of menstruation earlier tnlife. It is in cases of anxiety states injudiciously 
handled that the “ chronic ab>lornen ” and the patient who is always seeking and 
welcoming another operation are seen. 

Before embarking on any form of surgical treatment other than emergency 
procedures, especially of a major operative character on the abdomen, the patient’s 
mentality should be summed up and the obvious signs of an anxiety state looked 
for. If this is found, great care should be exercised in dealing with him. Impati- 
ence is out of place— an anxiety state is not synonymous with malingering. At 
the same time, pandering to him and sympathising excessively with his fears may 

harmful The patient may be gaming some attention, sendee, and devotion 
to himself from those who undertake his treatment, for which he feels a psycho- 
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logical craving in his everyday life ; and after treatment is over he may become a 
chronic patient in an attempt to command this attention indefinitely. 

The greatest care should be taken to avoid treating a case of chronic anxiety 
state surgically unless this is absolutely necessary. In particular, the harm done 
by operating upon a case whose symptoms are purely functional and merely 
simulating organic disease and who is free from the latter is more than the mere 
physical harm of an unnecessary operation. It may start the train of prolonged 
hypochondriacal invalidism. Prior to embarking upon necessary surgical treat- 
ment, a patient with an anxiety state should be dealt with with a kindly but 
unemotional impersonality. His dreads should be understood but, without 
over-sympathy, should be carefully explained away and he should be reassured 
and an atmosphere of confident calm created. Harshness or lack of understanding, 
on the one hand, and emotional over-sympathy on the other, are both harmful. 

Symptoms of anxiety, exaggerated by fear of impending operation, are often 
associated with insomnia. Much improvement may result from adequate relief 
of this, for which barbiturate drugs are the most useful. Potassium bromide 
20 grs. t.d.s. should also be given. 

The number of cases of chronic anxiety that have been made much worse 
by a surgical operation is large. Frequently, in studying case histories, one finds 
an increase in the severity of symptoms dating from such an occurrence. This risk 
is minimised if the steps in handling and treating such cases as have been described 
are carefully followed. 

(3) The same regime should be followed when undertaking surgical treatment 
of a patient showing symptoms of hysteria. Two points must be emphasised. 
One is that the physical symptoms in hysteria may simulate surgical conditions 
very closely and discrimination may be extremely difficult. Hysteria can often be 
suspected by the patient’s placid and almost contented attitude towards his 
symptoms. He frequently fails to exhibit the degree of normal concern that a 
mentally healthy patient shows towards some condition of physical disease from 
which he may be suffering. 

The complete subject of differential diagnosis between hysteria and organic 
disease naturally cannot be dealt with here. 

The second point to be remembered is that the hysterical patient is even more 
liable to become chronically dependent upon his medical attendants than is the 
anxiety neurotic. An example of the close simulation of an organic condition 
that can occur in hysteria may be given from a case under the observation of a 
surgical colleague. For nine years a man had suffered from a completely paralysed 
arm which was flail-like and had become a nuisance to him. It was decided to 
amputate and he was admitted to hospital. During the process of pre-operative 
preparation he noticed power returning to his fingers and eventually, as a result 
of the suggestion of the*c preliminaries, complete function returned. 

(4) Similar treatment and precautions should be applied to patient* with 
obsessional neurosis. Sufferers from this neurosis comprise those persons who 
become slaves to rituals such as prolonged hand-washing, or to obsessive thoughts. 
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A 

Abdomen, “ chronic,” 5532 
Abruptio placenta, Ciesarean section in, 
3907 

induction of labour in, 3843 
Abscess, cerebellar, 4681 
cerebral, 4678, 4681 
dento-alvcolar, 5199 
extra-dural, 4678 
intra-cranial, 4678, 5490 
ischio-rectal, 5462, 5463, 5465, 5466 
otitic, 4780 
pelvi-rectal, 5463 
peri-anal, 5462 

psoas, simulating femoral hernia, 3671 
retro-pharyngeal, 4933 
subdural, 4678 
submucous, 5462, 5466 
Acetabulum, fractures of, 4458 
treatment of, 4459 

Acholuric jaundice, splenectomy for, 3595 
Acrocyanosis, 4035 

Acromegaly affecting the mandible, 5146 
Acromio-clavicular joint, operations on, 
4309 

Acromion process of scapula, fracture of, 
4407 

Actinomycosis, of mandible, 5135 
X-ray therapy in, 5399 
Adamantinoma, of mandible, 5140, 5147 
Adenitis, epidemic Btreptococcal, 4239 
gonorrhoeal, 5250 

(*<*e also Lymphadenitis ; Lymphatic | 
glands) 

Adenoideetomy, 4913 
incomplete, 4913 
technique, 4954, 4939 
Adenoid*, 4938 
tetiologv and treatment, 4939 
and cervical adenitis, 4912 
indications for operation, 4911 
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middle ear disease and, 4941 
and nasal catarrh and diphtheria, 4942 
nasal obstruction due to, 4941 
and retro-pharyngeal abscess, 4942 
and smus infection, 4942 
Burgieal anatomy in relation to opera- 
tion, 4938 

technique of operation, 4943 
(see also Adenoideetomy) 

Age, in relation to operations and surgical 
risk, 3576 

Air and food passages, foreign bodies in, 
4822, 4839 

Albee’s arthrodesis of the hip joint, 4333 
Alcoholism, in relation to operations and 
surgical risk, 3578 

Alkalosis, during medical treatment of 
peptic ulcer, 3591 

Alveolar clefts, tec Cleft lip and palate 
Alvcolectomy, 5201 
Amputation and Amputations, 4266 
after-treatment, 4271 
at ankle joint, 4279 
Berger’s, 4296 
Carden’s, 4283 
Chopart’s mid-tarsal, 4279 
contractures and vasomotor disturb- 
ances after, 4277 

elbow joint, disarticulation at, 4293 
forequarter {mtcrscapulo - thoracic), 
4296 

hind-quarter (interinnomino- 
abdoroinal), 4288 
hip joint, disarticulation at, 4286 
in presence of sepsis, 4275 
in region of the knee, 4283 
interinnomino-abdominal, 4288 
interscapulo-thoracic, 4296 
kincplastic, 4271 
Lisfranc’s, 4279 
lower extremity, 4277 
neurofibroma, 4273 
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Amputation and Amputations, of the 
fingers, 4288 
of the thumb, 4291 
of the toes, 4277 

shoulder joint, disarticulation through, 
4295 

Spence’s, modification of, 4295 
Stephen Smith's, 4283 
StokeS-Gntti's, 4283 
stumps, 4266 
complications in, 4272 
conical, 4272 
scar tissue, 4273 
sinus in, 4274 
spur formation, 4273 
Syme's, 4279 
technique, 4268 
through the arm, 4291 
through the foot, 4279 
through the forearm, 4292 
through the leg, 4281 
through the thigh, 4281 
upper extremity, 4288 
wrist joint, disarticulation at, 4291 
Ansemia, m relation to operations and 
surgical risk, 3594 

Anesthesia, “ cardiac deaths ” under, 
3582 

Andrews (Wyllys), method applied to 
repair of femoral hernia, 3677 
operation for inguinal hernia, 3649 
Aneurysmal vans, 4073 
Aneurysmorrhaphy, 4060 
technique of, 40G1 
Aneurysmotomy, 4060 
Aneurysms, 4049 
.•etiology, 4051 
aortic, 406G 

arterio-venous, 4072, 5498 
etiology, 4073 
diagnosis, 4076 
intra-cramal, 5498 
morbid anatomy, 4074 
pathology, 4073 
treatment, 4077 
axillary, 4068 
carotid, 4067 
carotid-cavernous, 4079 
cirsoid, 4081 
classification, 4019 
congenital arterial, 4049 
cerebral, 5481 


contents of, 4055 
course and complications, 4055 
diagnosis, 4056 
differential diagnosis, 4057 
dissecting, 4052, 4053 
embolic and erosion, 4050 
femoral, 4069 
fusiform, 4053 

idiopathic (spontaneous), 4051 
iliac, 4069 

innominate artery, 4060 
intra-cranial, 4070 
surgical treatment, 4071 
morbid anatomy, 4052 
operative treatment, 4059 
aneurysmorrhaphy, 4000 
aneurysmotomy, 4000 
arterio-venous anastomosis, 4062 
excision, 4060 
ligature, 4059 
of special aneurysms, 4006 
popliteal, 4070 
saccular, 4053 
subclavian, 4008 
traumatic, 4052, 4062 
treatment, 4064 
treatment, 4058 
acupuncture, 4059 
compression, 4058 
insertion of foreign bodies, 4059 
mechanical procedures, 4038 
surgical, 4058 
true and false, 4049 
venous, 4049 

Angeiography, cerebral, 5483 
Angina pectoris, stcllectomy for, 3977 
surgical treatment of, 3970, 3972, 3973 
operations on the cardiac nerves, 
3974 

sympathectomy for, 3976 
Angioma, of mouth and tongue, 5018 
of the nose, 4789 

Ankle joint, abduction fracture (Potts 
fracture), 4503 

abduction fracture with displacement, 
treatment of, 4506 
adduction fracture, 4501 
with displacement, treatment of, 4507 
amputation at, 4279 
arthrodesis, 4345 
arthroplasty, 4346 
arthrotomy, 4345 
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fracture dislocation, 4504 
fractures about, 4503 
treatment, 4505 
injuries at, 4503 
Ankylosis, of the jaw, 6129 
( see also under names of joints) 
Annandale’s operation for femoral hernia, 
3673 

Antc-partum haemorrhage, induction of 
labour in, 3843 
Antrostomy, 4756 
(see also Maxillary antrum) 

Antrum, see Maxillary antrum 
Anus, suppuration about the, see Peri- 
anal suppuration 
Anxiety neurosis, 5532 
Aortic aneurysm, 406G 
Apicectomy, 5201 
Arm, amputation through, 4294 
artificial, 4295 
Arsenical dermatitis, 5321 
Arsenical jaundice, 5321 
Arsenicals in treatment of syphilis, 5317 
Arterial embolism, see Embolism, arterial 
Arterial thrombosis, see Thrombosis, 
arterial 

Arteriectomy, 4020 
Arteriography, 4017 
cerebral, 4071, 6183 
in determining level of amputation for 
vascular gangrene, 4018 
in diagnosis of aneurysms, 4036 
in thrombo-angeitis obliterans, 4013 
Arteriosclerosis, see Arteritis, degenerative 
Arterio-venous anastomosis, 40G2, 4072 
Arterio-venous aneurysms, see Aneurysms, 
arterio-venous 

Arteriolar vasospasm, essential, sec 
Raynaud's disease 
Arteritis, degenerative, 4013 
ii'tjology, 4013 
clinical course, 4015 
diagnosis, 40 1G 
morbid anatomy, 4014 
treatment, 40 1G 

Artery and Arteries, anastomosis of, 4081 
coronary, 3939 (see afro Coronary 
disease) 

exposure and ligature of, 4085 
injuries of, 4007 
treatment, 4009 
internal mammary, 393S 


ligature of, 40S5 

arteries in upper part of popliteal 
space, 4091 
axillary, 4091 

bifurcation of the brachial artery 
and its branches, 4092 
brachial, 4002 
common carotid, 40S8 
external and interna! carotids, 40S9 
femoral, 4094 
general technique, 4087 
gluteal, 409G 
iliac, 4093 

lower part and bifurcation of 
popliteal artery, 4093 
sciatic, 409G 
subclavian, 4090 

tibial, posterior and anterior, 4093, 
4096 

surgical diseases of, 4007 
suture of, 4083 
vasospastic diseases of, 4021 
(see also under names of arteries) 
Arthritis, gonorrhcca!, see Gonorrhoeal 
arthritis 

of temporo-roandibuJar joint, 5J27 
rheumatoid, massage in, 53J3 
sympathectomy for, 4037 
traumatic, 4381 
(sec also Ostco-arthritis) 

Arthrodesis, 4302 
“ best position,” 4303 
cxtra-articular, 4301 
indications for, 4303 
intra-articular, 4301 
(see also under names of joints) 
Arthroplasty, 4303 
after-treatment, 4307 
technique, 4300 
(sec also under names of joints) 
Arthrotomy, 4301 
(see also under names of joints) 
Aryepiglottic folds, tumours of, 1906 
Aspiration of infective material under 
ami ■st lies ia, 3585 
Astragalcctomy, 43<G 
Astragalo-scaphoid arthrodeses 4319 
Astragalus, dislocation of, I.VH 
fracture of, 4308 
Atlas, fracture of, 4155 
AuchinlosV operation for elephantiasis, 
4214 
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Auditory meatus, external, 4600, 4613, 
4616 

examination of, 4603 
exostoses of, 4610 
foreign bodies in, 4611 
furuncle of, 4613 
treatment, 4614 
stenosis of, 4616 
surgical conditions of, 4610 
wax obstruction of, 4601, 4602 
Auditory nerve, 5509 
Auricle, affections of, 4609 
oto-hrematoma, 4609 
perichondritis of, 4609 
Axillary aneurysm, 4068 
Axillary artery, ligature of, 4091 
Axillary lymphatic glands, tuberculosis 
of, 4134 

Axillary vein, traumatic thrombophlebitis 
of, 4004 

Axis, fracture of, 4456 
Axis-traction forceps, 3866 


B 

Babcock’s operation of arterio-venous 
anastomosis, 40C2 
“ Backfire fracture,” 4440 
Bags, hydrostatic, for induction of labour, 
3351 

Baldwin’s operation, modification of, 4323 
Ballance and Duel’s operation for facial 
paralysis, 4G8G 

Bankart’s operation for recurrent dis- 
location of the shoulder, 4315, 
4317 

Barach'a Energy Index, 3583 
Barnett and Macfarlane, on haemostatic 
value of snake venom in haemo- 
philia, 3595 
Barrel bandage, 5161 
Bartholinitis, gonococcal, 5279 
Bassini’a operation for femoral hernia, 
3G79 

operation for inguinal hernia, 3651 
Bath, pyretic, 5345, 5346 
Beattie (D A.), on the use of tulle gras, 
3706 

Beck’s muscle-grafting operation for 
coronary disease, 3973, 3983, 
3986 


Bell’s palsy, 3745, 4686, 5506, 6507 
(see also Facial paralysis) 

Berger’s operation, 4296 
Bezold’s mastoiditis, 4629 
Biesenberger’s operation of mammaplasty, 
3792, 3793 

Birth injury, mtra-cranial, 5497 
Bismuth, in treatment of syphilis, 5318 
Bladder, carcinoma of, bone mctastascs 
in, 4376 

Blair’s skin-graft knife, 3710 
Blepharitis, 4523 

Blood, diseases of, in relation to surgery, 
3594 

effects of X-rays upon, 5382 
Bloodgood’s operation for inguinal hernia, 
3653 

rectus sheath flap applied to repair of 
femoral hernia, 3077 

Blood-pressure, in relation to operations 
and surgical risk, 3581, 3582 
Blood stream, destruction of cancerous 
emboli in, 4193 

dissemination of cancer by, 4192 
Blood-transfusion, continuous drip, 6415 
administration of the blood, 5418 
apparatus and technique, 5417 
bleeding donors, 5417 
collection of the blood, 5417 
definition and main principles, 5415 
difficulties and complications, 5421 
donors, 5416 
during operations, 54IG 
post-operative, 5417 
pre-operative, 5410 
selection of a vein, 5419 
surgical indications, 5416 
Bodily conformity, in relation to opera- 
tions and surgical risk, 3577 
Bone, benign giant-celled tumour of, 
4359, 4360 

cancerous deposits in, tee Metastatic 
tumours, belotc 
carcinoma of, 4375 
chondroma of, 4355 
Ewing’s tumour of, 4368 
diagnosis of, 4369 
treatment and prognosis of, 4371 
exostosis, 4352 
(see also Exostosis) 
fibroma of, 4358 
melanoma of, 4378 
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metastatic tumours of, 4193, 4373 
diagnosis of, 4378 

in relation to primary neoplasms, 
4375 

bladder, 4376 

breast, 4375 

colon and rectum, 4377 

kidney, 4376 

liver, 4377 

prostate, 4376 

respiratory tract, 4377 

stomach and intestine, 4377 

testis, 4377 

thyroid, 4376 

tongue and oesophagus, 4377 
uterus, 4377 
mode of origin, 4373 
site of election of hone metastases, 
4374 

treatment of, 4378 
myelomata of, 4359 
multiple, 43G2 
osteogenic sarcoma of, 4364 
diagnosis of, 4363 
dissemination of, 436-1 
pathology of, 43G7 
treatment and prognosis of, 4371 
osteoma of, 4352 
periosteal fibrosarcoma of, 4370 
treatment and prognosis of, 4371 
plasmocytoma of, 4363 
primary malignant tumours of, 43G1 
sarcoma of, 4364 

secondary deposits in, 4378 
treatment and prognosis of, 4370, 
43-1 

X-ray therapy m, 5398 
(see oho Ewing’s tumour ; Osteogenic 
sarcoma ; Periosteal fibrosar- 
coma) 

tumours of, 4332 
characteristics of, 4372 
metastatic, see Metastatic, a&ore 
primary, 4364 
simple, 4352 
( see also Fractures) 

Bone grafts, 3738 
after-treatment, 3744 
indications for, 3738 
splints employed, 3740 
taking the graft, 3741 
technique of bone graft operations, 3740 
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Bougies, induction of labour by, 3850 
Brachial artery, ligature of, 4092 
Bradycardia, operative treatment of, 3979 
Brain abscess, 4678, 1681 
(see also under Cerebral mid Intra- 
cranial) 

B raner's operation of precordial costo- 
chondrectomy, see Precordial 
costo-cliondrcctomy 
“ Brawny arm,” 4192 
Breast, cancer of, dissemination of, 4184 
epigastric invasion of the abdomen 
' in, 4179 

metastases in bone, 4375 
X-ray therapy of, 5396 
hypertrophy of, 3791 
(sec also Mammaplasty) 
plastic surgery of, sec Mammaplasty 
Bronchi, endoscopic anatomy of, 4833 
endoscopic appearances and procedures 
in diseases of, 4838 
neoplasms of, endoscopy in, 4840 
stenosis of, 4833 

(*cc also Bronchoscopy ; Endo«copy) 
Bronchiectasis, endoscopy in diagnosis 
and treatment of, 4838, 4839 
Bronchoscopes, 4808 
Bronchoscopy, 4831 
for foreign bodies, 4839 
technique of, 4836 
(see also Endoscopy) 

Buccal cavity, sec Mouth 
Buccal inlay, 3723 
Buccal mucosa, see Mouth 
Buerger’s disease, see Thrombo-angeitis 
oW.iJw.ons 

Buried skin grafts, 3734 
Burns, 5442 

ambrinc treatment of, 5 157 
asphyxiation complicating, 544S 
blood-transfusion in, 5458 
complications of, 5445 
death from, 5440 
debridement, 5450 
degrees of, 5442 

Dupuytren’s classification of, 5442 

effects of, 5443 

first-aid treatment of, 5447 

genera! treatment of, 5459 

in children, 5459 

in special areas, 5459 

local effects of, 5447 
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Bums, mercurocbrome treatment of, 5455 
of the eye, 5460 
of the face, 5459 
of the neck, 5460 

of the perineum and buttocks, 54C1 
of the trunk and thighs, 5161 
of the upper limb and shoulder, 54CO 
ointments for, 5153 
paraffin treatment of, 5456 
pathology of, 5443 
picric acid treatment of, 5436 
prognosis of, 5159 
scarring following, 5158 
sedatives preparatory to cleansing of, 
5449 

sepsis in, 5(15 
severe, 5457 
shock in, 5143, 5444 
treatment of, 5148 
skin-grafting after, 5458 
tannic acid treatment of, 5150 
application, 5451 
criticisms of, 5455 
difficulties of, 5154 
home treatment, 5453 
solution of the acid, 5451 
toxaemia, 5144 , 5445 
treatment of, 5147 
general measures, 5459 
mercurochrome, 5155 
o! bums several days old, 5457 
. of the burnt area, 5450 
paraffin and ambrine, 5450 
picnc acid, 5456 
tannic acid, 5450 
ulceration after, 5458 


C 

Caesarean section, 3901 
during labour, 3909 
extra-peritoneal, 3928 
general indications for, 3903 
indications for the various methods 
summary of, 3929 
indications in particular, 3904 
accidental hemorrhage (abrnptio 
placentas), 3907 
associated diseases, 3903 
contracted pelvis, 3904 
dystrophic dystocia, 3903 


eclampsia, 3907 
fcetal conditions, 3909 
placenta prsevia, 3906 
previous Caesarean section, 3909 
various obstructions, 3903 
Latzko's operation, 3928 
lower segment operation, 3920 
extraction of the child, 3921 
incision, 3923 
placenta, the, 3925 
suture of the wound, 3926 
technique of, 3920 
Porro's operation, 3928 
pulmonary embolism following, 3911 
repeated, 3909 

rupture of uterine scar following, 3910, 
3911 

sterilisation and, 3919 
summary of indications for the various 
methods, 3929 
technique of, 3914 

upper and lower segment operations, 
comparison of, 3910 
upper segment operation, 3914 
after-treatment, 3919 
ana-sthesia for, 3915 
complications of, 3919 
preparation of the patient and 
theatre, 3914 

suture of the uterine wall, 3917 
technique of, 3914, 3915 
uterine scar, 3910, 3912 
rupture of, 3910, 3911 
varieties of, 3901 
Caldwell-Luc operation, 4758 
after-treatment, 4701 
results of, 4761 

Cancer, dissemination of, 4172 
blood-vessels, local invasion of, 4193 
bone deposits, 4195 
by-pass lymphatic trunks, 4181 
by the blood stream, 4192 
cancer of the breast, 4179, 4184 
of the tongue, 4995 

distribution of the secondary deposits, 
4194 

embolic theory, 4191 
epigastric invasion of the abdomen in 
breast cancer, 4179 
fate of permeated lymphatics, 4177 
growths on the cheek, 4191 
initial obstacles to dissemination, 4173 
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invasion of tlic fascial lymphatic plexus 
in stomach cancer, 4179 
tnrarian of the vascular system, 4177 
lymphatic system in relation to, 4172 
lymph-gland cmltoli'm, 418.1 
lymphcedema in cancer, 1192 
melanotic sarcoma, dissemination of, 
4197 

metastatic tumours of bone, 4173 
(see also under Bone, metastatic 
tumours of) 

microscopic growing edge, 4179 
permeation, 4177 
around secondary’ deposit*, 4182 
mode of spread, 4181 
proliferation-pressure of canccr-ceffs, 
4176 

rectal cancer, 4192 

rotative share of the hiemic and 
lymphatic systems, 4192 
retrograde lymphatic cmliolism, 4183 
stomach cancer, 4188 
testicular growths, 1187 
tongue cancer, 4188 
tran«oo4omie implantation, 4195 
trunk -permeation, 4182 
(see also Carcinoma ; Sarcoma, etc ) 
Canfield’s operation, 4702 
Carcinoma, of epiglottis, 1852 
of larynx, 483 1 
of mandible, 5140 
of mouth and tongue, 4982 
of nose and paranasal sinuses, 4789 
of oesophagus, 5004 
Carden’s operation, 4283 
Cardin, surgical exposure of the, 5090 
(see also Cardiospasm) 

Cardiac arrest, surgical treatment of, 3988 
“ Cardiac deaths ” under amesthesia, 
3582 

Cardiac massage, 3988 
Cardiac nerves, function of, 3943 
operations on, 3974 

Cardiac rhythm, operations for disorders 
of, 3979 

Cardiac surgery, see Cardio-vascular sur- 
gery ; Heart, surgery of 
Cardiac tamponade, 3944, 3945, 3948 
Cardiolysis, 3904, 3960 
Cardioplasty, 5091 
Cardiospasm, 5071 
diagnosis of.^5072 
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Heller’s operation, 5090 
ersophago-gastrostomy for, 5091 
operative treatment of, 5074, 5090 
treatment of, 5073 

Cardio-vascular diseases, care of cardiac 
cases at operation, 3583 
in relation to operations and surgical 
risk, 3579 

Cardio-vascular surgery, 3933—1090 
aneurysms, 4019 
historical review of, 3933 
injuries and purgienl diseases of arteries, 
4007 

surgery of the heart, 3930 

(see also Heart, surgery of) 
surgery’ of veins, 3990 
suture and ligation of arteries, 40S3 
Caries, dental, see Dental caries 
Carotid aneurysm, 4007 
Carotid arteries, ligature of, 4088, 4089 
Carotid-cavernous aneurysms, 4079 
Carpal hones, fractures of, 4411 
| Cartilage grafts, 3750 
Cataract, 4539 
complicated, 4540 
congenital and infantile, 4539 
diabetic, 4510 
extraction of, 4580 
difficulties and complications of, 4582 
detachment of choroid, 4584 
intra-ocular haemorrhage, 4581 
lens fails to present, 4583 
loss of vitreous, 4583 
the patient, 4582 
post-operative iritis, 4585 
prolapse of iris, 4584 
needling or descission, 4585 
senile, 4540 
treatment of, 4540 

Catgut, as suture material in repair of 
hemi®, 3605 
Causalgia, 5523 
sympathetic surgery for, 4037 
Cavernous sinus thrombosis, 5491 
Cementomes, 5151 
Cerebellar abscess, 4681 
differential diagnosis from labyrinthitis, 
4683, 4684 

Cerebral abscess, 4681 
Cerebral aneurysm, congenital, 5481 
Cerebral angeiography, 5483 
Cerebral haemorrhage, 5479 
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CereHro-opinal fluid, Knbie’s forced 
drainage of, 4675 

Cervical glands, treatment of, in oral 
cancer, 5006 

tuberculosis of, see Lymphadenitis, 
tuberculous 

Cervicitis, gonococcal, 5286 
Chalazia, 4524 
Chancroid 5310 
Charcot’s joint , 5305 

Cheatle (Sir Lenthal), on inguinal hernia, 
3664 

C best, diseases of, in relation to operations 
and surgical risk, 3584 
Chin, double, treatment of, 3825 
Chondrectomy, precordial costo*, sec 
Precordial costo-chondrectomy 
Chondroma, 4355 
multiple, 4355, 4357 
of mandible, 5137 
of mouth and tongue, 5016 
of nose, 4789 
ossifying, 4352 
single, of long bones, 4357 
of pelus or thorax, 4358 
treatment of, 4357 

thopart's mid-tarsal amputation, 4279 
Choroid, 4541 

congenital anomalies of, 4511 
inflammation of, see Choroiditis 
injuries of, 4555 
melanoma of, 4543 
new growths, 4543 
sarcoma of, 4513 
Choroiditis, 45J1 
cetiology of, 4512 
signs of, 4543 
symptoms of, 4542 
types of, 454 1 
" Chronic abdomen,” 5532 
Chylothorax, 4101 
causes of, 4101 
prognosis of, 4103 
traumatic, 4102 
treatment of, 4101 
Chylous ascites, 4101 
treatment of, 4105 

venous peritoneal anastomosis in, 
4106 

Ciliary body, congenital anomalies of, 
4535 

Cirsoid aneury «ms, 4081 


Cisternal puncture, 5475 
Citelli’s abscess, 4630 
Clairmont’s operation for recurrent dis 
location of the shoulder, 4315, 
4317 

Clavicle, fractures of, 44 Of 
complications of, 4406 
greenstick, 4405 
interligamentous, 4106 
of the shaft, 4405 
prognosis of, 440G 
Sayre’s method of fixation, 4405 
treatment of, 4405 

(see also Acromio-clavicular joint ; 
Sterno-clavicular joint) 

Cleft lip and palate, 3800 
alveolar clefts, 381 1 
anresthesia, 3817 
classification of, 3S0O 
gag, 3817 

general considerations, 3816 
illumination, 3817 
instruments, 3817 

intra-buccal skin-grafting in cases of, 
3724, 3725 

objects of operative treatment, 3801 
post-alveolar clefts, 3806 
operation for, 3807 
pre-alveolar clefts, 3802 
secondary corrective operations, 3820 
team work, 3817 
theatre lay-out, 3317 
treatment, summary of, 3819 
when to operate, 3816 
Cleidotomy, 3894 
“ Clicking jaw,” 4208 
Cocaine, use of, in intra-nasal operations, 
4695 

Coccyx, fracture of, 4456 
Coelst method of fixation in skin-grafting, 
3729, 3730 
Colies’ fracture, 4435 
after-treatment of, 4439 
complications of, 4440 
diagnosis of, 4436 
fixation, 4438 

technique of reduction, 4436 
X-ray examination in, 4436 
CoIIes’ Law, 5314 

Colpo-perineorrhaphy, primary, 3896 
after-treatment of, 3899 
anus and rectum, 3893 
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perineum, 3897 
repair of the vagina, 3897 
Colt’s apparatus for treatment of 
aneurysm, 1039 
Coma, 05*27 
causes of, 5528 
differential diagnosis of, 55*28 
Complement fixation test in gonorrhoea, 
5218 

Condyles, of femur, fracture of, 4186 
of tibia, fracture of, 1192 
Conjunctiva, 4520 
formation of flaps, 1574 
inflammation, see Conjunctivitis 
injuries of, 4526 
new growths ami cysts of, 1530 
operations on, 1574 
Conjunctivitis, 452" 
angular, 1527 
chronic catarrhal, 1527 
corneal ulceration secondary to, 453*2 
follicular, 4530 
gonococcal, 5236 
interstitial, 4529 
membranous, 1528 
muco-punilcnt, 4527 
purulent, 4527 
simple catarrhal, 4527 
Spring catarrh, 1530 
superficial, 4527 
trachoma, 4529 
tuberculous, 1530 

Continuous drip Mood-tranfimon, see 
Blood-transfusion 

Contracted pelvis, nee Pelvis, contracted 
Contracture, see Volkmann’s ischiemic 
contracture 
Cornea, 4531 

anomalies of development, 4531 
application of cautery to, 4576 
conical, operation for, 1577 
degeneration of, 4531 
dendritic ulcer of, 4533 
epithelial ulcers of, 4533 
examination of, 4520 
grafting, 4577 
Guthne’s section of, 4576 
inflammation, see Keratitis 
injuries of, 4553 
new growths of, 4535 
operations on, 4576 
paracentesis, 4576 


phlyctenular disease of, 4532 
serpiginous ulcer of, 4532 
ulcers of, 4531, 1532 
Corneal grafting, 4577 
Coronary arteries, 3939 
1 Coronary circulation, 3938 
i physiology of, 3910 
I Coronary disease, alcohol injection of 
upper thoracic ganglia and rami 
in, 3977 

Beck's muscle-grafting operation in, 
3973, 3983, 3986 
no vocai nc stellate block tn, 3977 
objects ami principles of surgical 
treatment of, 3972 

operations on the cardiac nerves in, 3974 
paravertebral alcohol injections in, 3978 
pathology and course of, 3971 
imst-panphotuc ramwetomr in, 3'>77 
revascularization of the heart by 
operation in, 39S3 
stcllcctomy in, 3977 
■ surgical treatment of, 3970 
sympathectomy for, 3976 
thyroidectomy for, 3973, 3979 
Coronary vessels, 3938 
i Coronoul process, fracture of, 4131 
1 Coutnrd method of X-ray therapy, 5389 
I Cowper's ducts and glands, gonorrhoeal 
inflammation of, 5251 
J Cranial nerves, 5500 
eighth (auditory), 5309 
eleventh (spinal accessor)*), 5514 
fifth (trigeminal), 5301 
fourth, 5500 

ninth (glo^o-pliaryngeal), 5511 
oculomotor, 5500 
olfactory, 5500 
optic, 5500 
seventh (facial), 5506 
sixth, 5500 
tenth (vagus), 5512 
twelfth (hypoglossal), 5514 
Cranioclasm, 3S90 
Cramoclasts, 388S 
Craniotomy, 3885 
extraction of the fetus, 3888 
use of cranioclast as a tractor, 3889 
indications for, 3885 
perforation of the skull, 3885, 3886 
Crucial ligaments, reconstruction of, 4339, 
4340 
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Crural canal, 3667 
Cystic hygromata, 4112 
Cystitis, gonococcal, 5255 
Cysts, dental, 5148 
dermoid, see Deimoid cysts 
dentigerous, 5149 
eruption, 5148, 5172 
Meibomian, 4524 
of mouth and tongue, 5019 
multilocular, 5147 
of oesophagus, 5062 
thyroglossal, 5020 
of the tonsd, 4948 


D 

Dacryo-adenitis, acute, 1526 
Dacryo-cystitis, 4532 
Dacryo-cystorhmostomy, 4573 
Deafness, partial and total, 4606 
{see also Hearing} 

Decapitation of the foetus, 3891 
Deep X-ray therapy, see X-ray therapy 
Delirium and excitement, 5529 
Dendritic ulcer, 4533 
Denver's operation, 4761 
Dental caries, 5196 

ffitiology and predisposing effects of un- 
cleanliness in the mouth, 5196 
and odontalgia, 5198 
apicectomy in, 5201 
chronic apical abscess and granuloma, 
treatment of, 5201 
emergency treatment of, 5198 
mouth breathing and, 5197 
pulpitis and dento- alveolar abscess, 
5199 

Dental cyst, 5148 

Dental sepsis, in relation to general 
surgery, 6222 

(see also Dental caries; Gingivitis; 
Paradontosis ; Periodontitis ; 
Teeth) 

Dental supporting tissues, diseases of, 
5209 

Dentigerous cyst, 5149 
Dentition, 5171 
deciduous, 5171 
cysts of eruption, 5148, 5172 
disorders associated with, 5171 
lancing the gum, 6172 


partial eruption with impaction and 
subsequent burying of a decid- 
uous molar, 5172 

shedding of the deciduous teeth, 5173 
permanent, 5173 
anomalies in number, 5174 
mal-eruption and impaction, 5174 
supernumerary teeth, 5174 
(see also Teeth) 

Dento-alveolar abscess, 5199 
acute, treatment of, 5200 
Dermal transplant, in repair of hernia?, 
3G09 

in repair of incisional hernia?, 3694 
Dermatitis, arsenical, 5321 
X-ray, see X-ray dermatitis 
Dermoid cyst, of mouth and tongue, 
5020 

Diabetes mellitus, in relation to operations 
and surgical risk, 3590 
surgical aspects of, 3590 
Diabetic cataract, 4540 
Diabetic gangrene, 5434 
Diaphragm, 5099 
anatomy of, 6099 
applied physiology of, 5102 . 

congenital defects of, 5103 
lymphatics of, 5101 
nerve supply, 5101 
new growths of, 5116 
radiological examination of, 5103 
resection of, technique of, 5117 
rupture of, 5104 
surgery of, 5099 
history of, 5099 
vascular supply, 5101 
wounds of, 5101 
treatment of, 5106 
Diaphragmatic hernia, 5108 
classification, 5108 
congenital, 5109 
diagnosis of, 5110 
eventratio diaphragmatica, 5116 
hernia foraminis Bochdalecbi, 5111 
hernia stemalis, 6111 
hiatus hernia, 5111 
operative treatment of, 5113 
results of, 5116 

radical operation for, technique of, 
5114 

strangulated, 6115 
Diaphysial aclasis, 4355 



INDEX 


Diathermy, 5357 
excision in oral cancer, 5003 
in gonococcal infections, 5269 
in malignant disease of maxillary 
antrum, 4795, 4798 
in tonsillectomy, 4962 
of tumours of oro -pharynx, 4851 

Diphtheria, 4915 

laryngeal and tracheal, endoscopy in, 
4839 

Diplegia, congenital, 5524 

Disarticulation, 4266 
at elbow joint, 4293 
at hip joint, 4286 
at shoulder joint, 4295 
at wrist joint, 4291 

“ Dish-face ” deformity, plastic treat- 
ment of, 3723 

Dislocation, in cervical region, 4454 
of the phalanges, 4446 
of shoulder, recurrent, 4314 
of spine, 4454 

{see also Fractures ; Fracture-disloca- 
tions) 

Disproportion, obstetric, see Pelvis, con- 
tracted 

Dott, on umbilical hernia, 3683 

Drop foot, Lambrinudi's operation for, 
4348, 4349 

Drug addiction, in relation to operations 
and surgical risk, 3578 

Duel and Balance's operation for facial 
paralysis, 4G8G 

Dunn’s triple arthrodesis of the foot, 
4347 

Dupuytren’s fracture, 4507 

Duval Barasty method of approach to the 
heart, 3950 

Dystocia, dystrophic, 3908 
E 

Ear, 4599 

cerumen in, 4601, 4602 
estimation of the high and low tone 
limits, 4608 
examination of, 4599 
case history, 4599 

examination of the meatus and 
membrane, 4603 
general inspection, 4599 
otoscopy, 4600 
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removal of cerumen, debris and pus, 
4601 

syringing, 4601 
external, 4599, 4600 
{see also Auditory meatus) 
foreign bodies in, 4611 
herpes oticus, 4619 

middle, acute surgical conditions of, 4617 
disease of, and adenoids, 4941 
(see also Otitis media) 
pain referred to, 4605 
syringing of, 4601, 4602 
Eclampsia, Caesarean section in, 3907 
Ectropion, 4524 
cicatricial, 4567 

Kuhnt-Szymanowski operation, 4568 
operation for, 4567 
senile, 4567 

treatment of, by skin-grafting, 3721 
Edwards’ (Tudor) radon seed container, 
4812 

Effleuragc, 5338 
Elbow joint, 4318 
arthroplasty, 4320 
technique of, 4321 
arthrotomy, 4318 
disarticulation at, 4293 
excision of, 4319 

injuries in neighbourhood of, 4425 
prognosis of, 4431 
loose bodies in, 4318 
Electrical diagnosis, 5354 
Electrology, medical, 5353 
high frequency currents, 5357 
low tension currents, 5356 
muscle stimulation, 5354 
reactions of degeneration, 5354 
short or ultra-short wave therapy, 5358 
Elephantiasis, 4200 
bacterial, 4202 
classification of, 4200 
congenital, 4200 
pathology of, 4204 
filarial, 4201 

clinical features of, 4207, 4209 
pathology of, 4205 
relative frequency of parts attacked, 
4208 

treatment of, 4210 
granulomatous, 4201 
infective, 4201 
leprotic, 4201 
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Elephant ism*, lymph *ta*i« ami. I2f*2 
malignant, 12»r2 
no*tra*, l^**, 4—1 1 
of tin* scrotum, operation for, <215 
operative treatment of. 1212 
Auchmlos*' operation l.'ll 
(idlitV ami Frav-rV operation, IJll 
Kordoli-on * operation. 121*2 
pti y*m|o/i« al n>n*nlt*nition< 12H5 
*pit"ch' tal, 4—1*1 

toxk 12<r2 

traumatic. 1 a » 
treatment. 12H* 

f.Malvp.1*. ISIM 
Rprfrsl health, 1‘2U 
local mM‘U!r«, 1211 
vaccine* ami protein rill'd'. 1211 
taherrubr, 42<»l 
Kmlxilfftnpiv. (nil 
technique of. lull* 

Knilxdi'Tn. 1012 
arterial. 1012 

arteriography in l<«-alisati<m «!. Inl7 
a* (etiological factor in Bftnw ami 
fran*rrn«* 4t»l*2 l‘H3. imr» 
clinical feature* of. |D15 
diagnosis of. 1015 
localisation of, lol* 
pitlologv of. 101*2 
treatment »>f. 4016 
arteriectomv I'Oi 
rmUiWtiitiir. inly 

complicating injection treatment t»f 
vane-ire 'em*. 5‘W 
complicating thn , mUiphl<*!nn«, im* 
lymph jilaml, 1155 
pulmonary. *rr Pulmonary rmf«>h«nt 
secondary or propagating thromUen 
following, fill) 

(arc o/io Thrum l*v*t<) 

EmhittAwny. 8r®t 
cleidotomy, 3>?1 
decapitation. 3591 
evisceration, 559 1 

Endartmti*. ire Arteritis, degenerative 
Endo-aneury<morrhuphy. -tt>0) 
technique of. 1061 

Enducrire ilNinlrri. in relation to 
surgery, 3391 

Endocrine methods in induction of labour, 
353*2 

EndophleldtK 3999, 1000 


Knd.wpjc rr.et!.n>!« in rurgerr, ire 
Kmlo*ieo|ir 
Endoscopy. 1 V<| T 
for foreign l»«lie*, l s 3'* 
history of, l*^iT 
in «1~ces« of the lung. 1*^3' 
in bronchiectasis. l^sM, 1*59 
in nmcriiiu! abnormalities of th* 
larrnt, trachea aid bronchi, 
IW 

in laryngeal ard tracheal diphtheria, 
I5.r* 

in s‘enosj« of the trarhea and brcncli. 
IS55 

instruments (o», l^i* 
of the air-passages, 1*51 
anvsthesu. 

contra irdicatn . r». <*C52 
en*I«»sco|*»r anatomy of the trachea 
ard lipincU, 1*55 

forr'gn Isslics, fs 3'.* 
ind'cations. I*\32 
prejnratK'n of the palient. 1S52 
technique. 15.51 
tnmour*. 1*10 
u*e of radium in. 1**!*2 
Endotheliona. i f rvardible, 51 f<» 
of nose *rvl juranasal sinuses, 

Enteritis, radiogenic, 55*5 
Entropion, 1321 
cnatncul, 1 W, 

H«*t* Anagno.Jalis operation f»r, IVW 
operation f„ r , 1366 
»pv«m«d»e, 1766 

Epirondy les of humerus, fracture of. 

U’l.U'23 

Epididymitis, gonorrh'ral, 5235 
Epiglottis, tumours of. 4*52, V."0 (m* 
Onvphanni) 

Ep 1 laryngeal tumour*. Vd *6 
Epilepsy, .lach »oman, .319* 

Epiphora, 1321 

Epiphrenal diverticulum, 5111 
Epiphyses, injury to. 1351, 1352 
separation of femoral, 1173. 4156 
of lower radial. Up) 
of lower tihial, 13<\* 

| Kpi'iotomv. 3*79, 3*S1 

Epi'tasi*, 1715 
diagnosis of, 1715 
| prognosis of, 1716 
| treatment of. 1716 
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Epithelioma, of epiglottis, 4 £06 
of pharynx and larynx, 4843 
Epulis, 5017 
fibrous, 4358 
Erythrocyanosis, 4035 
Erythrocyanosis crurum puellarum frigi- 
dum, 4035 

Esmarch’s operation, 5131 
Essential arteriolar vasospasm, see Ray- 
naud’s disease 

Essential thrombophilia, 4011 
Ethmoid, malignant growths of, 4790 
operative treatment of, 4791 
radium and X-rays in therapy of, 4792 
Ethmoidal cells, affections of, 4743 
external operations on, 4768 
intra-nasal operations on, 4765 
Ethmoidal labyrinth, affections of, 4746 
operations on, 4763 
Eventratio diaphragmatica, 5101, 5116 
Evisceration of the feetus, 3894 
Ewing’s tumour, 4368 
diagnosis of, 4368 
treatment and prognosis of, 4371 
Exomphalos, 3684 
treatment of, 3685 
{see also Hernia, umbilical) 

Exostoses, 4352 
ivory, 4352 
multiple, 4355 
subungual, 4354 
Extra-dural abscess, 4078 
Extremity, lower, amputations of, 4277 
upper, amputations of, 4288 
fractures of, 4404 
(we also Amputations ; Fractures) 
Exudate, massage in removal of, 5341 
Eye, 4519 

examination of, 4519 
excision of, 4592 
Frost-Lang operation, 4593 
Mules* operation, 4591 
exenteration of, 4591 
foreign bodies in, 4556 
inflammation of, see Ophthalmitis ; 

Panophthalmitis 
injuries of, 4553 
conjunctiva, 4526 
cornea, 4533 
eyelids, 4553 
globe, 4551 
perforating, 4555 
%oi_ in. — 3 r* 


with retention of foreign body, 4556 
without retention of foreign body, 
4535 

muscles, paralysis of, 5501 
operations on, 4519, 45G5 
(sec also Ophthalmic operations) 
surgery of the, 4519, 45G3 
sympathetic disease of, 4537 
(see also under Optic) 

Eyelid pouches, operative treatment of, 
3826 

Eyelid wrinkles, operative treatment of, 
3825, 3826 
Eyelids, 4522 

anomalies of development, 4522 

cysts of, 4524 

diseases of, 4522 

infections of, 4523 

injuries of, 4553 

new growths of, 4524 

operations on, 4566 

{see also Ectropion ; Entropion . Svm- 
blepharon , Tarsorraphy) 


F 

Face, sec Flastic surgery ; Skin grafts 
Face-lifting procedures, 3821 
Facial nerve, 5506 
paralysis of, 5500, 5507 
Facial paralysis, fascia lata sling opera- 
tion for, 3745 

operative treatment of, 3745, 4GSG 
Fascia lata grafts, 3745 
attachment of muscle slips to, 3748 
in treatment of facial paralysis, 3745 
use of ox-fascia, 3718 
Fascial lymphatic plexus, 4172 
efferents of, 4173 

invasion of, in stomach cancer, 4179 
Fascial sutures, in repair of hernia;, 3G06, 
3610, 3077 

Fasciatome, Small's, 3G07 
Fat embolism, as complication of frac* 
tures, 4386 
Fat grafts, 373G 

Faulkner (Ro»s) operation on the ethmoi- 
dal labyrinth, 4765 
Femoral aneurysm, -1O00 
Femoral artery, ligature of, 4091 
Femora! hernia, see Hernia, femoral 
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Femoral thrombophlebitis, 4004 
Femur, basal fractures of, 4474 
condyles of, fracture of, 4486 
epiphyses, separation of, 4486 
fractures of, 44CO 

head of, treatment of non-union in 
fractures of, 4474 

inter- or pre-trochanteric fractures of, 
4460 

neck of, fractures of, 4460 
age incidence and choice of t rea tment , 
4463 

bifurcation operation, 4475 
“ blind ” operation (Sven Johansson), 

4168 

fixation by Smith-Petersen pin, 4464 
non-union, treatment of, 4474 
open operation (modified Smith- 
Petersen), 4465 
treatment of, 4464 
X-ray examination in, 4461 
pre-trochanteric fractures of, 4474 
shaft of, fractures of, 4477 
indications for operation, 4485 
middle and lower thirds, 4477, 4478 
treatment of, st different ages, 4480 
upper third, fractures of, 4477 
supracondylar fractures of, 4485 
upper end, fractures of, 4460 
age incidence and choice of treatment 
of, 4463 

tra ns -cervical, 4462 
treatment of, 4464 

by methods other than operation, 
4470 

simple traction, 4473 
Whitman’s abduction treatment, 
4472 

varieties of, 4460 

upper epiphysis, separation of, 4475 
Ferguson’s operation for inguinal hernia, 
3656 

Ferris-Smith’s operation upon the para- 
nasal sinuses, 4778 
Fibroma, of bone, 4358 
of mandible, 5137 
of mouth and tongue, 5017 
naso-pharyngeal, 4799 
of the nose, 4789 
of oesophagus, 5063 
Fibrosarcoma, periosteal, 4370 
treatment and prognosis of, 4371 


Fibrositis, massage in, 5343 
Fibrous epulis, 4358 
Fibula, fractures of, 4503 
Filar ia bancrofti, 4205 
Fingers, amputation of, 4288 
Flaps, see Skin flaps 
Flexion creases on the trunk, 3613 
Fluid loss, and shock, 5407 
Foetal head, circumference of, 3840 
Fcetus, destructive operations on the, 
3885 

cleidotomy, 3894 
cranioclasm, 3890 
craniotomy, 3885 
decapitation, 3891 
embryotomy, 3891 
evisceration, 3894 
Fcetus, post-maturity of, 3844 
threatened death of, 3844 
Foot, amputations through, 4279 
arthrodesis of, 4346 
astragalo-scaphoid, 4349 
drop foot operation (Lambrinudi), 
4348, 4349 

triple (Dunn’s operation), 4347 
joints of, operations on, 4346 
Foot and ankle, injuries of, 4503 
(»ee also Fractures) 

Foot drop, Lambrinudi’s operation tor, 
4348, 4349 

Forceps, obstetric, 3866 
axis-traction, 38C6 
construction of, 3867 
contra-indications to use of, 3872 
indications for use of, 3867 

delay before full dilatation of the os, 
3870 

delay due to contracted pelvis, 3869 
labour with the occiput posterior, 
3868 

uterine inertia, 3867 
Kielknd’s forceps, 3867, 3880 
method of application of, 3882 
long straight forceps, 3866 
methods of applying, 3875 
in face presentation, 3880 
in occipito-posterior presentations, 
3880 

introduction of the left (or lower) 
blade, 3877 

introduction of the right (or upper) 
blade, 3878 
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management o£ the after-coming 
head, 3880 
traction, 3878 
short straight forceps, 3806 
varieties of, 3866 

Forearm, amputation through, 4292 
Forehead flap, raising of, in rhinoplasty, 
3765 

Forehead wrinkles, operative treatment 
of, 3827 

Foreign bodies, in air and food passages, 
4839 

in the car, 461] 
in the eye, 4556 
in the nose, 4717 
in the oesophagus, 4822, 5050 
Forequarter (interscapulo-thoracic) am- 
putation, 4296 
Fournier’s syndrome, 5028 
Fracture and Fractures, 4380 
about the ankle joint, 4503 
anesthesia in reduction of, 4391 
“ backfire,” 4440 
causation of, 4380 
Colies’, 4435 
complications of, 4380 
general, 4385 
local, 4380 

peculiar to special fractures, 4386 
compound or open, 4380 
delayed union and non-union, 4399 
differential diagnosis of, 4389 
Dupuytren’s, 4504, 4507 
fixation in, 4394 
healing of, 4390 
“ march ” fracture, 4514 
non-union in, 4399 
of acetabulum, 4458 
of acromion process, 4407 
of astragalus, 4503 
of atlas, 4455 
of axis, 4456 
of carpal bones, 4411 
of clavicle, 4401 
of coccyx, 4456 
of coronoid process, 4431 
of epicondyles of humerus, 4421, 4423 
of femur, 4460 
of fibula, 4503 
of glenoid, 4408 
of ilium, 4457 

of lower end of humerus, 4418 


of lower end of radius, 4435 

of mandible, 5155 

of metacarpal bones, 4444 

of metatarsal bones, 4514 

of neck of femur, 4460 

of neck of humerus, 4408 

of nose, 4700 

of olecranon process, 4430 

of os calcis, 4509 

of patella, 4487 

of pelvis, 4456 

of phalanges, 4447, 4516 

of pubis, 4457 

of radius and ulna, 4425 

of ribs, 4447 

of scaphoid, 4441 

of scapula, 4407 

of semilunar bone, 4442 

of shaft of femur, 4477 

of shaft of humerus, 4415 

of shaft of radius, 4433 

of shafts of radius and ulna, 4434 

of shaft of tibia, 4494 

of Bhaft of ulna, 4432 

of spine, 4448 

of spine of tibia, 44 89 

of sternum, 4448 

of tarsus, 4513 

of tibia, 4489 

of tooth, 5195 

of ulna, 4432 

of ulna and radius, 4425, 4430 

of upper end of femur, 4460 

of upper extremity, 4404 

open operation in, 4397 

organisation of fracture clinics, 4401 

Pott’s, 4503 

prognosis in, 4390 

radiological findings in, 4388 

reduction of, 4393 

restoration of function after, 4398 

signs and symptoms of, 4387 

skeletal traction in, 4395 

Smith’s, 4440 

splintage in, 4394 

sub-capital, non-operative treatment of, 
4470 

supracondylar, 4419 
of femur, 4485 
treatment of, 4391 
ansesthesia in, 4391 
fixation, 4394 
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Fracture and Fractures, treatment of, 
genera! principles of, 4391 
open operation, 4397 
reduction, 4393 
skeletal traction, 4395 
splintage, 4391 

Fracture clinic organisation, 4401 
Fracture-dislocations, in cervical region, 
4451 

in tar^o-metatarsal area, 4513 
of ankle joint, 4504 
of shoulder, 4413 

Fraser and Gillies’ operation for elephan- 
tiasis, 4214 
Frenectomy, 5207 
Frcnoplasty, 320" 

Friction, in manage, 5339 
Frontal sinus, see Sinus, frontal 
Frost-Lang operation for excision of the 
eye, 4393 

Fry’s elastic support for fractured mand- 
ible, 51G2 

Furunculosis o! the auditory meatus, 4613 


G 

Gall-bladder, diseases of, in relation to 
operations and surgical risk, 3589 
Gallie’g connective tissue transplants, 
3C06 

method of fascial suture, 3644 
in repair of incisional hernia, 3693 
needle for, 3 COT 

on recurrence after operation for hernia, 
3052, 3653 

operation for inguinal hernia, 3647 
Ganglionectomy, see Raynaud's disease ; 

Ihrombo-angeitis obliterans 
Gangrene, 5426 

amputation in, 5433, 5434, 5437 
arteriosclerotic, 4045, 40 f 6 
causes of, 5427 
clinical types of, 542G 
diabetic, 5434 
dry, 5426 
course of, 5431 

due to combined constitutional and 
local factors, 5431 
due to constitutional causes, 5427 
prophylactic treatment of, 5432 
treatment of, 5432, 5433 


due to local causes, 5427 
amputation for, 5437 
prophylactic measures, 5435 
treatment of, 5435 

embolism as mtiological factor in, 
4012, 4013, 4015 
infective, 5427 
local causes of, 5428 
necrosis and, 5426 

post-operative of the skin, chronic 
progressive, 5437 
aetiology of, 5438 
bacteriology of, 5439 
clinical picture, 5439 
differential diagnosis of, 5439 
pathology of, 5-139 
treatment of, 5410 
senile, 5434 

signs and symptoms of, 5129 
established gangrene, 6430 
impending gangrene, 5429 1 ■* 
viability, 5430 
traumatic, 5427 
treatment of, 5432 
net, 5426 
course of, 5432 

Gastric surgery, medical considerations in, 
3593 

Gastro-intestinal tract, effects of X-rays 
upon, 5385 

Gaucher’s disease, splenectomy f°r» 
3590 

Genito-urinary system, effects of X-rays 
upon, 5386 

Gillies’ and Fraser’s operation for elephan- 
tiasis, 4214 

Gingivectomy, 5221 

Gingivitis, 5210 

fuso-spirillary (Vincent) or ulcerative, 
5212 

diagnosis of, 5212 
signs and symptoms of, 5212 
treatment of, 5213 
primary non-specific, 5211 
primary specific, 5212 
secondary non-specific, 5214 

Gingivoplasty, 5222 

Girard's operation for inguinal hernia, 
3651 

Glandular fever, 4227 
diagnosis of, 42CO 
treatment of, 4232 
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Glaucoma, 4549 
acute, 4550 

symptoms and signs of, 4550 
treatment of, 4551 
chronic, 4551 

symptoms and signs of, 4551 
treatment of, 4552 
congestive, iridectomy for, 4578 
infantile, 4552 

von Mende’s operation for, 4588 
operations for, 4586 
primary, 4549 

sclero-corneal trephining for, 4586 
difficulties and complications of, 4588 
secondary, 4553 
Gleet, chronic, 5244 
(see also Gonorrhoea, chronic) 

Glenoid, fracture of, 4408 
Glioma, of retina, 4545 
Glosso-pharyngeal nerve, 5511 
Glosso-pharyngeal neuralgia, 5512 
Gluck’s operation of hemilaryngectomy, 
4878 

operation of laryngectomy, 4897 
Glukokinesis, 5340 
Gluteal artery, ligature of, 409G 
Gonococcal bursitis, 5264 
conjunctivitis, 5250 
cystitis, 5255 
iritis, 5204 
myositis, 5204 
septicaemia, 5259 
urethritis, in the female, 52S0 
Gonorrhoea, 5227 
aborted acute, 5232 

irrigation treatment of, 5233 
Urine tests in, 5232 

acute anterior, with complications, 5234 
treatment of complications, 5236 
acute anterior and posterior infection 
(mild), 5211 

acute anterior and posterior infection 
(severe), with complications, 
5241 

anatomical considerations, 5227 
anterior complications in, 5236 
anterior irrigation (of Janet), 5231 
antiseptics in, 5207 
artificial fever therapy in, 5230 
blood -stream dissemination of, 5258 
chronic, 5214 
criterion of cure in, 5247 


examination, 5244 
instillations in, 5245 
results of treatment of, 5246 
semen examination, 5248 
treatment of, 5245 
types of, 5244 
clinical types of, 5230 
complement fixation test in, 5248 
complications of, 5250 
cure, criterion of, 5247 
diathermy in, 6269 
drugs in treatment of, 5230 
examination in, 5228 
hyperpyrexia in treatment of, 5230, 5242 
m the female, 5271 
anatomical considerations, 5271 
Bartholinitis, 5279 
cervicitis, 5286 
prognosis of, 5291 
treatment of, 5289, 5290 
general diagnosis of, 5273 
technique of examination in, 5273 
treatment of, 5276 
urethritis, acute, 5280 
• chronic, 5283 
complications of, 5284 
urethroscopy in, 5285 
vaginitis, 5277 
vulvitis, 6276 
in female children, 5293 
incompletely aborted acute, 5233 
inflamed Littre’s glands and lacuna 
magna, 5238 
irrigation in, 5231, 5232 
latent posterior gonococcal infection, 
5210 

local extension of, 5250 
main lines of treatment of, 5230 
mechanical transference to other mucous 
membranes, 5256 
old hard stricture in, 5239 
para-urethral follicles, 5239 
peri-urethral infiltration and abscesses, 
5236 

posterior irrigation in, 5232 
prostate and seminal vesicle*, examina- 
tion of, 5239 

prostatic massage, technique of, 5240 
semen examination, 5218 
skin conditions associated with, 5*201 
soft infiltration in, 5238 
specifieand non-specificremcdi«ia,5>GS 
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Gonorrhoea, treatment of, 5227, 5230 
antiseptics, 5267 
diathermy, 5269 
drags, 5230 

general directions, 5230 
hyperpyrexia, 5230, 5242 
irrigation, 5231, 5232 
specific and non-specific remedies, 
5263 

vaccines, 5268 
urethroscopy in, 5234 
vaccines in treatment of, 5268 
Gonorrhoeal adenitis, 5250 
arthritis, 5259 
acute, 5260 

differential diagnosis of, 5261 
prognosis of, 5262 
sub-acute and chronic, 5260 
symptoms and diagnosis of, 5261 
treatment of, 5262 
Bartholinitis, 5279 
cervicitis, 52SG 
epididymitis, 5253 
lymphangitis, 5250 
proctitis, 5252, 5257 
vaginitis, 5277 
vulvitis, 5276 
vulro- vaginitis, 5293 
Gordon’s biological test in lympho- 
granuloma, 4224 
Gradenigo’s syndrome, 5503 
Grafts, see Bone, Cartilage, Fascia lata. 
Fat, and Skin grafts 
Greeve’s operation for ptosis, 4569 
Gumma, of mucous membrane, 5303 
of periosteum and bone, 6304 
of the skin, 5303 
of testicle, 5311 
of tonsil, 5311 

Gummatous osteitis of the skull, 5315, 5316 
Gums, diseases of the, 5209 
lancing the, 5172 
(see also Gingivitis) 

Guthrie’s section of the cornea, 4576 


H 

Hemophilia, 3595, 5423 
pathology of, 5423 

snake venom in treatment of, 5423, 
5424 


suturing in, 5424 
treatment of, 5423 

Hemorrhage, ante-pa rtum, Ciesarean sec- 
tion in, 3907 

induction of labour in, 38-13 
Haemorrhage, intra-cranial, 5479 
spontaneous subarachnoid, 5481 
Hemostasis, see Arteries, ligature and 
suture of ; Haemophilia ; Snake 
venom 

Hairy skin grafts, 3732 
Hallux, amputation of, 4278 
Halsted’a operation for inguinal hernia, 
3643, 3653 
technique of, 3655 
Hamilton’s strap, 5162 
Hamular process, fracture of, 3807 
Hand, artificial, 4295 
Handley’s (Sampson) “ dam and stay- 
lace ” method for repair of 
inguinal hernia, 3644 
Hare lip, see Cleft lip and palate 
Harmer’s operation, 4775, 4795 
Hantant’s method in hemilaryngectomy, 
4878 

Hearing, examination of, 4606 
Riane test, 4607 
Schwabach test, 4G0S 
Weber test, 4607 
Heart, 3933 

Beck’s muscle-grafting operation, 3973, 
3933, 39S6 

coronary vessels, 3938 
(see also Coronary disease) 
function of the cardiac nerves, 3913 
hydatid cysts, of, 3983 
innervation of, 3941 . 

(see also Cardiac nerves) 
massage of, 3988 

physiology of the coronary circulation, 
3940 

position and relations of, 3936 
revascularisation of, by operation, 39S3 
surgery of, 3936 
history of, 3935 

surgical anatomv and physiology of, 
3936 

surgical provision of collateral circula- 
tion to, 3983 
sutnre of the, 3951 
tumours of, 3988 
valvular lesions, surgery of, 3967 
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wounds of, 3946 
after-treatment of, 3956 
diagnosis of, 3947 
heart suture for, 3954 
history of surgery of, 3946 
morbid anatomy and causation of, 
3946 

prognosis of, 3949 
surgical approach, 3949 
choice of approach, 3953 
parasternal route, 3951 
bilateral parasternal approach, 
3953 

flap method, 3951 
intercostal method, 3952 
rib resection, 3951 
Spangaro method, 3952 
trans-sternal route, 3950 
treatment of, 3949 
preparation and anesthesia, 3950 
(sec also Cardiac nerves; Coronary 
disease; Pericardium) 

Heart disease, care of cardiac cases at 
operation, 3583 

iu relation to operations and surgical 
risk, 3579 

surgical treatment of, 3935, 3956, 3970 
(see also Coronary disease ; Heart ; 

Pericarditis ; Pericardium) 
sympathectomy for, 3976 
thyroidectomy for, 3973, 3979 
Heart tamponade, 3944, 3915, 3948 
Heat, physiological effects of, 5345 
(see also Burns) 

Heat therapy, as a preparation for 
massage, 531G, 5347 
(see also Diathermy ; Elcctrology, 
medical ; Physical medicine) 
Heller’s operation for cardiospasm, 5090 
Hemilaiyngectomy, anterior, 4877 
Gluck’s operation, 4878 
method of Hautant, 4878 
Hemiplegia, 5521 

Henry (A. K.), on operations for hernia, 
3664,3679 

operation for femoral hernia, 3679 
Henry (Rowdier), operation for enuclea- 
tion of the follicle of the develop- 
ing wi«dom tooth, GI9I 
Hernia, 3599 

nn.T-sthcdn for surgery of, 3621 
congenital, 3663 


dermal transplants in repair of, 3609 
diaphragmatic, see Diaphragmatic 
hernia 
direct, 3619 

inguinal, truss in treatment of, 3610 
localised form of, 3620, 3663 
“ en glissade,” 3660 
epigastric, 3691 
femoral, 3665 
.-etiology of, 3668 
differential diagnosis of, 3670 
in childhood, 3669 
large hernia?, 3677 
operative treatment of, 3672 
fascial suture, 3G77 
Lotheissen’s operation, 3672, 3673 
low operation, 3678 
modification of the standard opera- 
tion for large hernia?, 3677 
plugging the crural canal, 3678 
reinforcement of the conjoined ten- 
don by an aponeurotic layer, 3677 
technique of the standard opera- 
tion, 3673 

pathological anatomy of, 3670 
surgical anatomy of, 3665 
truss in treatment of, 3G02 
foraminis Bochdalccki, 5111 
general principles in operative repair of, 
360j 
hiatus, 5111 
in infants, 3G00 
incisional, 3092 
truss in treatment of, 3GQ3 
inguinal, 3613 
ictiology of, 3G17 

anatomy of the inguinal region, 3613 
Rahim's operation for, 3051 
Bloodgood’s operation for, 3053 
choice of operation for, 3023 
congenital origin of, 3017, 3623 
diagnosis of, 3020 
differential diagnosis of, 3021 
direct, 3619 

localised form of, 3620, 3003 
Fergu«on’f» operation, 3050 
Gallic’s operation, 3017 
fascial repair l.y strips cut fmm th* 
external oblique, 30(9 
general principles in operatH** treat- 
ment of, 3623 
GirartlS operation, 305! 
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Hernia, inguinal, Halstcd’s operation, 
3043, 3653, 3055 
in the female, 3030 
in infants, 3COO 

ineWon in operations for, 3613, 3014 | 
interstitial, 3662 
large hernia;, 3637 

operative treatment of, 3623, 3626 [ 

anterior methods 3635 1 

anterior and posterior repair 
methods, 3643 

approach through the abdominal 
cavity, 3664 

“ dam and stay lace method, 
3644 

extra -peritoneal approach, 3664 
operations for the reconstruction 
of the inguinal canal, 3641 
posterior methods, 3614 
silk lattice repair of the inguinal 
canal, 3644 

specml problems connected with, | 
3657 

recurrent, 3632, 3662 
Schmieden's operation, 3654 
sliding hernia, 3CC0 
standard operation for, 3626 
after-treatment, 3633 
as modified for larger hernia of l 
the oblique type, 3637 1 

isolation and ligature of the henna! | 
sac. 3637, 3630 

lipomata in mgnmal canal, 3635 
reflection of the cremaster muscle, t 
3628 

reflection of the external oblique I 
aponeurosis, 3627 

repair of the inguinal canal and j 
closure of the wound, 3632 
skin memos, 362G . 

special points in the isolation and 
ligature of the hernial sac, 3634 
surgical anatomy of, 3613 
Turner's operation for, 3641 
types of, 3616 

\\ vllys Andrews" operation for, 3619 
interstitial, 2662 
large hernia, 3657 
local anesthesia for, 3621 
oblique inguinal, tru»s in treatment of, 
3601 

obturator, 3681 


operative treatment of, 3605 
perineal, 3681 

place of apparatus in treatment of, 
3600, 3C04 

Tare, in the pelvic region, 3681 
recurrent, 3662 
sciatic, 3681 
sliding, 3660 
stemalis, 5111 

suture material for repair of, 3605 
catgut, 3603 
fascial strips, 3C06 
kangaroo tendon, 3G06 
silk, 3610, 3639 
silver wire, 3610 
through Petit’s triangle, 3684 
treatment of, by truss, 3600, 3G04 
operative, 3605 

truss in treatment of, 3COO, 3C04 
direct inguinal hernia, 3C02 
femoral hernia, 3602 
hernia? of infants, 3600, 3603 
incisional hernia, 3603 
oblique inguinal hernia, 3601 
umbilical hernia, 3C03 
umbilical, 3683 
adult, 36S3 
large hernia?, 3691 
complete exomphalos, 3684 
congenital, 3684 
into the cord, 3686 
Jlaj o’s operation for, 3GS9 
of infants, 3C0I, 2G03, 3680 
truss in treatment of, 3603 
types of, 3684 
Herpes genitalis, 5310 
Herpes oticus, 4619 
Herpetic ulcers, of the tongne, 5024 
Herxheimer’s reaction, 5320 
Hetcro-skin-grafting, 3735 
Hiatus hernia, 5111 

Hihbs’ arthrodesis of the hip joint, 4333 
High frequency currents in medicine, 5357 
Hind-quarter (interinnoiuino-abdominal) 

amputation, 4288 
Hip joint, arthrodesis of, 4320 
Albee’s operation, 4333 
extra-articular, 4332 
Hihbs’ operation, 4333 
intra articular, 4331 
osteoplastic flap from the ilium (after 
Mathieu and Wilmoth), 4333 
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Iridocyclitis, symptoms of, 4535 
treatment of, 4535 
Irido, dialysis, 4554 
Im, bombe, 4537, 4539 
congenital anomalies of, 4535 
new growths and cysts of, 4539 
operation.? upon, 4577 
Intis, 4535 

complications of, 4537 
coarse ct 4535 
gonococcal, 5264 
iridectomy in, 4579 
signs of, 4536 
symptoms of, 4535 
treatment of, 4533 
Irradiation, oltra-violet, 5362 
Ivrhac-mic contracture, see Volkmann's 
ischxmic contracture 
Ischio-rectal abscess, 5462 
communicating with the anal canal or 
rectum, 5465 
operation for, 5163 
tuberculous, 5466 
Isodermic skin-grafting, 3735 
Ivy loop method for retention of moulds 
m intra-buccal skm-grafting, 
3725, 3726 


J 

Jackson s (Chev&W) aspirating broncho- 
scope, 4 SOS, 4809 
endoscopic forceps, 4511 
epsophageal or bronchosropic dilator, 

4811 

Jacksonian epile|Hy, 5493 
Jaconet template, 3609 
Jaundice, acholuric, splenectomy for, 3395 
in relation to operations and surgical 
risk, 3339 

Jaw, ankylosis of, 5129 
Esmarch's operation for, 5131 
Jaw, “ clicking,” 430S, 5125, 5126 
condyle of, excision of, 512S 
fibrocystic disease of, 5140, 5147 
fixity of, rre Trismus 
fractures of, Mandible, fractures of 
upper, removal of, 4793 
{ire also Ms edible; Maxilla; Odontoma) 
Johansson (Sven) operation for fracture 
of femur, 4465 


Joints, excision of, 4302 
movements of, 5349 
operations on, 4299 
general technique of, 4299, 4300 
individual joints, 420S 
(see also Arthrodesis ; Arthroplasty ; 

Arthrotomy) 

Jugular foramen, syndrome of, 5514 


K 

Kangaroo tendon, as suture material for 
repair of hernia, 3606 
Keratitis, 4531 
interstitial, 4533 
local treatment of, 4534 
neuroparalytic, 4533 
neuropathic, 4533 
non-nlcerative, 4-533 
phlyctenular, 4532 
profunda, 4534 
superficial punctate, 4533 
tubercnlous, 4534 
ulcerative, 4531 

Keratodermia blennorrhagica, 5264 
Kettering “ Hypertherm ” in treatment 
of gonorrhoea, 5230, 5243 
Kidneys, functional efficiency of, in 
relation to surgical risk, 3586 
tumours of, bone metastases in, 4376 
Kieliand s forceps, 3867, 3850 
advantages of, 3SS4 
contra-indications to use of, 3S31 
method of application, 35S2 
Kflnej’s skin -stretching apparatus, 3711, 
3712 

Kineplastic amputation, 4271 
Kirschner's operation of tr-rophagoplasiy, 
5095 
wire, 4395 

Kisch’s operation for exposure of ethmoi- 
dal cells and frontal sinus, 4763 
Kn<*e joint, amputations in region of, 4283 
arthrodesis of, 4340 
arthroplasty of, 4313 
arthrotomy of, 4337 
crucial ligaments, reconstruction of. 
4339, 4310 

disarticulation of, 42S3 
exploration of, 4333 
loose bodies in, 4333 
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synovectomy, 4344 
(sec also Patella) 

Knives, skin-grafting, 3700 
K ocher’s method of treating neck of the 
sac in inguinal hernia, 3036 
Kondotfon’s operation for elephantiasis, 
4212 

Krause’s method of induction of labour, 
3S50 

Kronlein’s operation, 4593 
Kuhnt-Srymanowshi operation, 45G8 
Kfimmel's disease, 4449 


L 

Labour, induction of, 3833 
increasing prevalence of, 3834 
indications for, 3835 
ante-partum hemorrhage, 3813 
associated diseases, 381 G 
contracted pelvis, 3S33 
post-maturity, 3844 
threatened death of the foetus, 3844 
toxaemia of pregnancy, 3835 
methods, 3817 

bougies (Krause’s method), 3850 
drugs, 3847 

endocrine methods, 3852 
hydrostatic bag, 3851 
rupture of the membranes, 3848 
(see also Forceps ; Obstetric surgery , 
Version) 

Labyrinth, drainage of, 4604 
operations on, for otosclerosis, 4666 
for tinnitus, 4666 
for vertigo, 4665 
surgery of, 4658 

Labyrinth, ethmoidal, see Ethmoidal 
labyrinth 

Labyrinth tests and diagnosis, 4660 

Labyrinthine suppuration, see Laby- 
rinthitis, pyogenic 

Labyrinthitis, circumscribed, 4662 
differential diagnosis from cerebellar 
abscess, 4683, 4684 
latent, 4663 
pyogenic, 4658 
diagnosis of, 46G0 
signs of, 4661 
treatment of, 4662 
serous, 4662 


Labyrinthotomy, 4664 
Lachrymal apparatus, defective drainage 
of, 4524, 4525 
diseases of, 4524 
obstruction of, 4525 
operations on, 4571 
syringing, 4571 
three-snip operation, 4571 
i Lachrymal gland, diseases of, 4526 
I excision of, 4573 
Lachrymal sac, removal of, 4572 
| Lambrinudi’s operation for drop foot, 
434S, 4319 

j Lane’s needle for fascial suture, 3607 
j Lane-Joynt’s skin-graft knife, 371 1 
1 Langer’s lines, 3700 

j La Roque's operation for inguinal hernia, 

' 3GG4 

Laryngectomy, indications for, in in- 
I trinsic cancer, 48GS 

j total, 4882 

after-treatment, 4898 
anaesthesia for, 4683 
condition of mouth and teeth in 
relation to, 4882 
Crilc’s operation, 4898 
feeding after, 4899 
Gluck’s operation, 4897 
Gordon New’s operation, 4898 
MacKenty’s method, 4897 
method of Gluck and Soerensen, 
4887 

Perier’s method, 4897 
post-operative complications, 4900 
speech after, 4902 
technique of, 4886 
tracheotomy preliminary to, 4883 
( see also Hemilaryngectomy ; Laryngo- 
fissure) 

Laryngo-fissure, 4869 
results of, 4876 

variations in technique of, 4874 
Laryngo-pharynx, 4906 
cancer of, 4906, 4909 
Laryngoscopes, 4808 
Laryngoscopy, 4831 
technique of, 4834 
(see also Endoscopy) 

Larynx, artificial, 4903 
diphtheria of, endoscopy in, 4839 
endoscopic appearances and procedures 
in diseases of, 4838 
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Larynx, intrinsic cancer of, 1851 
mtiology of, 4835 
diagno«is of, 4S62 

liemilaryngectomy for, fee Hemi- 
laryngectomy 

incidence and mortality, 4851, 4835 
laryngectomy for. tee Laryngectomy 
laryngo fissure for, see Laryngo- 
fi-fsure 

pathology of 4854 
treatment of, 4 t{ 65 
malignant tumours of, 4813 
general pathology of, 4513 
intrinsic and extrinsic, 4854 
partial resection of. 4809 
(we also Hemilaryngectomy ; Laryn- 
po-fi-ssure) 

tumours of, endoscopy in, 1840 
Lateral pharyngotomy, 4917 
Lateral sinus, otogenous infection of, 
400*5 

incidence and mortality of, 4C67 
operation for, 4870 
after-treatment of. 1672 
ligation of the internal jugular vein. 
4871 

signs and symptoms of, 4667 
treatment of, 4670 
X-ray examination m, 4660 
Lateral simu thrombosis, we Lateral 
sinus, otogenous infection, abore 
Latzko's operation. 3928 
Leg, amputation*. 4231 
artificial, 4283, 428.3, 4238 
Lens, 4339 
injuries of, 1531 
operations on, 4530 
(we also Cataract) 

Leontia«is o*sea, of mandible, 5143 
Leukarma, X-ray therapy m, 5400 
Leukoplakia, 5035 
(etiology of, 5031 
clinical types of, 5032 
symptoms of, 5032 
treatment of, 5032 
Lids, tee Eyelids 
LiUie-Crow test, 4669 
Iambs, artificial, 4283, 4283, 4288, 
4295 

Lingual nerve, injury to, in extraction of 
impacted teeth, 5189 
Lingual thyroid, 5020 


Lip, hare, see Cleft lip and palate 
Lipomata, in inguinal canal, removal of, 
3635 

of mouth and tongue, 5016 
of rosopbagus, 5063 
' Lips, 4969 

1 f re noplasty and frenectomy, 5207 

(we also Mouth ; Tongue) 

Lisf rant's amputation through the foot, 
4279 

I Liver, diseases of, in relation to operations 
and surgical ri«h, 3589 
| Lockwood's operation for femoral hernia, 
3679 

Logan’s ten«ion-l>ow, 3801. 3®05 
Lorenz bifurcation operation, 4335 
Lotheis-^nV operation for femoral hernia, 
3672, 3673 

Low tension currents, in medicine, 5356 
Lumbar puncture, 5171 
Lung, abscess, endoscopy in diagnosis 
and treatment of, 483? 
Lymphadenitis, 4115 
aMominal, acute, 4117 

differential diagnosis of, 4118 
prognosis of, 1119 
treatment of, 4118 
abdominal, chronic, 4118 
acute, 4115 

general treatment of, 4116 
local treatment of, 4116 
acute inflammatory, 4236 
chronic, 4119 
chronic simple, 4119 
suppurative, 4116 
abscess in the groin, 4117 
axillary abscess, 4117 
of external iliac glands, 4117 
submaxillarv glands, 4116 
uncomplicated cervical abscesses, 
4116 

syphilitic, 1120 

Lsunphadenitis, tulierculoos, 4120 
atidominal, 4138 
atiology of, 4120 
age and sex incidence, 4120 
axillary, 4131,4135 
bacteriology of, 4121 
cervical, 4121 
atiology of, 4121 
clinical features of, 4129 
conservative treatment of, 4147 
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diagnosis of, 412G 
differential diagnosis of, 4123 
mastoid or po«t -auricular glands, 
4100 

occipital glands, 4161 
operations for, 4151 
complications of, 4158 
excision of individual groups of 
cervical glands, UGH 
excision of the lower deep cervical 
glands, 41 GO 

excision of tlie upper deep cervical 
glands, 4 1 CO 

incision and drainage, 4152 
incision, evacuation, and curettage, 
1)52 

intra -capsular enucleation, 4151 
radical excision, 1151 
pathology of, 1129 
post-operative treatment of, 1 157 
pre-auricular gland and the parotid 
glands, 11C0 
prognosis of, 4131 
Buhmaxiltary glands, tlR3 
submental glands, 41C2 
superficial glands, 4162 
surgical treatment of, 4 ICO 
results of, 4 ICO 
treatment of, 4145 
heredity and, 41-0 
incidence of, 4120 
inguinal, 4130 
treatment of, 4137 
mediastinal, 4131 
mesenteric, 4133 
clinical types of, 4141 
diagnosis of, 4140 
pathogenesis of, 4122 
pathology of, 4121 
tracheo-bronchial, 4131 
treatment of, 1134 

Lymphadenoma, see Lymphogranuloma 
Lymphangiectasis. 4112 
Lymphangiomata, 4112 
capillary of naevoid, 4112 
cavernous, 4112 
cystic, of the mesentery, 41 13 
Lymphangioma tous macroglossia, 5019 
Lymphangitis, 4108 
acute, 4108 
treatment of, 41 09 
chronic, 4111 


gonorrhmal, 5250 
syphilitic, 1111 
tuberculous, 4111 
Lymphatic cysts, solitary 4113 
Lymphatic duct, injuries in the alxlomen, 
4101, HOC 

injuries in the thorax, 1101 
(see also Chylothorax) 

Lymphatic fistula, 4099, 4101 
Lymphatic glands, cervical, treatment of, 
in oral cancer, 5000 
cervical, tuberculosis of, see Lympha- 
denitis, tuberculous 
effects of X-rays on, 5384 
enlargement of, 4233 
chronic generalised, 4239 
generalised, 4237, 4239 
in acute infections, 4237 
in acute inflammatory lymphadenitis, 
4236 

in acute Icukirmia, 4238 
in chronic leukrcmia, 4213 
in chronic pyogenic infection, 4236 
m epidemic streptococcal ademtis, 
4239 

in glandular fever, 4237 
in lymphogranuloma, 4239, 4240 
in lymphosarcoma, 4242 
in malignant disease, 4236 
in rubella, 4238 
in secondary syphilis, 4238 
significance and differential diagnosis 
of, 4233 

tuberculous, 4230 

inflammation of, see Lymphadenitis 
1 tuherrulosjs of, see Lymphadenitis 
tuberculous 

Lymphatic system, 4099 
Lymphatic vessels, affections of, 4099 
inflammation of, see Lymphangitis 
injuries of, 4099 
innocent new growths of, 4112 
Lymphatics, anatomy of, 4172 
concomitance of lymphatic and blood 
vessels, 4173 
fascial, 4172 

m relation to dissemination of malig- 
nant disease, 4172 
by-pass lymphatic trunks, 4184 
carcinoma of the breast, 4184 
epigastric invasion of the abdomen in 
breast cancer, 4179 
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Lymphatics, in relation to dissemination 
of malignant disease, fa«cial 
lymphatic plexus, invasion of, 
in stomach cancer, 4179 
fate of permeated lymphatics, 4177 
growths in the cheek, 4191 
initial obstacles to dissemination, 
4175 

lymph gland embolism, 4183 
Ivmphcedema m cancer, 4192 
melanotic sarcoma, 4197 
nucro«copic growing edge, 4179 
permeation, 4177 
and secondary deposits, 4182 
mode of spread of, 4181 
recta! growths, 4192 
relative share of the ha?mic and 
lymphatic systems, 4192 
retrograde lymphatic embolism, 4183 
stomach cancer, 4 188 
testicular growths, 4187 
tongue cancer, 4188 
transccelomic implantation, 4195 
trunk permeation, 4182 
muscular, 4175 
of diaphragm. 5101 
of mouth and tongue, 4976 
of the elan, 4174 
parietal, 4172 
visceral, 4172 

Lymph-gland embolism, 4183 
Lymphcedema, conieoita.1, 4*200 
pathology of, 4204 
Lymphcedema, in cancer, 4192 
Lymphogranuloma, 4218, 4239, 4210 
abdominal symptoms in, 4223 
etiology of, 4218 
blood in, 4222 
clinical picture in, 4221 
complications of, 4224 
cutaneous manifestations of, 4223 
definition of, 4218 
diagnosis of, 4224 
differential diagnosis of, 4224 
fever in, 4222 

Gordon's biological test in, 4221 
histo-pathology of, 4220 
morbid anatomy of, 4219 
nervous manifestations of, 4221 
pathogeny of, 4218 
prognosis of, 4224 
surgical treatment of, 4225 


treatment of, 4225 
X-ray therapy in, 5100 
Lymphogranuloma inguinale, 4201 
Lymphosarcoma, 4242 
Lymph stasis, 4202 


31 

Macewen’s method of treating neck of 
the sac in inguinal hernia, 3636 
31acfarlane and Barnett, on haemostatic 
value of snake venom in hemo- 
philia, 3593 

3IcGavin (Laurie), on use of siher-wire 
filigree in repair of hernia, 
3610 

Machek-Giffonl operation for ptosis, 4569 
Macroglossi», W19 

lymphangiomatous, 5019 
3Ia!aria] therapy of syphilis, 5328 
3Ia!ignant disease, »re Cancer 
Mammaplasty, 3791 
for diffuse hypertrophy, 3791 
indications for, and selection of cases, 
3791,3792 

lactation and suckling alter, 3792 
preliminary skin marking in, 3792 
technique of, 3792, 3793 
time of operation, 3792 
Mammary gland, internal, cancer of, 

3Iandible, 5121, 5132 
actinomycosis of, 5135 
adamantinoma of, 5140 
bone-grafting operations on, 3733 
after-treatment of, 3744 
splints employed in, 3740 
taking the graft, 3741 
technique of, 3740 
cancellous osteoma of, 5137 
carcinoma of, 5140 
chondroma of, 5137 
dislocation of, 5121 
endothelioma of, 5140 
epithelial odontome of, 5140 
excision of, 5140 
excision o( half of, 5141 
partial, for removal of tumour of the 
tonsil, 4849 

fibrocystic disease of, 5140, 5147 
fibroma of, 5137 
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fractures of, GI55 
an.Dstbcsi’a, 51 G5 
causes of, 5155 

circumferential wiring iu, 5165 
comminuted, 5167 
control of sepsis in, 5160 
delayed union in, 51GS 
diagnosis of, 5156 
double, 5159 

emergency treatment of, 5159 
feeding in, 5165 

fractures behind the last standing 
tooth, 51CG 

in condylar regions, 5159 
in molar and angle regions, 5157 
in prcmolar region, 0157 
in symphysis region, 5157 
inter-dental wiring in, 6IC2 
location of, 5156 
malunion in, 5163 

methods of reduction and immobilisa- 
tion of fragments, 5161 
non-union, 5168 
of alveolar portion only, 5166 
of coronoid process, 5159, 5167 
of edentulous mandibles, 5167 
of neck of condyle, 5160 
old fractures, 5168 
retention of loose fragments, 5161 
skiagrams in, 51 G5 
splints, 5IG4 
treatment of, 51GO, 5166 
wiring in, 5164 
with displacement, 5157 
with edentulous maxilla, 5167 
with loss of bone in fractured area, 

6167 

hydatid cyst of, 5146 
in acromegaly, 5146 
in infantile scurvy, 5146 
infections of, 5132 
injuries of, 5121 
innocent tumours of, 5136 
ivory osteoma of, 5136 
leontiasis ossea of, 5143 
local necrosis of, 5133 
malignant tumours of, 5137 
melanoma, malignant, of, 5138 
mother-of-pearl workers' periostitis of, 
5146 

myxoma of, 5137 
osteitis deformans of, 5145 


osteitis fibrosa of, 5145 
osteoclastoma of, 5137 
osteoma of, 5136 
osteomyelitis of, 5132 
local necrosis in, 5133 
phosphorus necrosis of, 5134 
plastic surgery of, 3738 
(see also Bone-grafting operations on, 
abort) 

radium necrosis of, 5135 
sarcoma of, 5138 
tumours of, 5136 

(«ec also Intra-buccal grafting : Jaw , 
Odontomes) 

' -Mandibular cartilage, displacement of, 
| 5123 

[ treatment of, 5123 
-Mandibular nerve, injury to, in extraction 
of impacted teeth, 5189 
Manipulative treatment, 5349 
(see also -Massage ; Physical medicine) 

“ March fracture,” 4514 
Marcy, on femoral hemia, 3678 
Marriott and Kekwick’s method of con- 
tinuous drip blood-transfusion, 
5415 

Marwcdel's method of exposure of abdo- 
minal oesophagus, 5082 
Massage, 5333 
cardiac, 3D88 

clinical indications for, 5341 
effleurage, 5338 
for atrophy of muscle, 5342 
for removal of exudate, 5341 
friction, 5339 
general massage, 5344 
in coccal infection of joints, 5343 
in fibrositis, 5343 
in osteo-arthritis, 5343 
in rheumatoid arthritis, 5343 
petrissage or kneading, 5339 
physiological influence of, 5339 
tapotement or hacking, 5339 
Mastoidectomy, 4632 
anaesthesia for, 4636 
anatomical points, 46-33 
closure and drainage, 4642 
complications of, 4644 
difficulties of, 4642 
general management of cases, 4644 
instruments for, 4636 
operative technique, by stages, 4637 
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Mastoidectomy, petrositis complicating, 

im 

preparation of the patient, 4636 
Mastoiditis, acute, -4623 
anatomical structure, 4621 
Bczold’s, 4G‘29 
complications of, 4628 
diagnosis oi, 102-'* 

“ grumbling " mastoid, 4627 
in diabetics, 1G21 

in infants and young children, 4G28 
ultra cranial extension in, 4630 
mucosus otitis and, 462? 
nature of the infection in, 462! 
operations for, 4631 
best time for operation, 1631 
conservative, 4636 
indications for, 4631 
radical, 4631 
Schwartze, 4632 
(tee alto Mastoid operations) 
otoscopic examination in, 4623 
pathology of, 4623 

petrosal invasion and petrositis in, 4630 
(see alto Pet rout is) 
radiology in, 4631 
resistance of the patient in, 1621 
special forms of, 4628 
spread into the meatus, 4629 
spread into the neck, 4629 
spread towards the pharynx, 4630 
types of, 4626 
value of skiagrams in, 4631 
zygomatic, 1G2S 

Mastoid operation, conservative, 4G5G 
radical, 4G51 
accidents of, IG57 
after-treatment of, 4G5G 
difficulties and dangers of, 1G.30 
modifications of, 465G 
technique of, 1G51 

f'chwartze's, tec Schwartze’s operation 
Mastoid process, acute surgical conditions 
of, 4GI7 

(tee also Mastoidectomy ; Mastoiditis ; 
Mastoid operations ; Otitis 
media) 

Mathieu and U'limoth'a arthrodesis of the 
hip joint, 4333 

Maxilla, operation for removal of, 4793 
(ree also Intra-buccal grafting; 3fan- 
dible) 


Maxillary antrum, affections of, 47)1 
Denkcr's operation on, I7G1 
drainage through the alveolar margin, 
4712 

drainage through a permanent intra- 
nasal opening, 4736 
exploratory puncture and lavage of, 
1741, 4712 

malignant growths of, 4790 
combined surgical, diathermy and 
irradiation treatment of, 4793 
Harmer's operation for, 479-3 
irradiation without external opera- 
tion in, 4793 

operative treatment of, 4793 
removal of upper jaw for, 4703 
operations upon, 4756 
puncture of, through the ahcolar 
border, 4750 
Skillern's operation, !7G2 
trans-illumination of, 4719 
Maxillary sinus, Caldwell-Luc operation 
on, 4758 

Canfield's operation on, 47G2 
Mayo (W. J,), operation for umbilical 
hernia, 3689 

Meatus, auditory', tee Auditory meatus 
Mediastinal lymphatic glands, tul>eicu- 
losisof, 413! 

iledical aspects oi surgery, 3575 
acholuric jaundice, 3595 
age, 357G 
alcoholism, 3-378 
alkalosis, 3591 
ana?mw, 3591 

arteriosclerotic and degenerative heart 
disease, 3381 
biliary system, 3389 
blood conditions, 359 1 
blood-pressure, 3581 
cardiac cases, care of, at operation, 
3383 

cardiac reserve, measurement of, 3583 
cardio- vascular disease, 3579 
chest, 3581 

diabetes mellitus, 3390 
drug addiction, 3578 
endocrine disorders, 3591 
evaluation of “ surgical risk,” 3375 
factors of previous or associated disease, 
3579 

gall-bladder, 3590 
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gastric surgery, 3593 
Gaucher's disease, 35% 
haemophilia, 3595 
heart disease, 3579 
hyperthyroidism, 3591 
indications for operation, 3575 
jaundice, 3589 
liver, 3589 

metabolic disturbances, 3590 
nephritis, 3586 

occupation and social status, 3578 
persona! habits, 3578 
physiological considerations, 3576 
physique and bodily conformity, 3577 
purpura hremorrhagica, essential throm- 
bocytopenic, 3595 
racial factors, 3578 
renal disease, 3586 
respiratory affections, 3581 
rheumatic heart disease, 33S0 
sex, 3577 


surgical treatment of, 4676 
tuberculous, 5485 

Mercurochrome treatment of burns, 5455 
Mesenteric lymphadenitis, tuberculous, 
see under Lymphadenitis, tuberculous 
Mesenterv, cystic lymphangiomata of, 
4113 

Metabolic disturbances in relation to 
surgery, 3520 

Metacarpal bones and phalanges, fractures 
of, 4444 

multiple fractures of, 4447 
Metacarpo-phalangeal joints, operations 
on, 4324 

1 Metastasis in cancer, see Cancer, dis- 
semination of 


i Metatarsal bones, fractures of, 4514 
1 4 * march ” fracture of, 4514 


| Molar, impacted third, 5180, 5186 
J Mononucleosis, infectious, see Glandular 


fever 


spleen, 3595, 3596 ! Moot's Rule, 35S3 

splenic anwmia, 3595 t Mossy foot, 4210 

status lymphaticus, 3593, 4257 3Iother-of-pearI workers’ periostitis, 514G 

stomach, surgery of, 3593 Mouth, aDgioma of, 5018 


tetany, 3593 
thyroid gland, 3591 
tobacco smoking, 3578 
tox.Tnnc and infective conditions of 
the heart muscle, 35S2 
Mega-resophagus, 5048 
Meibomian cysts, 4524 
Melanoma, of choroid, 4543 1 

of mandible, 5138 

Melanotic sarcoma, dissemination of, 4197 
Melville (Saunders) operation for femoral 
hernia, 3678 

Membranes, artificial rupture of, 3S48 
von Mende’s operation for glaucoma, 4588 
Meniere’s syndrome, operation on the 
labyrinth for, 4665 
Meningitis, 5484 , 5488 
acute, 5484 
acute serous, 5489 
after-treatment of, 4676 
meningococcal, 5487 
otogenous, 4673 
diagnosis of, 4674 

Kubie’s forced drainage of cerebro- 
spinal fluid in, 4675 
treatment of, 4674 
pyogenic, 5488 


anatomy of, 4970 
benign tumours of, 5011 
carcinoma of, 49S2 
.•etiology of, 4982 

and Plummer-Vinson syndrome, 4999 
clinical types of, 4987 
course and termination of, 4996 
diagnosis of, 4997 
diathermy excision of, 5003 
differential diagnosis of, 4997 
dissemination of, 4995 
early diagnosis, importance of, 4999 
extent of the lesion, 4991 
glandular involvement in, 4993 
histology of, 4985 
incidence of, 4982, 4983 
localisation of, 4990 
multiplicity of lesions in, 4988 
predisposing causes of, 4983 
symptoms of, 4991 
treatment of, 5000 
anresfhesia, 5003 
diathermy excision, 5003 
low oltage X-rays, 5000 
of cervical lymphatic fields, 5006 
pre-operative treatment of the 
month, 5003 
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Month, chancre of, 5022 
chondroma of, 5016 
cysts of, 5019 
dermoid cysts of, 5020 
effect of X-rays upon, 5385 
embryology of, 4969 
examination of, 4980 
fibroma of, 5017 
floor of, 4973 
gemma of, 5025 
hygiene of, 5196 
lipoma of, 5016 
lupus vulgaris of, 5029 
lymphatic supply of, 4976 
malignant disease of, 49S2 
X-ray therapy in, 5392 
“ mixed tumour ” of, 5013 
mncoos- and salivary-gland tumours of, 
5013 

mucous cysts of, 5019 
narvi of, 5018 
nerve supply to, 4973 
neurofibroma of, 5017 
osteoma of, 5016 
papilloma of, 5011, 5012 
“ parotid tumour " of, 0013 
perforating ulcer of, 5023 
retention cyst of, 5019 
rhabdomyoma, of, 0016 
sarcoma of, 4932 
simple ulcers of, 499S 
syphilis of, 4997, 5022 
differential diagnosis of oral mani- 
festations of secondary svphilis, 
5024 

early generalised, 5023 
late oral manifestations of generalised 
syphilis, 5025 

primary inoculation of syphilis in the 
oral cavity, £022 
treatment of, 5023 
tuberculoma of, 5030 
tuberculosis of, 5029, 5030 
tuberculous ulcers of, 5029 
vascular tumours of, 5018 
xanthoma of, 5017 

(see oIjso Intxa-huccal grafting ; Jaw ; 
Stomatitis; Teeth) 

Mouth breathing, and dental disease, 5197 
Movements of joints, 5349 
Moynihan (Lord), on the relations of 
medicine and surgery, 3575 


Mucous- and salivary-gland tumours of 
the mouth and tongue, 5013 
Males’ operation for enucleation of the 
eye, 4591 

Muscles, atrophy of, massage in, 5312 
electrical reactions of, 5331 
reaction of degeneration in, 5354 
Muscular power and tonus, abnormalities 
of, 5524 
Myelomata, 4359 

l>cn5gn giant-celled tumour, 4359, 13C0 
multiple, 4362 
Myoma, of oesophagus, 5063 
Myringitis, 4618 
Myringotomy, 4620 
after-treatment of, 4C23 
difficulties of, 4622 
indications for, 4620 
technique of, 4621 
Myxoma, of mandible, 5137 


X 

Xievi, of mouth and tongue, 5018 
Nasal obstruction, due to adenoids, 4911 
Kasai polypi, 4727 
diagnosis of, 4728 
incidence and appearance of, 4727 
post -operative treatment of, 4732 
prognosis of, 4729 
removal of a choanal polypus, 4731 
removal of a polypus with the under- 
lying bone, 4731 
symptoms of, 4727 
treatment of, 4729 
difficulties and complications of, 4733 
Nasal septum, 4704 
abscess of, 4704 
adhesions, 4714 
deformities of, 4705 
diagnosis of, 4706 

dislocation of the anterior end of the 
triangular cartilage, 4712 
operative technique in, 4707 
post-operative treatment of, 4712 
results of operation for, 4712 
symptoms of, 4706 
treatment of, 4706 
lucmatoma of, 4704 
perforations of, 4713 
surgical diseases of, 4704 
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i sal sinuses, accessory, 4734 
acute inflammatory affections of, 4 <38 
diagnosis of, 4739 
pathology of, 4738 
symptoms of, 4739 
treatment of, 4740 
anatomy of, 4734 
benign growths of, 4788 
carcinoma of, 4789 
chronic infections of, 4743 
complications of, 4747 
diagnosis of, 4749 
Fcrris-Smith’s operation for, 4.7» 

in children, 4750 

intra-crania! complications of, 4.4H 
ocular complications of, 4748 
operative treatment of, 4750, 4» <8 
pathological changes in, 4744 
Proctz’s displacement method 
diagnosis and treatment, 4754 
radiological diagnosis of, 4t0l 
symptoms and signs of, 4744 

trans-illumination indiagnosisof, 4 

classification of, 4735 
diseases of, 4731 
empyema of, 4743 
endothelioma of, 4790 
malignant growths of, 4789 
osteomata of, 4788 
papillomata of, 4788 
radiological examination of, 47ol 
sarcoma of, 4790 
spreading osteomyelitis of the i skull, 
following operations on, 4ttUi 
tumours of, 4788 
{see also Nose ; Sinuses) 

Naso-pharynx, benign growths of, 47UJ 
fibroma of, 4799 
malignant growths of, 4800 
tumours of, 4799 
Neck, cystic hygroma of, 4113 

malignant glands in, radical operation 
for, 4917 . 

tuberculous glands in, see Lymphadeni- 
tis, tuberculous 
Necrosis, 5426 
(see also Gangrene) 

Needles, for fascial suture, 3607 
Negus’ bronchoscope, 4808, 4809 
hydrostatic dilator, 4822 
table for endoscopy, 4813 
Nephritis, in relation to operations and 
surgical risk, 3586 
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Nerves, cranial, see Cranial nerves 
Nervous child, 5531 
Nervou3 patient, 5531 

(see also Neurological and psychiatric 
aspects of surgery) 

Nervous system, effect of X-rays on, 
5387 

in relation to surgery, 5479 
peripheral, 5522 
Neuritis, interstitial, 5522 
Neurofibroma, amputation, 4273 
of mouth and tongue, 5017 
Neurological and psychiatric aspects ot 
surgery, 5479 

Neuromata, ganglion, 5523 
Neuroses and psychoneuroses, m relation 
to surgery, 5531 
Neurosis, anxiety, 5532 
obsessional, 5533 
Neurosyphilis, 5306, 5312 
treatment of, 5328 
{see also Syphilis) 

Neiv's (Gordon) operation of laryngec- 
tomy, 4898 

Nichol, on femoral hernia, 3679 

Nicola'S operation for recurrent d.slooa 

tion of the shoulder, 4315, 4317 
Nose, 4691 

angioma of, 4789 
benign growths of, 4788 
bleeding from, see Epistaxis 
carcinoma of, 4789 
cauterisation of, 4720 

chondroma and osteo-chondroma of, 

4789 

crooked, 3774 
depressed bridge of, 3783 

endothelioma of, 4790 

external injuries and diseases of, 4700, 
4703 

fibroma of, 4789 
foreign bodies in, 4717 
diagnosis of, 4718 
symptoms of, 4718 
treatment of, 4719 

fractures of, 3775 4700 

intra-nasal splints, 3777, 3773 
old, 3779 

with deformity, 4702 
recent, 3775 
after-care, 3777 
Bplinting, 3777 
treatment of, 3775 
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Nose, humped, 37T9 
infections of, external, 4703 
injuries of, 4700 

luetic deformity of, treatment by plastic 
surgery, 3724, 3725 
malignant growths of, 4780 
minor operations within, 4720 
operations on, 4(591 
after treatment of, 4698 
anaesthesia for, 4693 
armamentarium, 4691 
illumination, 4694 
minor intra-nasal operations, 4720 
post-operative complications, 4G9S 
pre operative measures, 4697 
use of cocaine, 4693 
osteomata of, 4788 
papillomata of, 4788 
plastic surgery of, 3762 
(see also Rhinoplasty) 
polypi of, see Nasal polypi 
removal of hypertrophied or diseased 
intra-nasal structures, 4721 
saddle, 3783 
sarcoma of, 4790 
septum of, see Nasal septum 
sinuses, see Nasal sinuses 
tumours of, 4788 

turbinals, hypertrophy of, 4721, 4722 
(see also under Nasal) 

Novocain e stellate block, 3977 


0 

Obsessional neuroses, 5533 
Obstetric surgery, 3S31 
Cnesarean section, 3901 
destructive operations, 3885 
forceps, 3806 
induction of labour, 3833 
primary repair of the vaginal orifice, 
3896 

version, 3833 

Occupation and social status, in relation 
to operations and surgical risk, 
3578 

Oculomotor nerve, 5300 
Odontalgia, 5198 
Odontomes, 5147 
cementomes, 5151 
classification of, 5147 


composite, 5150 
connective tissue, 5151 
cystic follicular, 5149 
dental cysts, 5148 
dentigerous cysts, 5149 
epithelial, 5147 
of mandible, 5140 
eruption cysts, 5148 
fibrous, 5151 
follicular, 5149 
malignant, 5151 
multilocular cysts, 5147 
(Esophageal pouch, 4825 
(Esophagectomy, 5069 
(Esophagitis, 5059 

(Esophago-bronchial fistula, 5044, 5045 
(Esophago - dermato - jejnno -gastrostomy, 
5095 

(Esophago-gastrostomy, 5091 
(Esophngo-jejuno-gastrostomy, 5093 
(Esophagoplasty, 5092 
Kirschner’s method, 5095 
(Esopliagoscopes, 4810 
(Esophagoscopy, 4814 
anaesthesia for, 4819 
anatomical considerations, 4816 • 
cicatricial stenosis of oesophagus, 4826 
congenital malformations, 4821 
congenital strictures, 4821 
contra-indications to, 4814 
diverticula, 4824 
endoscopic treatment, 4828 
foreign bodies, 4822 
indications for, 4814 

inflammatory diseases of oesophagus, 
4826 

neoplasms, 4827 
preparation of patients for, 4814 
short oesophagus, 4822 
technique of, 4820 
tumours, 4827 

wel>s and membranous obstructions, 
4821 

X ray examination preceding, 4815 
(see also Endoscopy) 

(Esopkagotomy, cervical, 5051 
(Esophagus, 5039 
abdominal, 50S1 
surgical exposure of, 5081, 5082 
anatomy of, 5040 
in relation to endoscopy, 4816 
artificial, see (Esophagoplasty 
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carcinoma of, 5061 
diagnosis of, 50G6 
metastases in bone, 4377 
treatment of, 50G8 
X-ray therapy in, 530*2 
cicatricial stenosis of, 4826 
congenital malformations of, 1821 
congenital strictures, 4821 
cysts of, 50G2 
diathermy of, 4829 
dilatation of, 5018 
by bougies, 4828 
diverticula of, 4821, 5053 
endoscopic examination of, 5043 
( sec also Endoscopy ; (Esophngoscopy) 
examination of, 5042 
fibroma of, 50G3 
fibromyoma of, 50G3 
foreign bodies in, 4822, 5050 
inflammatory diseases of, 4826, 5039 
innocent tumours of, 5062 
intubation of, 4828 
lipoma of, 5063 
malformations of, 5046 
malignant growths of, 50G4 
mega -wsophagus, 5018 
membranous obstruction of, 5047 
myoma of, 5063 
neoplasms of, 5062 
endoscopy in, 4827 
papilloma of, 5063 
peptic ulceration of, 5060 
physiology of, 5042 
pulsion diverticula of, 5053 
radiological examination of, 5043 
radium and radon seeds, application of, 
4830 

resection of, 5083 

at the bifurcation of the trachea, 5087 
at the thoracic inlet (collar resection), 
5083 

between the thoracic inlet and the 
bifurcation of the trachea, 5084 
extra-pleural approach, £085 
transpleural operation, 5084 
of the lower third of the thoracic 
cesophagus, 2087 
extra-pleural approach, 5090 
transpleural approach, 5087 
rupture of, £052 
sarcoma of, £064 
short, 4822, 5049 


spasmodic contraction of, 5071 
operative treatment of, 5090 
stricture of, congenital, 5047 
fibrous, 5061 
simple, 5057 

surgery of, history of, 5039 
surgical exposure of, 5075 
abdominal oesophagus, 5081 
, left mediastinal exposure of the 
lower cesophagus, 50S0 
left transpleural exposure of the 
I loner o?«ophagus, 5078 

' right mediastinal exposure of ceso- 
phagus, £079 

i right transpleural exposure of the 
( loner oesophagus, £077 

right transpleural exposure of the 
upper cesophagus, 5076 
j thoracic oesophagus, 5075 

| syphilitic ulceration of, 5000 

, technique of operations on, 5083 

1 thoracic, surgical exposure of, 5075 
traction diverticula of, 5035 
tuberculous ulcers of, 5039 
tumours of, 50G2 
endoscopy in, 4827 
i ulceration of, 5059, 5060 
I web9 and membranous obstructions of, 
i 4821 

1 CEstrin, for induction of labour, 3852 
in treatment of vulvo-vaguutis, 5290 
• Oldham's perforator, 3S85 
Olecranon process, fractures of, 4430 
Olfactory nerve, affections of, 5500 
Omentocardiopexy, 3973, 3983, 3985 
Operations, 3575 
age in relation to, 3576 
assessment of *‘ surgical risk,” 3575 
cardiac cases, care of, 3583 
factors of previous or associated disease, 
3579 

aniemia, 3594 

arteriosclerotic and degenerative 
heart disease, 3581 
bibary system, 3589 
blood conditions, 3594 
cardio-vascular disease, 3579 
diabetes mellitus, 3590 
endocrine disorders, 3591 
hsemophilia, 3595 

(see also under Hemophilia) 
hyperthyroidism, 3591 
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Operations, factors of previous oc 
associated disease, fiver and 
gall-bladder, 3789 
metabolic disturbances, 3590 
renal disease, 35SG 
respiratory affections, 3584 
rheumatic heart disease, 3580 
spleen, 3595 

toxajmic or infective conditions of 
the heart muscle, 358- 
gastric surgery, medical considerations 
in, 3593 

indications for, 3575 
morbid fear of, 5533 
physiological considerations, 357G 
age, 3576 
alcoholism, 3576 
drug addiction, 3578 
occupation and social status, 3578 
personal habits, 3578 
physique and bodily conformity, 3577 
sex, 3577 

tobacco smoking, 3578 
risk from the renal aspect, 3380 
(see also Medical aspects of Surgery ; 
Neurological and psychiatric 
aspects of surgery ; Obstetric 
operation-*; Ophthalmic opera- 
tions) 

Ophthalmia neonatorum, 4527 
Ophthalmic operations, 45G5 
anesthesia for, 4505 
antisepsis in, 4505 
position of the surgeon, 456G 
Ophthalmitis, sympathetic, 4557 
treatment of, 4558 
Ophthalmoplegia, 4558 
Optic atrophy, 4548 
Optic fundus, examination of, 4521 
Optic nerve, 4546 
affections of, 5500 
new growths of, 4548 
Optic neuritis, 4547 

Oral cavity, see Intra-bucca! grafting ; 
Mouth 

Oral hygiene, 5196 
Oral screen, 5198, 5211 
Orbit, restoration of, by Thiersch graft, 
3718 

tumour of, Kronlein’s operation for, 4595 
Oro-pharynr, tnmonrs of, 4845 
diagnosis of, 4846 


diathermy in, 4851 
symptoms of, 4846 
treatment of, 4817 

(see also Hypo-pharynx ; La ryn go- 
pharynx ; Pharynx) 
Orthopedics, 42G5 
Os calels, fractures of, 4509 
diagnosis of, 4510 
treatment of, 4511 

O’Shaughnessy’s cases of omentocardio- 
pexy, 3985 

Osteitis deformans, affecting the mandible, 
5145 

Osteitis fibrosa, of mandible, 5145 
Osteo-arthritis, massage in, 5313 
Osteoclastoma, of mandible, 5137 
Osteogenic sarcoma, see Parcoma, osteo- 
genic 
Osteoma, 4352 
cancellous, 4352 
of mandible, 5136 
of mouth and tongue, 5016 
of nose and paranasal sinuses, 4788 
symptoms of, 4353 
treatment of, 4352, 4353 
Osteomyelitis, bone-grafting operations 
in cases of, 3738 
of the mandible, 5132 
spreading, of the skull, 4802 
Otitic abscess, 4780 
Otitic hydrocephalus, 4780 
Otitis, externa, diffuse, 4615 
hemorrhagica, 4618 
suppurativa circumscripta, 4613 
Otitis media, 4617 
acute suppurative, 4G17 
diagnosis of, 4618 
pathology of, 4617 
symptoms and signs of, 4617 
treatment of, 4619 

and summer diarrhcea in infants, 
4628 

chronic suppurative, 4648 
conservative operations for, 4656 
indications for operation in, 4649 
radical operation for, 4651 . 
accidents of, 4657 
after-treatment, 4656 
difficulties and dangers of, 4650 
modifications of, 4656 
technique of, 4651 
surgery of, 4648 



INDEX 


5571 


Otogenous meningitis, 4673 
diagnosis of, 4674 

Kubie’s forced drainage of cerebro- 
spinal Quid in, 4675 
treatment of, 4674 
Oto-hmmatoma, 4609 
Otosclerosis, operations on the labyrinth 
for, 4666 
Otoscopy, 4600 

Oudard’s operation for dislocation of the 
shoulder, 4317 
Oxycephaly, 5493 


P 

Pachymeningitis hremorrhagica interna, 
5497 

Page’s muscle-slide operation for ischrcmic 
contracture, 4384 

Paget’s disease, see Osteitis deformans 
Palate, cleft, see Cleft lip and palate 
syphilitic destruction of, 5027 
(see also Mouth) 

Panophthalmitis, 4539 
Papillccdema, 4547, 5500 
Papilloma, of mouth and tongue, 5011 
of nose and paranasal sinuses, 4788 
of cesophagus, 5063 
Parodontal infection, 5216 
Parodontosis, 52.14 
marginal, 6217 
proliferative, 5218 
rarefying, 5218 
surgical treatment of, 5220 
Paraffin injections, 3789 
Paraffinoma, 3789 
Paralysis, emotional, 5507 
facial, see Facial paralyse 
lower motor neurone, 5507 
muscular, 5524 
upper motor neurone, 5506 
Paraplegia, 5516 
treatment of, 551 7 

Paravertebral alcohol injections for heart 
disease, 3978 

Passive vascular exercises, see “ Pavaex ” 
treatment 

Patella, fractures of, 4487 
complications of, 4489 
treatment of, 4488 


Patient, nervous, 5531 
(see also Neurological and psychiatric 
aspects of surgery) 

" Pavmx ” treatment, of arteriosclerosis, 
4047 

of thrombo-angeitis obliterans, 4042 
“ Peau d’orange,” 4192 
Pelvi-rectal abscess, 5463 
Pelvis, contracted, Caesarean section in, 
3904 

induction of labour in, 3338 
use of forceps in, 3869 
Pelvis, fractures of, 4456 
complications of, 4457 
prognosis of, 4458 
treatment of, 4458 
Perforator, Oldham’s, 3885 
Peri-anal boil or abscess, 5462 
Peri-anal suppuration, 5462 
after-treatment of, 5466 
signs and symptoms of, 54G3 
treatment of, 5463 

(see also Ischio-rectal abscess ; Pelvi- 
rectal abscess ; Peri-anal boil or 
abscess ; Submucous abscess) 
Pericardiectomy, 3964, 3965 
partial (Rehn’s operation), 3964, 3966 
total, 3964, 3966 
Pericardiotomy, 3957 
after-treatment of, 3938 
combined trans-sternal and trans- 
chondral approach, 3958 
trans-chondral, 3958 
trans-sternal, 3957 
Pericarditis, 3956 
chrome adhesive, 3959 
diagnosis of, 3962 
pathology of, 3959 
surgical treatment of, 3963 
operation on the parietes, 3964 
operation on the pericardium, 3964 
operative technique, 3965 
paralysis of the left diaphragm, 3964 
results of, 3966 
suppurative, 3956 
diagnosis of, 3957 
pathology of, 3956 
surgical treatment of, 3957 
Pericardium, 3944 

and mechanism of heart tamponade, 
3944 

drainage of, surgical, 3957 
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Poncarti mm, inflammation of, set Peri- 
carditis 

surgical anatomy and physiology of, 
3930 

Perichondritis of the auricle, 4009 
Pennenm, primary repair of, 3S96 
(jr« also Vaginal orifice) 

Penodontal membrane, diseases of, 5209 
Penodontitis. 5214, 5215 
acute. 5215 

sub-acute and chrome, 5215 
traumatic occlusion, 5216 
Periostea! fibrosarcoma, 4370 
treatment and prognosis of, 4371 
Periostitis, mother-of-pearl workers, 5140 
Periphlebitis 3992 
Pentomy. 1 >76 

Permeation of lymphatics by cancer-cells, 
4177 

Personal habits, in relation to operations 
and surgical rut, 3578 
Perth*’# test for competency of com- 
municating valves, 3993 
Petrissage, 5339 
Petrositis, 4013 
treatment of. 4046 
Phalanges. 4410 

and metacarpal bones, multiple frae- , 
tores of, 4447 
dislocation of. 4440 
fractures of, 1447, 4515 
Pharyngeal diverticulum, 4S23 
Pharyngo-laryngectomy. 4921 
plastic operation for closure of pharyn- ' 
gostotne, 492T 
results of, 4&3»> 

Pharyngo-o-sophagea! pouch, 4823 
Pharyngopla-ty, 3807, 350*, 3810 
Pharyngo-tome, plastic operation for 
closure of, 4927 
Pharyn gotomy, lateral, 4917 
sub-hyoid, 4914 

Pharynx, malignant tumours of, 4S13 
(w also Hypopharynx : Laryngo- 
pharynx , Xa*o-pharym ; Oro- 
pharynx ; lletro - pharyngeal 
ab«ee-*) 

Phlebitis, superficial, of the ieg, 4C03 
suppurative, 4000 
Phleboliths, 4001 
Phlebo«clerosi«, 3992 
Phlegmasia alba dolen*, 4 COO 


[ Phlyctenular keratitis, 4532 
Phosphorus necrosis of mandible, 5131 
Phrenieectomy, for phreno-pericardiil 
1 adhesions, 3964, 3966 

i Phvsical medicine, 5337 

(set also Elect rology, medical ; Infra- 
red irradiation ; Manipulative 
treatment ; Massage ; Ultra- 
violet irradiation ; X-rays) 
Phvriological considerations, in relation to 
operations, 3576 

i Phvsique, in relation to operations and 
surgical risk, 3377 
Pick’s syndrome, 3902 
Picric acid treatment of burns, 5150 
Pilonidal sinus, 51 6S 
after-treatment of, 5470 
operation for, 5109 
treatment of, 5403 
Pinch grafts, 3705 
Pinguecula, 4530 

Placenta pnevia, Cmsarean section in, 
3C0C 

version for, £553, £557, 3562 
(jee also Hemorrhage, ante-pa rtum) 
Plasmocytoma, 4363 

Plaster-of-Paris, use of, in plastic surgerv, 
3717 

Plastic surgery, 3099 
cleft lip and palate, 3500 
{see also Cleft lip and palate) 
double chin, 3523 
eyelids, 3525 

face-hftmg procedure*, 3521 
fascia lata grafts, 3745 
flaps, 3752 

forehead wrinkle*, 3827 
general technique of, 3099 
graft*. , f f Bone, Cartilage, Fat, Fs*c?a 
lata. Pinch, 3 kin grafts 

incisions, 3700 

mammaplasty, 3791 
(see alto Mamma plasty) 
of the breast, 3791 
of the nose, 3702 

[ttt also Ilhinoplasty) 
paraffinoma, 3759 

primary ar.<l socondarv repair, 37C0, 
3701 

rhinoplasty, 3702 
{»er also Ilhinoplasty) 
skin flaps, tft Skin flaps 
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skin-grafting, see Skin grafts 
suture materials and suturing, 3700 
removal of sutures, 3703 
types of suture, 3701 
technique of, 3699 
tulle gras, use of, 3706 
types of repair, 3760 
Plummer-Vinson syndrome, 4910, 4911 
and carcinoma of the mouth, 4999 
Polyneuritis acustica, 4619 
Polypi, nasal, see Nasal polypi 
Popliteal aneurysm, 4070 
Popliteal artery, ligature of lower part 
and bifurcation of, 4095 
Popliteal space, ligature of arteries in 
upper part of, 4094 
Porro’s operation, 3928 
Post-cricoid area, carcinoma in, 4855, 
4910, 4924 

Post-operative gangrene of the skin, 
5437 

Pott’s fracture, 4503 

Precordial costo-chondrectomy, 3964, 
3965 

for non-pericardial cardiopathies, 3966 
results of, 3966 

Pregnancy, associated diseases of, 3846, 
3908 

toxferaia of, induction of labour in, 
3835 

varicose veins in, 3992 
( see also Caesarean section ; Labour, 
induction of ; Obstetric opera- 
tions) 

Pre-operative examination of patients, 
3575 

( see also Medical aspects of surgery ; 
Operations) 

Proctitis, gonorrhoeal, 5252, 6257 
Proctz’s displacement method of sinus 
diagnosis and treatment, 4754 
Prontosil, in treatment of streptococcal 
infections, 4110 

Prostate, examination of, in gonorrhoea, 
5239 

massage of, 5240 

tumours of, bone metastases in, 4376 
Prostatic abscess, gonococcal, 5252 
Prostatitis, gonococcal, 5252 
Prosthetic dentures, in plastic surgery of 
the mouth, 3721 
Pscudoglioma, of retina, 4516 
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Psoas abscess, simulating femoral hernia, 
3671 

Psychiatric and neurological aspects of 
surgery, 5479 
Psychoneuroses, 5531 
Pterygium, 4531 
operation for, 4574 
Pterygo-maxillary abscess, 4629 
Ptosis, Greeve’s operation for, 4569 
Machek-Gifford operation for, 4569 
operations for, 4568 
Pubis, fractures of, 4457 
Pulmonary embolism following Ca-sarean 
section, 3911 
Pulpitis, 5199 

Purpura hemorrhagica, essential thrombo- 
cytopenic, splenectomy for, 3595 
Pylephlebitis, 3997 
Pyorrhoea, 521fl 
(see also Paradontosis) 
surgical treatment of, 5220 


R 

Racial factors, in relation to surgery, 
3578 

Radial epiphysis, separated lower, 4440 
Radiant heat, sec Heat therapy 
Radio-dermatitis, see X-ray dermatitis 
Radio-sensitivity of tumours, 5391 
Radio-therapy, see X-ray therapy 
Radio-ulnar joint, inferior, ankylosis of, 
4323 
Radius, 4425 

fractures about lower end of, 4135 
of the head, 4426 
of the neck, 4428 
of the shaft, 4433 
within the elbow joint, 4420, 4126 
operation for removal of head of, 
4427 

Radius and nlna, fracture of shafts of, 
4431 

Ramisectomy, post-ganglionic, for heart 
disease, 3977 
Raynaud’s disease, 4022 
cervico-dorsal ganplionectomy in, 4031 
clinical features and course of, 4026 
complications of, 4028 
differential diagnosis of, 4029 
lumbar ganplioncctomy in, 4032, 4031 
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Raynaud's disease, medical treatment of, 
4029 

operative treatment of, 4030 
results of, 4033 
pathology of, 4023 
periarterial sympathectomy in, 4031 
physiotherapy of, 4030 
rarai«ectomy in, 4031 
treatment of, 4029 
operative, 4030 

Rectum, dissemination of cancer of, 
4192 

Rehu'e dermal transplant, 3609 
in repair of incisional henna?, 3G94 
Renal disease, m relation to operations 
and surgical risk, 3586 
Respiratory' affections, in relation to 
operations and surgical risk, 
3384 

Respiratory system, effect of X-rays on, 
53S6 
Retina, 4544 
detachment of, 4514 
treatment of, 4589 
glioma of, 4546 
inflammation of see Retinitis 
injuries of, 4555 
new growths of. 4515 
pseudoglioma of, 4546 
Retimtis, 4541 

Retrognathism, plastic treatment of, 
3723, 3721 

Retro-pharyngeal abscess, 4933 
acute, 4935 
und adenoids, 4912 
chronic, 4936 
surgical anatomy, 4933 
Reverdin grafts, 3705 
Rhabdomjoma, of mouth and tongue, 
5016 

Rheumatic heart disease, in relation to 
surgery, 3580 

Rheumatoid arthritis, see Arthritis, 
rheumatoid 
Hhinophyma, 3788 
Rhinoplasty, 3762 
corrective, 3774 
crooked nose, 3774 
depressed bridge, 3783 
humped nose, 3779 
long nose with drooping or bulbous 
rip, 3781 


old fractures, 3779 
recent fractures, 3775 
rhinophyma, 3788 
saddle nose, 3783 
reconstructive, 3762 
abdominal and pectoral flaps, 3772 
forehead flap, application to the nose 
defect, 3768 
raising of, 3765 
preparation of defect, 3763 
superimposed flaps, 3772 
{see also Nose ; Plastic surgery ; Shin 
flaps) 

de Kibes bag, for induction of labour, 
3851 

Ribs, fractures of, 4447 
Rienboff’s experiments on omcntocardio- 
pexy, 3984, 3985 
Rigidity, extra-pyramidal, 5525 
Rinne test of hearing, 4607 
Risks, surgical, evaluation of, 3375 

{see also wider Medical aspects of 
surgery ; Operations) 

Ritchie's classification of types of cleft 
palate and lip, 3800 
Rontgen rays, see X-rays 
Roux, on femoral hernia, 3679 
Rubella, glandular enlargement in, 4238 
Russell (Hamilton), onmtiology of femoral 
hernia, 3668 

on etiology of oblique inguinal hernia, 

3617 


S 

Sacro-ihac joint, arthrodesis of, 4325 
extra-articular, 4327, 4328 
mtra-atticulai, 4327 
Smith-Petersen’s operation, 4327 
Verrall's operation, 4326, 4327 

Saddle nose, 3783 

Salivary-gland tumours, in the mouth 
and tongue, 5013 

Saphena varix, simulating femoral 
hernia, 3671 

Saphenous veins, phlebitis of, 4005 

Sarcoma, 4364 
Ewing’s tumour. 4368, 4369 
melanotic, dissemination of, 1197 
of choroid, 4513 
of mandible, 6138 



INDEX 5575 


of mouth and tongue, 4982 
of nose and paranasal sinuses, 4790 
of cesophagus, 5064 
osteogenic, 4364 
diagnosis of, 4365 
dissemination of, 4364 
pathology of, 4367 
treatment and prognosis of, 4371 
periosteal fibrosarcoma, 4370 
prognosis of, 4371 
treatment of, 4370 
Scalds, see Burns 
Scaphoid, fractures of, 4441 
Scapula, fractures of, 4407 
Scheibe’s syndrome, 4627 
Schmieden’s operation for inguinal hernia, 
3654 

Schwabach’s test of hearing, 4608 
Schwartze’s operation, 4632 
anaesthesia for, 4636 
anatomical points, 4633 
closure and drainage, 4642 
complications of, 4644 
difficulties of, 4642 
general management, 4644 
instruments for, 4636 
operative technique, by stages, 4637 
petrositis complicating, 4G45 
preparation of the patient, 4636 
Sciatic artery ligature of, 4096 
Sclero-corneal trephining, 4580 
Sclerotomy, posterior, 4579 
Scrotum, elephantiasis of, operation for, 
4215 

Semilunar bone, fractures of, 4442 
Seminal vesicles, examination of, in 
gonorrhoea, 0239 
inflammation of, 5253 
.Septicicmia, gonoccocal, 5259 
Serpiginous ulcer, 4532 
Sex, in relation to operations and surgical 
risk, 3577 
Shock, 5405 
amesthesia, 6112 
hlood-tranfusion, 5112 
cardiac nntl respirator)" tonics, 5114 
cortin in, 5114 
drugs in treatment of, 5413 
ephedrine and icoral in, 5113 
fluid loss theory, 510" 
hirmorrhnge and, 5112 
insnlm in, 511 1 


intravenous salines and gum salines, 

5412 

neurogenic factors in, 5110 
operative measures in, 5112 
pain and, 5410 

post-operative measures, 5412 
pre-operative measures, 5411 
primary, 5105 

rectal and subcutaneous salines in, 

5413 

secondary, 5406, 5407 
sedatives in, 5411 
theories of pathology of, 5407 
toxic theory, 5108 
treatment of, 5410 
after accidents, 5411 
Short-wave therapy, 5358 
Shoulder joint, 4312 
arthrodesis of, 4312 
extra -articular, 4314 
intra-articular, 4312 
arthrotomy of, 4310 
disarticulation at, 4295 
fracture-dislocation of, 4413 
complications of, 4415 
impacted, 4414 
unimpacted, 4414 
recurrent dislocation of, 4314 

Bankart’s operation for, 4315, 4317 
Olairmont’s operation, 4315, 4317 
Nicola’s operation, 4315, 4317 
Omlard's operation, 4317 
Sieve graft, 3731 

Silk, as suture material for repair of 
hernia, 30 JO, 3639 

Silver-wire, ns suture material for repair 
of hernia, 3610 

Sinus, frontal, affections of, 4738 
chronic infections of, 4746 
drainage of, 4742 
malignant growths of, 4790 
operations on, 4770 
external, 4771 
Harmer’s, 4775 
Ifownrtli's, 4772 
intra-nasal, 477ft 

Sinus, pilonidal, *rt Pilonidal einus 
upenoitlal, acute infections of, 4713, 
4747 

malignant growths of, 4790 
operation* on, 4776 
SimiM-*, na«al. trr Nasal «inu**s 
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Sinusitis, acute, 4733 
chronic, 4743 

Ferris-Smith’s operation, 4778 
operative treatment of, 4750 
in children, 4750 
paranasal, complications of, 4747 
Proetz’s displacement method of 
diagnosis and treatment of, 4751 
radiological diagnosis of, 4751 
Sinus thrombosis, mtra -cranial venous, 
5491 

Sbllern's operation, 4762 
fekin, carcinoma of. X-ray therapy of, 
5392 

effects of X-rays on, 5377 
lymphatic anatomy of, 4174 
parasitic quality of, 3705 
post-operative gangrene of, 5437 
Skin flaps, 3752 

advancement or sliding flaps, 3752 
arterial pedicle flaps, 3757 
bridge or pedicled flaps, 3755 
direct flaps, 3756 
rotation flaps, 3752 
transposed flaps, 3754 
tnbed pedicle flaps, 3757 
Skin grafts, 3705 
bnccal inlay, 3723 
buried grafts, 3731 
cutting apparatus, 3709 
Blair knife, 3710 
Humby's knife, 3712 
Fiber's skm-stretching apparatus 
3711,3712 

Lane-Joynt’s knife, 3711 
Thiersch knife, 3709, 3710 
free grafts, 3705 
hairless grafts, 3708, 3731 
hairy Wolfe graft, 3732 
hetero-skin-graftmg, 3735 
homo-skin-grafting, 3735 
in repair of incisional hernia?, 3691 
in repair of hernia?, 3609 
intermediate, split-skin or thick razor 
grafts, 3734 

mtra-buccal grafting, 3722 
isodermic skin-grafting, 3735 
orbital grafting, 3718 
Pmeh grafts, 3705 
sieve grafts, 3734 
small deep skin grafts, 3705 

split skin-grafts, 3731 


Thiersch graft, 3707 
application of the graft, 3713, 3714 
to special areas, 3718 
choice of donor area, 3708 
cutting apparatus, 3709 
cutting the graft, 3710, 3711 
draping of the donor area, 3708 
dressing of the donor area, 3713 
plaster-of-Paris fixation, 3717 
post -operative care, 3717 
preliminary skin preparation, 3703 
preparation of the recipient area, 3713 
Stent moulds, use of, 3713 
tulle gras, u«e of, 3706 
tunnel grafting, 3731 
• » hole-thickness skin grafts, 3727 
Wolfe graft, 3727 
hairy Wolfe graft, 3732 
(#er also Bone grafts ; Fat grafts ; 
Pinch grafts ; Plastic surgery ; 
Skin flaps) 

Skull, gummatous osteitis of, 5315, 53IG 
spreading osteomyelitis of, 4802 
Sluder’s operation of tonsillectomy, 4952 
Small's fasciatome, 3607 
Smith’s fracture, 4440 
Smith’s (Stephen) operation, 4283 
Smith-Petcrsen operation for fracture of 
femoral neck, 4464 

“ blind ” insertion (Sven Johansson), 
4163 

insertion by open operation (modified 
Smitb-Peterscn), 4465 
Smith-Pctersen’s sacro-iliac arthrodesis, 
4327 

Smoking, in relation to operations and 
surgical risk, 3578 

Snake venom in treatment of luemophilia, 
3595, 5123 

Souttars instruments for dilatation and 
intubation of oesophagus, 4829 
Spangaro method of approach to the 
heart, 3952 

Speech, after laryngectomy, 4902 
Spence’s operation, modification of, 4295 
Sphenoidal sinus, see Sinus, sphenoidal 
Spinal accessory nerve, 5514 
Spinal cord, compression of, 5518, 5521 
injuries of, 5515 
radiography of, 5519 

Spinal puncture, see Cisternal puncture; 
Lumbar puncture 
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Spine, fracture-dislocation of, in cervical 
region, 4454 
frantures of, 4448 
cervical region, 4452 
classification of, 4449 
compression fractures, 4449 
treatment and prognosis of, 4451 
dorsal region, 4452 
of special vertebra;, 4455 
of spinous and transverse processes 
and lamina, 4453 
paraplegia complicating, 4452 
reduction of special spinal fractures, 
4452 

Spleen, diseases of, in relation to opera- 
tions and surgical risk, 3595 
Splenic anaemia, splenectomy for, 3595 
Splints, intra-nasal, 3777, 3778 
plaster-of-Paris, 4394 
used in bone-graft operations on the 
mandible, 3740 
Split skin-graft, 3734 
Spondylitis traumatica, 4449 
Squint, see Strabismus 
Status thymo-lymphaticus, 3593, 4257 
Steinmann pin, 4395 

Stellate block, novocaine, for angina 
pectoris, 3977 

Stellectomy, for heart disease, 3977 
Stent moulds, in skin-grafting, 3713 
Sterilisation, and C.rsarean section, 3919 
Stemo-clavicular joint, operations on, 
4309 

Sternum, fracture of, 4448 
Stokes-Gritti’s amputation, 4283 
Stomach, cancer of, dissemination of, 4188 
invasion of the fascial lymphatic plexus 
in, 4179 

medical considerations in surgery of 
the, 3593 
thoracic, 51 13 
Stomatitis, 5210 
Strabismus, 4558 
concomitant, 45G2 
treatment of, 4563 
varieties of, 45G3 
divergent, 45G3 
operations for, 4589 
after-treatment, 4592 
on the external rectus, 4591 
advancement, 4592 
resection, 4591 
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to weaken the internal rectus, 4590 
recession, 4590 
tenotomy, 4590 
paralytic, 4558, 4561 

Streptococcal infections, prontosil in 
treatment of, 4110 
Styes, 4524 

Subarachnoid hemorrhage, spontaneous, 
5481 

Subclavian aneurysm, 4068 
Subclavian artery, ligature of, 4090 
Subdural abscess, 4678 
Sub-hyoid pharyngotomy, 4914 
Submucous abscess, 5462 
treatment of, 5466 

Supracondylar fractures, of femur, 4485 
of humerus, 4419 
Surgery, medical aspects of, 3575 
neurological and psychiatric aspects of, 
5479 

obstetric, 3831 
ophthalmic, 4565 
some aspects of general, 5405 
“ Surgical risk,” evaluation of, 3575 
(sec also under Medical aspects of 
surgery ; Operations) 

Surgical shock, see Shock 
Suture materials and suturing, for plastic 
surgery, 3700 
for repair of hemiic, 3605 
Symblepharon, skin-grafting in ea«cs of, 
3721 

Syme’samputation at the ankle joint, 4279 
Sympathectomy, cervical, for heart 
disease, 3976 

suprastellatc, for heart disease, 3976 
(see also Arteries, surgical diseases; 
Raynaud’s disease ; Thromho- 
angeitis obliterans) 

Sympathetic ophthalmitis, see Opthal- 
roitis, sympathetic 

Syndactyly, Thiersch grafting in treat- 
. i me nt of, 3714 

Synovectomy, in o«teo-arthritis of the 
knee, 4314 

Synovitis, of temporo-mandibular joint, 
5127 
Syphilis, 5299 
ana-roia in, 5301 
arsenic-resistant, 0332 
canlio- vascular, 5305, 531 1 
t reatment of, 5326 
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Syphilis, Charcot’s joints in, 5305 
congenital, 5314 
treatment of, 5330 
demonstration by staining, 5300 
diagnosis of, 5307 - 

differential diagnosis of, 5310 
general adenitis in, 5201 
gummata of mucous membrane, 5303 
o! periosteum and bone, 5304 
of the skin, 5203 
of testicle, 5311 
of tonsil, 5311 

in pregnancy, treatment of, 5331 
mentation of, 5300 
lymphangitis in, 4111 
malaise in, 5301 

meningo-vascular involvement in, 5306 
treatment of, 5327 
mucous membrane changes in, 5301 
neuro-, 5306, 5312 
treatment of, 5328 
of brain and cord, 5312 
of month and tongue, 4997, 5022 
of skin and subcutaneous tissues, in 
tertiary stage, 5311 
parenchymatous, treatment of, 5328 
pathology of, 5299 
precipitation tests for, 5309 
primary sore in, 5300 
examination of, 5307 
secondary manifestations of, 5300 
skin lesions in, 5300, 531 1 
tertiary stage of, 5301 
common manifestations of, 5311 
treatment of, 5317 
arsenical, 5319 

complications arising from, 5320 
contra-indications to, 5319 
dermatitis and jaundice from, 5321 
Herxheimer's reaction, 5320 
renal damage, 5321 
bismuth, 5318 

complications arising from, 5322 
technique of administration of, 
5324 

malarial, 5328 

mercury and potassium iodide, 5318 
novarsenobenzo! (“ 914 5317 

dosage of, 5319 
preparation lor injection, 5323 
of various types of syphilis, 5322 
tryparsamide, 5317, *5326, 532S 


types of, and their respective methods 
of treatment, 5322 
Wassermann reaction in, 5209 » 

Syringomyelia, 5522 


T 

Tachycardia, operative treatment of, 
’ '3979 

Tamponade, cardiac, 3944, 3915, 3918 
Tannic acid, in treatment of burns, 
5150 

Tapotement, 5339 
Tarsorrhaphy, 3749, 4570 
Tarsus, fractures of, 4513 
Teeth, 5171 

nlveolectomy, 5201 
apicectomy, 5201 
attrition and abrasion of, 5196 
buried, 5174, 5176 

conservative operations upon, as aid 
to orthodontic treatment, 5180 
operative treatment of, 5177 
removal from the mandible, 5179 
removal from the maxilla, 5177 
caries, see Dental caries 
concussion of, 5195 
deciduous, 5171 
disorders'associated with, 5171 
shedding of, 5173 
diseases^of, 519G 
dislocation of, 5195 
eruption of, see Dentition 
extraction of, 5202 
technique of, 6203 
fracture of, 5195 
frenectomy, 5207 
frenoplasty, 5207 
impacted, 5174 
operative treatment of, 5177 
(see also Molars ; Teeth, wisdom) 
injuries of, 5195 

permanent, mal-ernption and impaction 
of, 5174 

supernumerary, 51 74 
traumatic occlusion of, 5216 
wi«dom, lower, impaction of, 5181 
injury to the mandibular and lingua! 
nerves, 5189 

operative treatment of, 5186 
post-operative sequel® of, 5188 
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prophylactic (surgical) treatment of, 
5190 

Bowdler Henry’s operation, 5191 
wisdom, upper, impaction of, 5182 
(see also Dental caries ; Dentition ; 
Faradontosis ; Periodontitis) 
Template, jaconet, 3609 
Temporo-mandibolar joint, 5121 
arthritis of, 5127 
acute, 5127 
chronic, 5127 

hypertrophic Charcot’s, 5129 
neuropathic, 5129 
tuberculous, 5128 
diseases of, 5121 
dislocation of, 5121 

displacement of the mandibular carti- 
lage, 5123, 5125 
operations on, 4308 
synovitis of, 5127 
Tenotomy, 4590 

Testicle, growths of, dissemination of, 
4187 

metastases in bone, 4377 
Tetany, parathyroid, 3593 
Thecal puncture, see Lumbar puncture 
Thermo-therapy, see Heat therapy 
Thiersch graft, 3707 
application of the graft, 3713, 3714 
application to special areas, 3718 
ectropion, 3721 
intra-buccal grafting, 3722 
restoration of orbit, 3718 
symblepharon, 3721 
choice of donor area, 3708 
cutting apparatus, 3709 
cutting the graft, 3710, 3711 
draping of the donor area, 3708 
dressing of the donor area, 3713 
hairless grafts, 3708 
plaster-of-Faris fixation, 3717 
post-operative care, 3717 
preliminary skin preparation, 3708 
preparation of the recipient area, 
3713 

stent moulds, use of, 3713 
suction box, use of, 3711 
Thiersch skin-graft knife, 3709, 3710 
Thigh, amputation through, 4284 
Thoracic duct, injuries of, 4099 
in the neck, 4099, 4101 
Thoracic stomach, 5113 
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Thorotrast, Use of, in arteriography, 
4018 

Throat, effects of X-rays upon, 5383 
Thrombo-angeitis obliterans, 4037 
aetiology of, 4038 
amputation in, 4043 
clinical course of, 4040 
crushing of the peripheral nerves in 
treatment of, 4043 
incidence of, 4037 
lumbar sympathectomy for, 4042 
morbid anatomy of, 4039 
“ Pavrex ” treatment of, 4042 
surgical treatment of, 4042 
treatment of, 4041 
Thrombophilia, essential, 4011 
Thrombophlebitis, 3997 
aitiology of, 3997 
altered state of the blood, 3999 
infection of the vein wall, 3997 
trauma, 3998 
venous stasis, 3999 
classification, 3997 
clinical features of, 4001 
complications of, 4001, 4002 
deep, of the leg, 4004 
femoral, 4004 
morbid anatomy of, 3999 
of the tibial veins, 4005 
operative treatment of, 4003 
post-operative, 3999 
prognosis of, 4001 
prophylactic treatment of, 4002 
resolution of, 4001 
special types of, 4004 
superficial, of the leg, 4005 
suppurative, 3997, 3998, 4000, 4003 
traumatic, of axillary vein, 4004 
treatment of, 4002 
Thrombophlebitis migrans, 4003 
Thrombosis, 4000 
arterial, 4011 

of lateral sinus, see Lateral sinus, 
otogenous infection 

secondary or propagating, following 
embolism, 4013 

{see also Embolism ; Thrombophle- 
bitis) 

Thumb, amputation of, 4291 
Thymus, 4246 

anatomy and development of, 4246 
histology of, 4217 
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Thymus, hyperplasia of, 4250 
hypoplasia of, 4249 
pathology of, 4249 
physiology of, 424S 
tumours of, 4251 
classification of, 4252 
diagnosis of, 4255 

macroscopic and clinical features of, 
4254 

treatment of, 4256 

va'cular changes and infl a mm ations of, 
4250 

(tte also Status thymo-lymphaticus) 
Thyroglossal cysts, 5020 
Thyroid, lingual, 5020 
Thyroidectomy, for heart disease, 3973, 
3979' 

anaesthesia, 3930 
operative technique, 3981 
post-operative care, 3981 
pre-operative study and selection, 3980 
results and indications, 3982 
Thyroid gland, in relation to operations 
and surgical risk, 3591 
tumours of, bone metastases in, 4376 
Tibia, condyle of, fractures of, 4492 
fractures of, 4489 

lower epiphysis of, separation of, 4508 
shaft of, fractures of, 4494 
after-treatment of, 4499 
complications of, 4495 
lower third of the shaft, 4499 
non-union, treatment of, 4502 
treatment of, 4495 
m adults, 4490 
in children. 4495 
spiiie of, fractures of, 44S9 
differential diagnosis of, 4490 
treatment of, 4490 

Tibial artery, posterior and anterior, 
ligature of, 4095, 4096 
Tibial veins, thrombophlebitis of, 4005 
Tinnitus, operation on the labvrinth for, 
4666 

Tobacco smoking, in relation to opera- 
tions and surgical risk, 3378 
Tobey-Ayer test, 4669 
Toes, amputation of, 4277 
Tongue, anatomy of, 4970 
angioma of, 5018 
base of, carcinoma of, 4852 
benign tumours of, 501 1 


carcinoma of, 4982 
aetiology of, 4982 
clinical types of, 4987 
course and termination of, 4996 
diagnosis of, 4997 
diathermy excision of, 5003 
differential diagnosis of, 4997 
dissemination of, 4188, 4995 
early diagnosis of, importance of, 4999 
extent of the lesion, 499 L 
glandular involvement in, 4993 
histology of, 49S5 
incidence of, 4982, 4983 
localisation of, 4990 ,,,, 

metastases in bone, 4377 . - - - 

multiplicity of lesions, 4988 
predispo«ing causes of, 4983 
symptoms of, 4991 
treatment of, 5000 
anaesthesia, 5003 
diathermy excision, 5003 
low voltage X-ray», 5000 
of cervical lymphatic fields, 5006 
pre-operative treatment of the 
mouth, 5003 
X-ray therapy, 5000 
chancre of, 5023 
chondroma of, 5016 
chronic ulcers of, 5033 
cysts of, 5019 
dental ulcerations of, 5035 
dermoid cysts of, 5020 
dyspeptic ulcers of, 5034 
embryology of, 4969 
enlargement of, 5019 
epithelial covering of, 4971 
examination of, 4980 
fibroma of, 5017 
gumma of, 5025 
herpetic ulcers of, 5031 
inferior surface of, 4973 
leukoplakia of, 5031 
lingua] thyroid, 5020 
lipoma of, 5016 
lupus vulgaris of, 5029 
lymphatic supply of, 4976 
malignant disease of, 4982 
“ mixed tumour ” of, 5013 
mucous- and salivary -gland tumours of, 
3013 

mucous cysts of, 5019 
muscular hypertrophy of, 5019 
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musculature of, 4971 
navi of, 5018 
nerve supply of, 4975 
neurofibroma of, 5017 
osteoma of, 5016 
papilloma of, 5011, 5012 
“ parotid tumour ” of, 5013 
posterior part, signs and symptoms of 
carcinoma of, 4993 
retention cyst of, 5019 
rhabdomyoma of, 5016 
sarcoma of, 4982 
simple ulcers of, 4998, 5033 
syphilis of, 4997, 6022 
differential diagnosis of oral mani- 
festations of secondary syphilis, 
5024 

early generalised, 5023 
late oral manifestations of generalised 
syphilis, 5025 

primary inoculation of syphilis in oral 
cavity, 6022 
treatment of, 5028 
thyroglossal cysts, 5020 
traumatic ulcers of, 5035 
tuberculoma of, 5030 
tuberculosis of, 5029 
treatment of, 5030 
tuberculous ulcers of, 5029 
ulceration of, 5033 
vascular supply of, 4974 
vascular tumours of, 5018 
xanthoma of, 5017 
Tonsillectomy, anaesthesia for, 4950 
choice of technique, 4951 
in adults, 4960 
operation by diathermy, 4961 
post-operative complications, 4963 
preparation of the patient, 4950 
removal by dissection, in children, 4955 
removal by guillotine, 4952 
Sluder’s operation, 4952 
under local anesthesia, 4962 
Waugh’s method, 4952 
Tonsillitis, 4945 
acute, 4946 
acute follicular, 4940 
acute surface infections, 4945 
catarrhal, 4946 
chronic, 4947 
gangrenous, 4947 
suppurative, 4946 


Tonsils, 4944 

clinical pathology of, 4945 
congenital abnormalities of, 4945 
cysts of, 4948 
foreign bodies in, 4945 
general diseases attributed to absorp- 
tion from, 4949 
gummata of, 5311 
indications for operation, 4948 
inflammation of, see Tonsillitis 
surgical anatomy in relation to opera- 
tions on, 4944 
tumours of, 4948 
(see also Tonsillectomy) 

Tonus, muscular, 5524 
Trachea, endoscopic anatomy of, 4833 
diphtheria of, endoscopy in, 4839 
stenosis of, 4838 

(see also Endoscopy ; Tracheoscopy) 
Tracheo-bronchial lymphatic glands, 
tuberculosis of, 41 31 

Tracheo-bronchial tree, anatomy and 
endoscopic appearances of, 4835 
Tracheoscopy, 4831, 4833 
(sec also Endoscopy) 

Trachoma, 4529 

Transfusion, see Blood-transfusion 
Traumatic shock, see Shock 
Trendelenburg’s test for competency of 
superficial veins, 3993 
Trigeminal nerve, lesions of, 5504 
Trismus, 5129 
Esmarch’s operation, 5131 
Trophcederaa, hereditary, 4200, 4204 
Trusses, in treatment of hernia, 3600, 3604 
(see also under Hernia) 

Tryparsamide, in treatment of syphilis, 
5317, 5326, 5328 

Tuberculosis, of lymphatic glands, see 
Lymphadenitis, tuberculous 
of mouth and tongue, 5029 
Tuberculous arthritis, of temporo-mandi- 
bular joint, 5128 
conjunctivitis, 4530 
keratitis, 4534 
lymphangitis, 4111 
meningitis, 5485 
Tulle gras, 3706 

Tumours, see Cancer ; and under names 
of various tumours 

Tunica vaginalis, treatment of, in con- 
genital hernia, 3635 
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Tunnel grafting, 3734 
Turbinals, hypertrophy of, 4721 
inferior, 4722 
middle, 4724 

enlargement of anterior end of, 4724 
removal of anterior end of, 4725 
Turbmectomy, 4721 
anterior, 4722 
partial, 4721 
posterior, 4723 

Turner's (Philip) operation for inguinal 
hernia, 3641 

Tympanic cavity, drainage of, 4020 
{see also Myringotomy)- 
Tympanum, of ear, 4603 


U 

Ulcers, of the tongue, 5033 
varicose, 3095 
Ulna, fractures of, 4430 
of shaft, 4432 

Ulna and radius, fracture of shafts of, 
4434 

Ultra-short wave therapy, 5358 
Ultra-violet irradiation, 5362 
Umbilical hernia, see Hernia, umbilical 
Unconsciousness, 5507 
Urethritis, gonococcal, 'in the female, 
5280 

Urethroscopy, m the female, 5285 
in gonorrhrca, 5234 

Uterine inertia, u-e of forceps in, 3867 
Uterus, tumours of, bone metastasis in, 
4377 


V 

Vaginal orifice, primary repair of, 3896 
after-treatment, 3899 
anus and rectum, 3898 
rolpo-jierineorrliaphy. 3896 
perineum, 3897 
repair of the vagina, 3897 
Vaginitis, gonorrhcral, 5277 
Vagus nerve, 5512 

Valvular lesions of the heart, surgery of, 
3967 

Varicose aneurysm, 4073 
Varicose ulcer, 3995 


Varicose veins, 3990 
letiology and morbid anatomy of, 
3990 

clinical features of, 3992 
complications of, 3993 
chronic ulcer, 3995 
injection treatment of, 3995, 3996 
embolism complicating, 3996 
investigation of a case of, 3993 
treatment of, 3995 

Vasospasm, essential arteriolar, see 
Raynaud's disease 

Veau’s contributions to the surgery of 
cleft lip and palate, 3807, 3809 
Veins, cardiac, 3940 
competency of, 3993 
d^ep, patency of, 3993 
surgery of, 3990 
varicose, see Varicose veins 
Venom, snake, in treatment of hiemophilia, 
5423 

Venous peritoneal anastomosis, 4106 
Venous stasis, 3991 
Vernets syndrome, 5514 
VemH's extra-articular sacro-iliac arthro- 
desis, 4327 
Version, 3853 
bipolar, 3856 
indications for, 3857 
method, 3859 
external, 3853 
indications for, 3853 
method, 3854 
internal, 3862 
contra-indications to, 3864 
indications for, 3862 
method, 3803 

Vertigo, operations on the labyrinth for, 
4665 

Vestibulotomy, 4604 
Vincent’s angina, 4945 
Vincent’s infection of the gums, 5212 
Visual acuity, tests for, 4522 
Visual fields, examination of, 4522 
Volkmann's i«cli.rmic contracture, 4383, 
4421 

Page’s muscle-slide operation for, 4381 
pathology of, 4383 
prevention of, 4384 
prognosis of, 4381 
treatment of, 4384 
Vulvitis, gonorrbceal, 5276 
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Vwlro-vapinitK gonorrfnral, 521 >3 , { 

“ carrier*,” 520) 
diagnosis of, 5291 
<r«tfin in treatment of, 521*6 
symptom-* and signs of, 5203 
treatment of, 5201 


W 

W.inliJjV four-flap method in pharyngo- i 
plasty, 3810 

ojieRitcoti of phitryngoplasty, 3807, t 
38**8, 3810 * , 

tt‘n*.NCrmann reaction, 5301* 

Watson (L F.)« on liernia, 3GC2 
Waugh's method in tonsillectomy, 41*32 , 

Wel>er test of hearing, 4G07 
Whitman’s a^tragalcetomy, 431C 
abduction treatment of fractures in 1 
region of the hip joint, 1472 
. reconstruction ojterution on the hip I 
joint, 4336 

Williamson’s axis-traction forceps 3866 ( 
Wmter-Auvard threc-Maded cramoclast, 1 
3888 

Wolfe graft, 3727 

Coelst method of fixing grafted area, 
3729 , 3730 

dressings and after care, 3730, 3731 
hairy Wolfe graft, 3732 
method of cutting, 3728 , 

technique of application, 3729 i 

Wrinkles, operative treatment of, 3821, j 
3825 

Wrist, arthrodesis of, 4323 
arthrotomy, 4323 
disarticulation at, 4291 
Wuchereria bancrofU, 4205 , 


X 

Xanthoma, of mouth and tongue, 5017 
X-ray hums, 5378 
treatment of, 5380 
X-ray carcinoma, 5379 
treatment of, 5381 
X-ray dermatitis, 5377 
acute, 5377 
treatment of, 5379 


chronic, 5378 

treatment of, 5380 v 
effect of ultra-violet irradiation in, 
5379 

X-ray sickness, 538S 

X-ray therapy, ileeji, 5369, 5389 
application of X-rnys to the patient, 
5371 

constitutional effects, 5387 
dosage, 5372 

international unit of dosage, 5374 
of actinomycosis, 5399 
of acute inflammatory condition-!, 5399 
of chronic arthritis, 5399 * 

of rbronic mastitis, 51t*2 
ol enlarged glands, 5399 
of enlarged prostate, 5399 
of gynaecological conditions, 5401 
of hyperthyroidism, M0f 
of leukaemia, 540** 
of lymphudenoma, 5f'K) 
of malignant di-ease, 5389 
Coutard method, 5389 
progno-is with X-ray treatment, 
5392 

alimentary tract, 5392 
carcinoma of the breast, 5396 
carcinoma of the skin, 5392 
cerebral tumours, 5397 
gemto-unnary system, 5394 
mouth and throat, 5392 
respiratory system, 5392 
sarcoma of bone, 5398 
radio-Bensitivity of tumours, 
5391 

of neuralgias, 5102 
of non-malignant diseases, 5398 
of parotid cysts and fistula-, 5402 
of skin diseases, 5398 
prognosis with X-rav treatment of 
malignant disease, 5392 
Unit skm dose and erythema dose, 
5374 
-rays, 5369 

effects on living tissues, 5375 
hums, 5378 

chronic ulcerative lesions, 5380 
constitutional effects, 5387 
cumulative effect, 5376 
desensitisation, 5376 
general characteristics of X-ray 
effects, 5375 
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X-rays, effects on, late necrosis, 5378 
latent period, 5376 
on the blood, 5382 
on the gastrointestinal tract, 5385 
on the genito-urinary sj stem, 5386 
on the nenous system, 5387 
on the respiratory system, 5386 
on the skin, 5377 

on the spleen and lymphoid tissues, 
538-1 

solid utiema of the sLm, 5378 
telangiectases, 5378 


X-ray carcinoma, 5379, 5381 
X-ray dermatitis, 5377 
filtration of, 5371 
mode of production, 5369 
nature and properties of, 5369 
protection, 5371 


Z 

Ziegler’s method of needling in cataract, 
4585 



